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To date, there is no consensus on the most reliable marker of iron status in patients
with chronic kidney disease (CKD). Serum ferritin is used routinely, although it may be a
misleading marker for iron overload. The success of T2* MRI in monitoring iron overload
in patients with hemoglobinopathies can be beneficial to monitoring patients with CKD.
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INTRODUCTION

As anemia represents the feature complication in patients suffering from chronic kidney disease
(CKD), most researchers have focused on monitoring anemia rather than iron overload due to
iatrogenic iron replacement. Clinicians use serum ferritin routinely to monitor iron status, but
serum ferritin is influenced by various factors, including liver disease and inflammation (1). Patients
with CKD might suffer sequelae of iron overload affecting the major iron storage sites (2). In the
liver, iron overload leads to substantial organ damage and, eventually, liver failure (3). Cardiac iron
overload is linked to dysrhythmia and heart failure (4), and iron can build up in the endocrine
organs (e.g., thyroid, pancreas, pituitary gland), causing dysfunction as well as delayed puberty
in children (5). Other in vivo animal models and a few clinical studies also suggest a role for
iron overload in brain damage (6, 7). Furthermore, it is known that iron overload makes some
microorganisms more virulent. There is mounting evidence suggesting that iron overload promotes
the human immunodeficiency virus (HIV) infection progression and may exacerbate the severity
of viral hepatitis as well as how well it responds to therapy (8). Importantly, liver and cardiac iron
quantification and their correlation with serum ferritin levels is not well-researched in patients
with CKD compared to patients with hemoglobinopathies. As a result, there is no clear cutoff value
for ferritin in the existing clinical guidelines, necessitating the identification of more reliable iron
overload diagnostics.

WHEN LESS IS MORE

The global prevalence of CKD ranges between 11.7 and 15.1%, which represents a global public
health issue (9). CKD claimed 1.2 million lives in 2017 and was the world’s 12th largest cause of
mortality. In addition, CKD was responsible for 35.8 million disability-adjusted life years (DALYs),
whereas CVD was responsible for 25.3 million DALY in the same year. Diabetes is the major cause
of CKD DALYs, accounting for 30.7 percent of all cases (10). Furthermore, CKD directly impacts
the morbidity and mortality rates through its progression to cardiovascular disorders and end-stage
renal disease (ESRD) (11).
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Anemia (defined as hemoglobin [Hb] <11 g/dL in women
and <12 g/dL in men) is a known consequence of CKD with
a prevalence of <10% in stages I & II, about 20-40% in stage
III, and 50-60% in stage IV. However, due to the estimated
glomerular filtration rate (eGFR) decline, the prevalence exceeds
70% in stage V (12, 13).

CONSEQUENCES OF IRON OVERLOAD

Iron overload may affect the liver (e.g., cirrhosis which increases
the risk of hepatocellular carcinoma) and the heart (e.g., heart
failure and arrhythmias), and it may lead to endocrine and
metabolic complications, such as hypogonadism and diabetes
mellitus, in addition to other musculoskeletal and skin-related
complications (14). Furthermore, higher iron reserves in the
body may shift the immunoregulatory balance negatively,
compromising the immune system and complicating therapeutic
management of underlying acute and chronic illnesses (15).
According to recent case reports, iatrogenic iron replacement
may lead to hemochromatosis (secondary iron overload) in
patients with CKD, which represents an “emerging medical
challenge” (16, 17). Unfortunately, patients with CKD have
few alternatives for treating hemochromatosis due to the poor
creatinine clearance for most iron chelators (18). This poses a
clinical quandary when balancing the necessity to correct iron
deficiency anemia while preventing iron overload (19).

IRON MARKERS IN CKD
“Old Is Gold”

The Liver, bone marrow (BM), and spleen ate the primary
iron storage sites. Consequently, the liver is the first organ to
exhibit signs of excess iron. Thus, liver or bone marrow biopsy
has long been considered the gold standard for identifying
and measuring iron levels, but with disadvantages, including
invasiveness, inconvenience, and impracticality (20).

“Beautiful Deception”

According to CKD’s latest clinical guidelines, “The Kidney
Disease: Improving Global Outcomes (KDIGO) 2012,
transferrin saturation (TSAT) and serum ferritin levels are
recommended for tailoring iron therapy (1, 16, 19, 21, 22).
However, the accuracy of TSAT and serum ferritin and even
serum Fe as hepatic or cardiac iron overload indicators is
questionable, since they are influenced by several factors,
including malnutrition, liver disease, and inflammation (23). For
instance, the association between serum ferritin and liver iron
concentration (LIC) is well studied in hemoglobinopathies [e.g.,
transfusion-dependent (TD) beta-thalassemia major (BTM) and
sickle cell disease (SCD)] (24). However, this association may not
be generalized to patients with CKD without robust scientific
evidence due to the nature of the disease and the mechanism of
body iron metabolism and overload.

