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Introduction

Magnesium is an important intracellular cation. It is
involved in energy metabolism, protein and nucleic
acid  synthesis, modulation of membrane
transporters, and signal transduction (1, 2). The
kidneys are responsible for magnesium homeostasis
and there is no feedback mechanism to prevent
magnesium absorption in the gastrointestinal tract
(1,2, 3). The kidneys usually excrete excessive
magnesium, but this ability is diminished in patients
with progressive chronic kidney diseases and chronic
renal failure (CRF). Hypermagnesemia must be
taken into consideration in any patient presenting
with chronic renal failure.

Recent advances in molecular genetics of hereditary
hypermagnesemia have shown the role of a variety
of genes in human epithelial Mg transport (3-9).
Several studies suggest that Mg plays an important
role against the development of cardiovascular
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diseases, infectious diseases, and malignant
neoplasia and therefore changes in the Mg level may
be related to mortality (10).

Hypermagnesemia is an uncommon laboratory
finding and symptomatic hypermagnesemia is even
less common. The plasma magnesium concentration
is 1.5-2.3 mg/dL in healthy children (3).

Given the intracellular nature of this cation, serum
magnesium concentrations poorly reflect the total
body status (3, 8).

The kidney is the main organ responsible for
magnesium homeostasis. Approximately 70-80%
(2.4 g/day) of the total serum magnesium is filtered
by the kidneys. Under normal circumstances, 95—
97% is reabsorbed by the tubules (2,3). In contrast to
other  electrolytes, control of magnesium
reabsorption does not appear to be tightly regulated
by a specific hormone (1,3).
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The most common cause of hypermagnesemia is
renal failure; other causes include excessive intake,
lithium therapy, hypothyroidism, addison disease,
familial hypocalciuric hypercalcemia, and milk
alkali syndrome (5,6).

Hypermagnesemia inhibits acetylcholine release at
the neuromuscular junction, causing lethargy,
sleepiness, hypotonia, hyporeflexia, hypotension,
flushing and weakness, and paralysis. ECG changes
include prolonged PR, QRS, and QT intervals (3-8).
In hypermagnesemia, because Mg acts as a calcium
channel blocker, the blood vessels tend to dilate,
which leads to lower blood pressure levels. It also
causes prolonged QT intervals, increased QRS
duration, and bradycardia on electrocardiograms and
cardiac arrest (5,7).

Other manifestations of hypermagnesemia include
nausea, vomiting, and hypocalcemia. Prevention is
essential; magnesium containing compounds should
be wused judiciously in children with renal
insufficiency (1,2). Both admission
hypermagnesemia and hypomagnesaemia are
associated with an increased risk for in-hospital AKI
4, 5).

In CKD, the progressive decrease in the glomerular
function leads to disturbances in the mineral
metabolism that generally cause secondary
hyperparathyroidism. This report provides an
overview of the most recent state of knowledge
concerning the mechanisms leading to the
development of hypermagnesemia in the CKD
setting (11). The dilated form of cardiomyopathy is
typically characterized by a wventricular chamber
enlargement, systolic dysfunction, normal wall
thicknesses of the myocardium, and mitral
regurgitation (12- 14). In this article, we discuss
whether hypermagnesemia is associated with
cardiomyopathy while we usually face
hypomagnesaemia induced cardiomyopathy.

Case Report

A 10-year-old boy presented to our PICU ward with
chief complaints of respiratory distress, chest pain,
vomiting, headache, lethargy, and weakness since
three days ago. He had a history of renal failure due
to posterior ureteral valve and underwent surgery for
a vesicostomy and obstruction repair. He received
supplements, vitamins, Eprex (Erythropoietin), and
ferrous sulfate for treatment of CRF. On physical
examination, he had respiratory distress and was
hypertensive and ill. The results of laboratory tests
were as follows: K: 4.2mg/dl, Na: 142mg/dl, Mg: 5.2
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mg/dl, FBS: 82mg/dl, BUN: 84 mg/dl, Creatinine:
6.2 mg/dl, VBG (pH: 7.21, HCO2: 5.9, PCO2: 14.7),
U/A (WBC: 0-1, RBC: 0-1, SG: 1.025, Sugar: 1+,
Ketone: 1+). He was admitted with a diagnosis of one
of renal failure complication. After admission, all
laboratory tests and cardiology consultation were
requested.

