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ABSTRACT
Hypomagnesemia secondary to cisplatin-induced nephrotoxicity is caused by a tubular defect that results 
in renal loss of magnesium.
The objective was to evaluate the effect of amiloride in patients with cisplatin-induced hypomagnesemia. 
To this end, we included nine cancer patients who were evaluated sequentially in three stages: without 
corrective treatment, with magnesium supplementation, and with combined treatment of magnesium 
plus amiloride.
Magnesium supplementation increased serum magnesium levels compared with no treatment (1.22 ± 0.07 
vs. 1.01 ± 0.13 mg/dl; p < 0.01), without reducing urinary magnesium excretion. The addition of amiloride 
produced a further increase in serum magnesium levels (1.38 ± 0.17 mg/dl; p <0.05) and was associated 
with a significant decrease in magnesium excretion and fractional magnesium excretion (p <0.01). No 
episodes of hyperkalemia were observed.
Amiloride reduced hypermagnesuria and increased serum magnesium levels in patients with cisplatin-
induced nephrotoxicity.

Keywords: magnesium deficiency; cisplatin; amiloride; toxicity; kidney disease.

doi: http://dx.doi.org/10.5546/aap.2026-11207.eng

To cite: Liern M, Soliz Ortega N, Miranda X, Vedia Heredia A, Jimenez R, Romero L. Amiloride for the treatment of cisplatin-induced hypomagnesemia. 
Arch Argent Pediatr. 2026;e202611207. Online ahead of print 1-OCT-2026.

This is an open access article under the Creative Commons Attribution–Noncommercial–Noderivatives license 4.0 International. 
Attribution - Allows reusers to copy and distribute the material in any medium or format so long as attribution is given to the 
creator. Noncommercial – Only noncommercial uses of the work are permitted. Noderivatives - No derivatives or adaptations 
of the work are permitted. 

https://orcid.org/0000-0002-2834-7845


Brief report / Arch Argent Pediatr. 2026;e202611207

2

INTRODUCTION
Cisplatin is one of the most widely used 

chemotherapeut ic agents;  however,  i t  is 
associated with numerous adverse effects, among 
which hypomagnesemia with increased fractional 
magnesium excretion (FEMg) is common.1-3 

For hypomagnesemia that is not corrected by 
magnesium (Mg2+), the addition of amiloride 
(a distal diuretic)—by reducing intratubular 
sodium reabsorption—decreases the intracellular 
negative potential, reduces potassium and proton 
secretion, promotes the intratubular influx of 
Mg2+ through the TRPM6 channel, and reduces 
magnesuria.4,5 Furthermore, blocking the epithelial 
sodium channel (ENaC) alters the membrane 
potential of distal tubule cells and increases the 
electrical gradient, allowing Mg2+ to enter via the 
TRPM6 magnesium channel.6,7

We hypothesize that amiloride reduces 
urinary Mg2+ loss, thereby increasing its serum 
concentration. The objective was to evaluate 
the effect of amiloride in pediatric patients with 
hypomagnesemia secondary to cisplatin-induced 
nephrotoxicity.

POPULATION AND METHODS
We present a retrospective case series with 

intra-individual comparison, treated between 
January 2024 and May 2026, including 9 patients 
with cancer and persistent hypomagnesemia, 
defined as a serum Mg2+ concentration below 
1.7 mg/dl associated with hypermagnesuria, as 
determined by an FEMg greater than 4%.8 All 
patients had persistent hypomagnesemia despite 
treatment with Mg2+ supplements for a period of at 
least 1 week before enrollment.

Patients with a glomerular filtration rate (GFR) 
of 90 mL/min/1.73 m2 or higher were included. 
Exclusion criteria included serum potassium 
levels greater than 5.5 mEq/L, chronic kidney 
disease, persistent gastrointestinal disorders, 
and hereditary tubulopathies (e.g., Gitelman 
syndrome, Bartter syndrome).

Each patient served as their own control, as 
they were evaluated sequentially in three stages:
• Without corrective treatment.
• With Mg2+ salt supplementation.
• With combination therapy using Mg2+ and 

amiloride, indicated in cases of persistent 
hypomagnesemia.
We monitored serum magnesium levels, 

urinary magnesium excretion, and FEMg.
Statistical analysis was performed using paired 

t-tests and the Wilcoxon test. A p-value <0.05 was 
considered statistically significant.

Ethical considerations
The protocol was approved by the Teaching 

and Research Committee of the Hospital General 
de Niños Ricardo Gutiérrez.