“Leave No Stone Unturned”
Other iron markers are either still under investigation, or limited
to certain institutions because of cost and clinical feasibility, or

have unknown cutoff levels, such as superconducting quantum
interference device (SQUID), percentage of hypochromic red
cells (PHRC), the content of hemoglobin reticulocyte (CHr),
erythrocyte zinc protoporphyrin (ZnPP), and Soluble transferrin
receptor (sTfR). For example, in 2004, a report was conducted
that included SQUID assessments of hepatic iron levels in
40 patients on hemodialysis receiving IV iron. Although 30%
of the patients had serum ferritin levels >500ng/mL, this
investigation found that the other 70% had indications of mild
to severe iron overload (25). Although SQUID is typically
reliable and reproducible, there are presently a limited number
of operational devices worldwide, making it unsuitable for
clinical use (26).

IS T2*MRI A REMEDY?

Magnetic resonance imaging (MRI) such as T2* is commonly
used for hepatic, cardiac, and pancreatic iron overload
monitoring and demonstrates a good correlation with liver
biopsy results in hemoglobinopathies, including monitoring of
treatment response to intravenous iron replacement (27, 28).
T2*MRI is a preferred modality, particularly in individuals who
have contraindications to liver biopsy or when a quantitative
measurement of liver iron content cannot be conducted. In
patients with BTM, MRI is usually indicated based on several
factors (29), such as the frequency of blood transfusions
(>20 times), the accumulative dose of iron supplements (if
prescribed 5 times per year), or the serum ferritin levels
(if exceeding 1,000ng/mL). MRI in patients with BTM is
recommended on an annual basis and twice per year in patients
with severe or very severe liver iron overload (30). However,
in patients with CKD, there are no published guidelines or
recommendations on the criteria for conducting T2*MRI,
including frequency.

Several studies indicate that T2*MRI is the “best” non-invasive
approach for diagnosing liver iron overload, determining
severity, and monitoring response to therapy (serial evaluation)
with a high accuracy level (31-34). In 2012, significant iron
overload (serum ferritin >1,000ng/mL) in the liver and
spleen was recently observed in more than 90% (N = 21)
of hemodialysis patients on IV iron therapy (22). On the
other hand, Rostoker et al. (35) investigated 119 hemodialysis
patients receiving erythropoiesis-stimulating agents (ESA) and
iron therapy and assessed their LIC using T2* MRI. Mild
to severe hepatic iron excess was seen in 84 percent of the
patients, with 36 percent having severe iron overload similar
to that seen in hereditary hemochromatosis. Therefore, the
iron concentration of the liver (LIC) is highly linked to
the total iron dosage taken. According to a landmark paper
by Locatelli et al. (36) “Despite the fact that excess iron
in the liver is potentially harmful, the clinical consequences
of high iron content estimated by magnetic resonance is
not known.” The paper also pointed to the lack of clear
evidence indicating an upper limit at which ferritin level
that can be considered safe. In addition to the clinical
validity and feasibility, the availability and access to MRI
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technology and time and cost factors are challenging in many
underprivileged settings.

OUTSTANDING QUESTIONS

Thus, to know the unknown, detecting and quantifying
hepatic and cardiac iron excess is vital for initiating iron
therapy and preventing iron excess in patients with CKD.
Furthermore, establishing a safe cutoff level of serum ferritin by

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Piloni

. Kalantar-Zadeh K, Kalantar-Zadeh K, Lee GH. The fascinating but deceptive

ferritin: to measure it or not to measure it in chronic kidney disease? Clin J
Am Soc Nephrol. (2006) 1(Suppl 1):S9-18. doi: 10.2215/CJN.01390406

. Taher A, Nathan D, Porter J (editors). Evaluation of iron levels to avoid the

clinical sequelae of iron overload. In: Seminars in Hematology. Elsevier. (2007)
§2-6. doi: 10.1053/j.seminhematol.2007.03.002

. Kushner JP, Porter JP, Olivieri NF. Secondary iron overload. In: ASH

Education Program Book. Washington, DC: American Society of Hematology.
(2001). p. 47-61. doi: 10.1182/asheducation-2001.1.47