Discussion

The fact that our patient had cardiomyopathy in
association with hypermagnesemia does not clearly
establish a direct relationship. To date,
cardiomyopathy has been reported in some patients
with hypomagnesemia (11-13). These cases are
unusual for two reasons. First, concurrence of
hypermagnesemia and cardiomyopathy is rare in
chronic renal failure and there are no similar reports
in the literature. Second, the patients developed
hypermagnesemia during the course of this illness,
which is uncommon in none oliguric patient.

Most patients with a normal renal function rapidly
clear excess magnesium.

Intravenous hydration and loop diuretics can
accelerate this process. In severe cases, especially in
patients with underlying renal insufficiency, dialysis
may be necessary. Hemodialysis acts faster than
peritoneal dialysis. Exchange transfusion is another
option in newborn infants. Supportive care includes
monitoring of the cardiorespiratory status, fluid
therapy, and monitoring of electrolyte levels (1-3).
In our case, a 10-year-old boy presented with
respiratory distress, chest pain, vomiting, headache,
lethargy and weakness since three days ago. He had
none oliguric CRF and he was on hemodialysis from
one-year ego.

The risk of hypermagnesemia after CRF is small and
its concurrence with cardiomyopathy is rare (1-5).
The risk of hypermagnesemia after CRF depends on
the renal function, oliguria and adequacy of
hemodialysis (3). Serial evaluations of blood
electrolytes levels and measurement of cardiac
function are recommended every 3 months (1,15,16).

Conclusion

Regarding cardiomyopathy in association with
hypermagnesemia and none oliguric renal failure,
more studies are required to confirm the results of
this study because no similar findings have been
reported in other parts of the world. The possible
pathophysiological mechanisms are not clear and
more research is needed to find the reason. We
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recommend more studies on electrolyte imbalance in
CREF, especially larger, multi-center investigations.

Limitations of the Study

Our report was conducted in a restricted number of
patients and was single-center. We suggest more
investigations on this subject.

Acknowledgments
The authors would like to thank the patient and his
families for participation.

Author’s Contribution

Mohsen Akhavan Sepahi (MAS) and Rozita Hoseini
(RH) were the principal investigators of the study.
MAS and RH participated in preparing the concept,
design and revision of the manuscript and critically
evaluated the intellectual contents. The authors have
read and approved the content of the manuscript and
confirmed the accuracy or integrity of any part of the
work.

References

1. Oliver Devuyst, Hendrica Belge, Martin Konrad, Xavier
Jeunemaitre, Maria-Christina Zennaro. Renal Tubular
Disorders of Electrolyte Regulation in Children. In: Avner
E D, Harmon W E, Niaudet P, N Yoshikawa N, F Emma, S
L. Goldstein. Pediatric Nephrology, 7™ edition; Saunders,
Philadelphia- 2016, p 1226-1252.

2. Rajasreem Sreedharan, Ellis D. Avner. Chronic Kidney
Disease. In: Elder J, Behrman
RE, Kliegman RM, Jenson HB. Nelson textbook of
pediatrics 17" edition, Philadelphia: W.B Saunders
company 2011,1818- 1825.

3. Larry A. Greenbaum. Magnesium. In: Elder J, Behrman RE,
Kliegman RM, Jenson HB. Nelson textbook of pediatrics
21th edition, Philadelphia: W.B Saunders company
2020,404- 408.

4. Marquardt P, Spath M, Ebel H, Schumacher KA.
Improvement by chlorine of the intestinal absorption of
inorganic and organic Mg compounds and of their
protective effect against adrenergic cardiopathy. Recent
Adv Stud Cardiac Struct Metab. 1975;6:11-9.

5. Haider DG1, Lindner G2, Ahmad SS2, Sauter T2, Wolzt
M3, Leichtle AB4, Fiedler GM4, Exadaktylos AK2,
Fuhrmann V5. Hypermagnesemia is a strong independent
risk factor for mortality in critically ill patients: results from
a cross-sectional study. Eur J Intern Med. 2015
Sep;26(7):504-7. doi: 10.1016/j.ejim.2015.05.013. Epub
2015 Jun 3.

6. Lacson E Jr, Wang W2, Ma L3, Passlick-Deetjen J. Serum
Magnesium and Mortality in Hemodialysis Patients in the
United States: A Cohort Study. Am J Kidney Dis. 2015
Dec;66(6):1056-66. doi: 10.1053/j.ajkd.2015.06.014. Epub
2015 Jul 17.