RESULTS
Fifty-two patients received cisplatin and 

hydration with 0.9% saline solution (3000 ml/m2/
day), initiated 6 hours before treatment, along 
with an oral supplement of Mg2+ gluconate (3 g/
m2/day). The cumulative dose of cisplatin was 
550 ± 145 mg/m2 (range: 400-720), administered 
as a continuous infusion, and calculated as 
the sum of the administered doses. The mean 
number of cycles was 4.7 ± 1.4 (range: 2-6).

T w e n t y - o n e  p a t i e n t s  d e v e l o p e d 
hypomagnesemia with hypermagnesuria and 
were prescribed 25% Mg2+ sulfate orally at an 
initial dose of 200 mg/kg/day of Mg2+ sulfate 
(range: 186-208),  wi th no changes to i ts 
formulation, or 20 mg/kg/day of elemental Mg2+ 
(range: 18.3-20.5), in 3 daily doses.

Finally, 9 of these 21 children—three girls 
and six boys—with a mean age of 5.5 years 
(range: 4.3-10.1), whose diagnoses were one 
hepatoblastoma, one medulloblastoma, two 
neuroblastomas, three osteosarcomas, one 
germ cell tumor, and one acute lymphoblastic 
leukemia (multiple relapse), due to an insufficient 
response to supplementation, were also given 
amiloride at a mean dose of 0.36 mg/kg/day 
(SD: 0.05), which was prescribed upon reaching 
the maximum tolerated dose of Mg2+ or due 
to diarrhea (n = 3), vomiting (n = 4), and/or 
unscheduled discontinuation (n = 2).

Adherence was good, and all participants 
completed the treatment without any adverse 
effects. The results of the three sequential phases 
were as follows:
•	 The mean serum Mg²+ concentration without 

treatment was 1.01 ± 0.13 mg/dl (95% CI: 
0.91-1.11); with Mg²+ supplementation, it 
was 1.22 ± 0.07 mg/dl (95% CI: 1.17-1.27); 
and with the addition of amiloride, it was 
1.38 ± 0.17 mg/dl (95% CI: 1.25-1.51).

•		 The mean magnesium excretion without 
treatment was 6.30 ± 0.48 mg/kg/day (95% 
CI: 5.93-6.67); with Mg2+ supplementation, it 
was 6.42 ± 0.46 mg/kg/day (95% CI: 6.07-
6.78); and with amiloride, it was 1.89 ± 0.27 
mg/kg/day (95% CI: 1.68-2.10).
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• The FEMg without treatment was 5.37 ± 0.69%
(95% CI: 4.83-5.90); with oral Mg2+, it was
5.71 ± 0.72% (95% CI: 5.16-6.27); and with
the addition of amiloride, it was 3.90 ± 0.17%
(95% CI: 3.77-4.03).
Compared with the untreated period, Mg2+

supplementation increased serum magnesium 
levels by 0.21 mg/dl (95% CI: 0.14-0.28; 
p = 0.00013 by paired t-test and p = 0.0078 by 
the Wilcoxon test).

Amiloride resulted in an additional increase 
of 0.16 mg/dl (95% CI: 0.03-0.28; p = 0.023 and 
p = 0.043, respectively).

The comparison between no treatment 
and combination therapy showed the greatest 
increase in serum magnesium levels, with a 
mean d i f ference of  0 .37 mg/d l  (95% CI : 
0 .21-0.52;  p   =  0.00057 and p  =  0.0078, 
respectively); however, even with the reduction 
in hypomagnesemia, the 9 children continued to 
have serum Mg2+ levels below 1.7 mg/dl until the 
end of the study (Table 1).

M a g n e s u r i a  d i d  n o t  d e c r e a s e  w i t h 
supplementation alone; in fact, a mean increase 
of 0.12 mg/kg/day was observed compared 
with the untreated period (95% CI: 0.01-0.24), 
as determined by a paired t-test (p = 0.038) 
and Wilcoxon test (p = 0.063). In contrast, the 
addition of amiloride significantly reduced FEMg 

compared with supplementation alone, the mean 
decrease was 4.53 mg/kg/day (95% CI: −4.95-
−4.12; p = 6.3 × 10-9 and p = 0.0039, respectively),
whereas for the untreated period it was 4.41 mg/
kg/day (95% CI: −4.85-−3.97; p = 1.4 ×10-8 and
p = 0.0039, respectively).

FEMg a lso  d id  no t  improve w i th  o ra l 
supplementation. A mean increase of 0.34% 
was observed compared with the untreated 
period (95% CI: 0.10-0.59; p  = 0.012 and 
p = 0.023, respectively). In contrast, the addition 
of amiloride significantly reduced this parameter: 
the mean difference was −1.81% compared with 
magnesium treatment (95% CI: −2.30-−1.32; 
p = 0.000027 and p = 0.0039, respectively) and by 
−1.47% compared with the untreated period (95%
CI: −1.94-−0.99; p = 0.00010 and p = 0.0039,
respectively) (Table 1 and Figure 1).