. Shizukuda Y, Rosing DR. Iron overload and arrhythmias: Influence of

confounding factors. ] Arrhythmia. (2019) 35:575-83. doi: 10.1002/j0a3.12208

. Merchant RH, Shirodkar A, Ahmed J]. Evaluation of growth, puberty

and endocrine dysfunctions in relation to iron overload in multi
transfused Indian thalassemia patients. Indian ] Pediatr. (2011) 78:679-83.
doi: 10.1007/s12098-010-0351-3

NE, Fermandez V, Videla LA, Puntarulo S. Acute iron
overload and oxidative stress in brain. Toxicology. (2013) 314:174-82.
doi: 10.1016/j.t0x.2013.09.015

. Blasco G, Puig J, Daunis-i-Estadella ], Molina X, Xifra G, Fernindez-Aranda

E et al. Brain iron overload, insulin resistance, and cognitive performance in
obese subjects: a preliminary MRI case-control study. Diabetes Care. (2014)
37:3076-83. doi: 10.2337/dc14-0664

. Traoré HN, Meyer D. The effect of iron overload on in vitro HIV-1 infection.

J Clin Virol. (2004) 31:92-8. doi: 10.1016/j.jcv.2004.09.011

. Coresh J. Update on the burden of CKD. ] Am Soc Nephrol. (2017) 28:1020-2.

doi: 10.1681/ASN.2016121374

Carney EF. The impact of chronic kidney disease on global health. Nat Rev
Nephrol. (2020) 16:251. doi: 10.1038/s41581-020-0268-7

Lv J-C, Zhang L-X. Prevalence and disease burden of chronic kidney disease.
Renal Fibrosis. (2019) 2019:3-15. doi: 10.1007/978-981-13-8871-2_1

Hsu C-y, McCulloch CE, Curhan GC. Epidemiology of anemia associated with
chronic renal insufficiency among adults in the United States: results from the
Third National Health and Nutrition Examination Survey. ] Am Soc Nephrol.
(2002) 13:504-10. doi: 10.1681/ASN.V132504

Yilmaz MI, Solak Y, Covic A, Goldsmith D, Kanbay M. Renal anemia of
inflammation: the name is self-explanatory. Blood Purification. (2011) 32:220-
5. doi: 10.1159/000328037

Labranche R, Gilbert G, Cerny M, Vu K-N, Souli¢res D, Olivié D, et al. Liver
iron quantification with MR imaging: a primer for radiologists. Radiographics.
(2018) 38:392-412. doi: 10.1148/rg.2018170079

Walker EM, Walker SM. Effects of iron overload on the immune system.
Annals Clin Lab Sci. (2000) 30:354-65. Available online at: http://www.
annclinlabsci.org/content/30/4/354.abstract?sid=8552f969-0314-457c-be83-
al579ft80362#cited- by

Ali M, Okar L, Igbal P, Yassin MA. iatrogenic iron overload in a patient
with chronic kidney disease: is there a correlation between serum ferritin and
liver iron concentration determined by MRI T2*? Cureus. (2020) 12:e8914.
doi: 10.7759/cureus.8914

Aldwairi MM, Yassin MA. Iatrogenic iron overload in an end stage renal
disease patient. Case Rep Oncol. (2020) 13:760-3. doi: 10.1159/000507979
Mobarra N, Shanaki M, Ehteram H, Nasiri H, Sahmani M, Saeidi M, et al.
A review on iron chelators in treatment of iron overload syndromes. Int |
Hematol Oncol Stem Cell Res. (2016) 10:239.

Ramanathan G, Olynyk JK, Ferrari P. Diagnosing and preventing iron
overload. Hemodialysis Int. (2017) 21:558-67. doi: 10.1111/hdi.12555

correlating with T2*MRI in patients with CKD is an emerging
unmet need.

AUTHOR CONTRIBUTIONS

AN: conceptualization. AN, MY, MM, HA, and MS: literature
search and manuscript preparation (draft and final editing). All
authors read and approved the final manuscript.

20.

21.