7. Raymond Vanholder, Steven Van Laecke, Griet
Glorieux, Francis Verbeke, Esmeralda Castillo-Rodriguez,
2and Alberto  Ortiz Deleting Death and Dialysis:

10.

11.

12.

13.

14.

15.

16.

Conservative Care of Cardio-Vascular Risk and Kidney
Function Loss in Chronic Kidney Disease (CKD) Toxins
(Basel). 2018 Jun; 10(6): 237.

Mana Nishikawa, Noriaki Shimada, Motoko Kanzaki, , et
al. The characteristics of patients with hypermagnesemia
who underwent emergency hemodialysis. Acute Med Surg.
2018 Jul; 5(3): 222-229.

Giménez-Mascarell P, Schirrmacher CE, Martinez-Cruz
LA, Miller D. Novel Aspects of Renal Magnesium
Homeostasis. Front Pediatr. 2018 Apr 9;6:77.

Okuno S. Magnesium disorder and its clinical significance
in chronic kidney disease. Clin Calcium. 2012
Aug;22(8):1243-9.

Hénaut L, Chillon JM, Kamel S, Massy ZA. Updates on the
Mechanisms and the Care of Cardiovascular Calcification
in Chronic Kidney Disease. Semin Nephrol. 2018
May;38(3):233-250.

John R. Purvis, Assad Movahed, Magnesium Disorders and
Cardiovascular Diseases. Clin. Cardiol (1992). vl. 5, 556-
568. N Engl J Med. 1980 Mar 6;302(10):547-51.

Kurnik BR1, Marshall J, Katz SM. Hypomagnesemia-
induced cardiomyopathy. Magnesium. 1988;7(1):49-53.
Jack F. Price, Aamir Jeewa, Susan W. Denfield. Clinical
Characteristics and Treatmentof Cardiomyopathies in
Children. Curr Cardiol Rev. 2016 May; 12(2): 85-98.
Dimitrios A. Avramides, Stefan S. lonitsa, Fotis K. Panou,
et al. Dilated Cardiomyopathy and Hypoparathyroidism:
Complete Recovery after Hypocalcemia Correction.
Hellenic J Cardiol 2003.44: 150-154.

Jack F. Price, Aamir Jeewa, Susan W. Denfield. Clinical
Characteristics and Treatment of Cardiomyopathies in
Children. Curr Cardiol Rev. 2016 May; 12(2): 85-98.

Journal of Pediatric Nephrology | Volume 7| Number 2| 2019
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.


http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marquardt%20P%5BAuthor%5D&cauthor=true&cauthor_uid=128076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sp%C3%A4th%20M%5BAuthor%5D&cauthor=true&cauthor_uid=128076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ebel%20H%5BAuthor%5D&cauthor=true&cauthor_uid=128076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schumacher%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=128076
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hypermagnesemia+and+cardiomyopathy
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hypermagnesemia+and+cardiomyopathy
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haider%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindner%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sauter%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolzt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolzt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leichtle%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fiedler%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Exadaktylos%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fuhrmann%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26049918
https://www.ncbi.nlm.nih.gov/pubmed/26049918
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacson%20E%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=26190226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=26190226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26190226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Passlick-Deetjen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26190226
https://www.ncbi.nlm.nih.gov/pubmed/26190226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vanholder%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Laecke%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glorieux%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glorieux%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verbeke%20F%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castillo-Rodriguez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ortiz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29895722
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024824/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024824/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nishikawa%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29988705
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29988705
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanzaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29988705
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6028801/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gim%C3%A9nez-Mascarell%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29686978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schirrmacher%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=29686978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Cruz%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29686978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Cruz%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=29686978
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%BCller%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29686978
https://www.ncbi.nlm.nih.gov/pubmed/29686978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okuno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22846361
https://www.ncbi.nlm.nih.gov/pubmed/22846361
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A9naut%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29753400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chillon%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=29753400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29753400
https://www.ncbi.nlm.nih.gov/pubmed/?term=Massy%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=29753400
https://www.ncbi.nlm.nih.gov/pubmed/29753400
https://www.ncbi.nlm.nih.gov/pubmed/7351889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurnik%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=3288817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marshall%20J%5BAuthor%5D&cauthor=true&cauthor_uid=3288817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=3288817
https://www.ncbi.nlm.nih.gov/pubmed/3288817
https://www.ncbi.nlm.nih.gov/pubmed/?term=Price%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeewa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denfield%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4861947/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Price%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeewa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denfield%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=26926296
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4861947/