Three patients reported sporadic episodes 
of  muscle cramps, wi th no other c l in ical 
manifestations attributable to hypomagnesemia.

During treatment with amiloride, the mean 
potassium concentrat ion was 4.6 mEq/L 
(range: 3.9-5.1), with no cases of hyperkalemia 
reported, and the mean GFR was 96 ml/
min/1.73 m2 (range: 91-112).

T h e  t i m e  b e t w e e n  t h e  d i a g n o s i s  o f 
hypomagnesemia  and in i t ia t ion  o f  Mg 2+ 

supplementation was 13 days after the start 

Table 1. Variation in serum and urinary magnesium levels according to the treatment received by each 
patient

Patient	 Magnesium level (mg/dl)	 Magnesuria (mg/kg/day)	 Fractional Mg excretion (%) 

No	 Oral Oral No Oral Oral	 No Oral	 Oral 
 treatment	 elemental elemental	 treatment	 elemental	 elemental	 treatment	 elemental	 elemental 

Mg	 Mg + Mg	 Mg +		 Mg	 Mg + 
amiloride			  amiloride			  amiloride

1	 1 1.2 1.3 5.5 5.7 2.2 4.4 4.8 3.9
2 1.1 1.3 1.5 6.3 6.4 1.9	 4.8 4.7 3.8
3 0.9 1.1 1.4 6.1 6.5 1.8	 5.2 5.1 3.7
4 0.9	 1.2 1.4 6.9 7.1 2.1	 5.9 6.2 4
5 1 1.3 1.5 6.3 6.5 1.7	 5.5 6.1 4.2
6 1 1.2 1.6 5.9 6.4 1.9	 4.7 5.5 3.8
7 1.3 1.3 1.4 6.4 6.3 1.3	 5.9 6.4 3.9
8 0.9 1.2 1.3 6.2 6.2 2.1	 6.6 6.7 4.1
9 1 1.2 1 7.1 7.1 2 5.3 5.9 3.7

Mean 	 1.01 	 1.22	 1.38	 6.30	 6.42	 1.89	 5.37	 5.71	 3.90 
(95% CI) 	 (0.91-1.11) 	  (1.17-1.27) 	  (1.25-1.51) 	 (5.93-6.67)  (6.07-6.78) 	  (1.68-2.10) 	 (4.83-5.90) 	  (5.16-6.26)	 (3.77-4.03)

		 p <0.01			 p <0.01			 p <0.01

The results are expressed as means and 95 %confidence intervals (95% CI).
The lower limit of the reference range for serum magnesium concentration was set at 1.7 mg/dl, and the upper limit of the 
reference range for FEMg was set at 4%.



Brief report / Arch Argent Pediatr. 2026;e202611207

4

of cisplatin treatment (range: 11-15). The time 
from initiation of amiloride administration to the 
maximum recovery of serum magnesium levels 
was 13 days (range: 11-15). The mean duration of 
magnesium and amiloride administration following 
completion of the cisplatin regimen was 26 days 
(range: 18-33).

The mean duration of nephrological follow-
up for each patient was 96 days (range: 42-115).

DISCUSSION
Hypomagnesemia is a common complication 

of cisplatin-induced nephrotoxicity, resulting from 
acquired distal tubulopathy. It can affect up to 
90% of exposed patients.

Although renal impairment may persist for 
months or even years,9-11 we did not evaluate 
the recovery time for tubulopathy, but rather 
the initial therapeutic response. In this regard, 
we observed in our series that the addition of 
amiloride to supplemental Mg2+ therapy partially 
increased the serum concentration of this cation, 
without normalizing it, and was accompanied 
by a simultaneous decrease in magnesuria and 
hypomagnesemia. This biochemical change 
occurred 13 days after initiating amiloride 
treatment and involved a partial, early recovery 
of serum magnesium levels, without completely 

preventing renal loss. We speculate that these 
changes are related to the diuretic blockade of 
the ENaC,12,13 and to its action on the TRPM6 
channel.14,15

The study’s main strength lies in its intra-
individual design, which reduces inter-individual 
variabil i ty. On the other hand, among the 
limitations, we note the small sample size, the 
non-randomized design, and the possibility of 
spontaneous recovery of serum magnesium 
levels, which could not be assessed due to the 
limited follow-up period. However, these results 
provide a foundation for future prospective 
studies.

CONCLUSION
During the study period, adding amiloride to 

Mg2+ therapy reduced magnesuria and increased 
serum Mg2+ concentrations in patients with 
cisplatin-induced nephrotoxicity. n

Acknowledgments
To our hospital’s Oncology Department for 

including us in this teamwork.