22.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Brissot P, Loréal O. Iron metabolism and related genetic diseases:
a cleared land, keeping mysteries. ] Hepatol. (2016) 64:505-15.
doi: 10.1016/j.jhep.2015.11.009

Holman R, Olynyk JK, Kulkarni H, Ferrari P. Characterization of
hepatic and cardiac iron deposition during standard treatment of
anaemia in haemodialysis. Nephrology. (2017) 22:114-7. doi: 10.1111/nep.
12735

Ghoti H, Rachmilewitz EA, Simon-Lopez R, Gaber R, Katzir Z, Konen E,
et al. Evidence for tissue iron overload in long-term hemodialysis patients and
the impact of withdrawing parenteral iron. Eur ] Haematol. (2012) 89:87-93.
doi: 10.1111/j.1600-0609.2012.01783.x

. Gaweda AE, Ginzburg YZ, Chait Y, Germain MJ, Aronoff GR, Rachmilewitz

E. Iron dosing in kidney disease: inconsistency of evidence and clinical
practice. Nephrol Dialysis Transplant. (2015) 30:187-96. doi: 10.1093/ndt/
gful04

Kanbour I, Chandra P, Soliman A, De Sanctis V, Nashwan A, Abusamaan §,
et al. Severe liver iron concentrations (LIC) in 24 patients with B-thalassemia
major: correlations with serum ferritin, liver enzymes and endocrine
complications. Mediterranean ] Hematol Infect Dis. (2018) 10:e2018062.
doi: 10.4084/mjhid.2018.062

Canavese C, Bergamo D, Ciccone G, Longo E Fop F, Thea A, et al.
Validation of serum ferritin values by magnetic susceptometry in
predicting iron overload in dialysis patients. Kidney Int. (2004) 65:1091-8.
doi: 10.1111/j.1523-1755.2004.00480.x

Wood JC. Guidelines for quantifying iron overload. In: Hematology
2014, The American Society of Hematology Education Program Book.
Washington, DC: American Society of Hematology. (2014). p. 210-5.
doi: 10.1182/asheducation-2014.1.210

Anderson L, Holden S, Davis B, Prescott E, Charrier C, Bunce N,
et al. Cardiovascular T2-star (T2*) magnetic resonance for the early
diagnosis of myocardial iron overload. Eur Heart J. (2001) 22:2171-9.
doi: 10.1053/euh;j.2001.2822

Wood JC, Enriquez C, Ghugre N, Tyzka JM, Carson S, Nelson MD, et al.
MRI R2 and R2* mapping accurately estimates hepatic iron concentration
in transfusion-dependent thalassemia and sickle cell disease patients. Blood.
(2005) 106:1460-5. doi: 10.1182/blood-2004-10-3982

Cappellini M-D, Cohen A, Porter J, Taher A, Viprakasit V. Guidelines for the
management of transfusion dependent thalassaemia (TDT): Thalassaemia
International Federation Nicosia. Cyprus (2014). Available online at:
https://thalassaemia.org.cy/download/guidelines-for- the-management- of-
transfusion- dependent- thalassaemia- 3rd- edition- 2014-english/

Ali N. Iron Overload Assessment in Beta Thalassemia Major-is T2* Magnetic
Resonance Imaging the Answer? Electronic Physician. (2017) 9:5609-10.
doi: 10.19082/5609

Aldstiza JM, Castiella A, De Juan MD, Emparanza JI, Artetxe J, Uranga M.
Iron overload in the liver diagnostic and quantification. Eur J Radiol. (2007)
61:499-506. doi: 10.1016/j.ejrad.2006.11.012

Sharma P, Altbach M, Galons J-P, Kalb B, Martin DR. Measurement of liver
fat fraction and iron with MRI and MR spectroscopy techniques. Diagnostic
Interventional Radiol. (2014) 20:17. doi: 10.5152/dir.2013.13124
Kannengiesser S, Neji R, Zhong X. Case study LiverLab. MAGNETOM
Flash. (2014) 3:18-9. Available online at: https://cdn0.scrvt.com/
39b415fb07de4d9656¢7b516d8e2d907/1800000001413231/98ed68£50938/
MRI_58_Kannengiesser_1800000001413231.pdf

Frittoli B, Bertuletti M, Angelini V, Grazioli L. Case Series: Clinical Application
in Liver Fat and Iron Quantification using LiverLab. Available online at: https://
cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000007096258/

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 865669


https://doi.org/10.2215/CJN.01390406
https://doi.org/10.1053/j.seminhematol.2007.03.002
https://doi.org/10.1182/asheducation-2001.1.47
https://doi.org/10.1002/joa3.12208
https://doi.org/10.1007/s12098-010-0351-3
https://doi.org/10.1016/j.tox.2013.09.015
https://doi.org/10.2337/dc14-0664
https://doi.org/10.1016/j.jcv.2004.09.011
https://doi.org/10.1681/ASN.2016121374
https://doi.org/10.1038/s41581-020-0268-7
https://doi.org/10.1007/978-981-13-8871-2_1
https://doi.org/10.1681/ASN.V132504
https://doi.org/10.1159/000328037
https://doi.org/10.1148/rg.2018170079
http://www.annclinlabsci.org/content/30/4/354.abstract?sid=8552f969-0314-457c-be83-a1579ff80362#cited-by
http://www.annclinlabsci.org/content/30/4/354.abstract?sid=8552f969-0314-457c-be83-a1579ff80362#cited-by
http://www.annclinlabsci.org/content/30/4/354.abstract?sid=8552f969-0314-457c-be83-a1579ff80362#cited-by
https://doi.org/10.7759/cureus.8914
https://doi.org/10.1159/000507979
https://doi.org/10.1111/hdi.12555
https://doi.org/10.1016/j.jhep.2015.11.009
https://doi.org/10.1111/nep.12735
https://doi.org/10.1111/j.1600-0609.2012.01783.x
https://doi.org/10.1093/ndt/gfu104
https://doi.org/10.4084/mjhid.2018.062
https://doi.org/10.1111/j.1523-1755.2004.00480.x
https://doi.org/10.1182/asheducation-2014.1.210
https://doi.org/10.1053/euhj.2001.2822
https://doi.org/10.1182/blood-2004-10-3982
https://thalassaemia.org.cy/download/guidelines-for-the-management-of-transfusion-dependent-thalassaemia-3rd-edition-2014-english/
https://thalassaemia.org.cy/download/guidelines-for-the-management-of-transfusion-dependent-thalassaemia-3rd-edition-2014-english/
https://doi.org/10.19082/5609
https://doi.org/10.1016/j.ejrad.2006.11.012
https://doi.org/10.5152/dir.2013.13124
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000001413231/98ed68f50938/MRI_58_Kannengiesser_1800000001413231.pdf
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000001413231/98ed68f50938/MRI_58_Kannengiesser_1800000001413231.pdf
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000001413231/98ed68f50938/MRI_58_Kannengiesser_1800000001413231.pdf
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000007096258/8e3ccc3543e5/siemens-healthineers_Frittoli_Liver_Lab_MAGNETOM-Flash_ISMRM_2020_1800000007096258.pdf
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000007096258/8e3ccc3543e5/siemens-healthineers_Frittoli_Liver_Lab_MAGNETOM-Flash_ISMRM_2020_1800000007096258.pdf

Nashwan et al.

Iron Overload in Chronic Kidney Disease

8e3cce3543e5/siemens- healthineers_Frittoli_Liver_Lab_ MAGNETOM-
Flash_ISMRM_2020_1800000007096258.pdf

35. Rostoker G, Griuncelli M, Loridon C, Couprie R, Benmaadi A, Bounhiol
C, et al. Hemodialysis-associated hemosiderosis in the era of erythropoiesis-
stimulating agents: a MRI study. Am ] Med. (2012) 125:991-9.el.
doi: 10.1016/j.amjmed.2012.01.015

36. Locatelli F, Barany P, Covic A, De Francisco A, Del Vecchio L, Goldsmith
D, et al. Kidney disease: improving global outcomes guidelines on
anaemia management in chronic kidney disease: a European Renal Best
Practice position statement. Nephrol Dialysis Transplant. (2013) 28:1346-59.
doi: 10.1093/ndt/gft033

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict ofinterest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Nashwan, Yassin, Mohamed Ibrahim, Abdul Rahim and
Shraim. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

March 2022 | Volume 9 | Article 865669


https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000007096258/8e3ccc3543e5/siemens-healthineers_Frittoli_Liver_Lab_MAGNETOM-Flash_ISMRM_2020_1800000007096258.pdf
https://cdn0.scrvt.com/39b415fb07de4d9656c7b516d8e2d907/1800000007096258/8e3ccc3543e5/siemens-healthineers_Frittoli_Liver_Lab_MAGNETOM-Flash_ISMRM_2020_1800000007096258.pdf
https://doi.org/10.1016/j.amjmed.2012.01.015
https://doi.org/10.1093/ndt/gft033
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Iron Overload in Chronic Kidney Disease: Less Ferritin, More T2MRI
	Introduction
	When Less is More
	Consequences of Iron Overload
	Iron Markers in CKD
	``Old Is Gold''
	``Beautiful Deception''
	``Leave No Stone Unturned''

	Is T2MRI a Remedy?
	Outstanding Questions
	Author Contributions
	References