REFERENCES 
1. Tong GM, Rude RK. Magnesium deficiency in critical

illness. J Intensive Care Med. 2005;20(1):3-17. doi:
10.1177/0885066604271539.

Figure 1. Changes in serum magnesium, urinary magnesium excretion, and fractional magnesium 
excretion throughout the three stages of treatment

CI: confidence interval.
Data are expressed as mean (± SD).

No treatment Oral 
magnesium

Oral magnesium  
+ amiloride

No treatment Oral 
magnesium

Oral magnesium  
+ amiloride

No treatment Oral 
magnesium

Oral magnesium  
+ amiloride

STAGE 1 STAGE 2 STAGE 3 STAGE 1 STAGE 2 STAGE 3 STAGE 1 STAGE 2 STAGE 3

STAGE 1 vs. STAGE 2

STAGE 2 vs. STAGE 3

STAGE 1 vs. STAGE 3

STAGE 1 vs. STAGE 2

STAGE 2 vs. STAGE 3

STAGE 1 vs. STAGE 3

STAGE 1 vs. STAGE 2

STAGE 2 vs. STAGE 3

STAGE 1 vs. STAGE 3

+0.12 mg/kg/day (0.01-0.24)

-4.53 mg/kg/day (-4.95-4.12)

-4.41 mg/kg/day (-4.85 -3.97)

+0.21 mg/dl (0.14-0.28)

+0.16 mg/dl (0.03-0.28)

+0.37 mg/dl (0.21-0.52)

+0.34% (0.10-0.59)

-1.81% (-2.30-1.32)

-1.47% (-1.94-0.99)

m
g/

dl

m
g/

kg
/d

ay

%

ABSOLUTE CHANGE IN THE MEAN (95% CI) ABSOLUTE CHANGE IN THE MEAN (95% CI) ABSOLUTE CHANGE IN THE MEAN (95% CI)

SERUM MAGNESIUM (mg/dl) MAGNESURIA (mg/kg/day) FRACCIONAL MAGNESIUM EXCRETION (%)

1.8

1.6

1.4

1.2

1.0

0.8

0.6

1.01
(± 0.13)

1.22
(± 0.07)

1.38
(± 0.17)

6.30
(± 0.48)

6.42
(± 0.46)

1.89
(± 0.27)

5.37
(± 0.69)

5.71
(± 0.72)

3.90
(± 0.17)



Brief report / Arch Argent Pediatr. 2026;e202611207

5

2. 	 Manohar S, Leung N. Cisplatin nephrotoxicity: a review of 
the literature. J Nephrol. 2018;31(1):15-25. doi: 10.1007/ 
s40620-017-0392-z. 

3. 	 Lam M, Adelstein DJ. Hypomagnesemia and renal 
magnesium wasting in patients treated with cisplatin. 
Am J Kidney Dis. 1986;8(3):164-9. doi:10.1016/S0272- 
6386(86)80020-8. 

4. 	 Amon O, Winkler K, Bläker F. 164 Reduced nephrotoxicity of 
cisplatinum by use of amiloride. Pediatr Res. 1986;20:1061. 
doi:10.1203/00006450-198610000-00219. 

5. 	 Heleno CT, Miranda H, Gotera N, Kloecker G. The Use of 
Amiloride and Sodium-Glucose Cotransporter 2 Inhibitors 
in Cisplatin-Induced Hypomagnesemia: A Case Report 
and Review of the Literature. Cureus. 2024;16(6):e62546. 
doi:10.7759/cureus.62546. 

6. 	 De Baaij JHF, Hoenderop JGJ, Bindels RJM. Magnesium 
in man: implications for health and disease. Physiol Rev. 
2015;95(1):1-46. doi:10.1152/physrev.00012.2014. 

7. 	 De Baaij JHF. Magnesium reabsorption in the kidney. Am J 
Physiol Renal Physiol. 2023;324(3):F227-44. doi:10.1152/ 
ajprenal.00298.2022. 

8. 	 Van Laecke S. An update on hypomagnesemia and 
hypermagnesemia. Kidney Dial (Basel). 2024;4(1):1-14. 
doi:10.3390/kidneydial4010001. 

9. 	 Oronsky B, Caroen S, Oronsky A, Dobalian VE, Oronsky 
N, Lybeck M, et al. Electrolyte disorders with platinum-
based chemotherapy: mechanisms, manifestations 

and management. Cancer Chemother Pharmacol. 
2017;80(5):895-907. doi:10.1007/s00280-017-3392-8. 

10. 	Nardelli L, Mohan A, Herrmann SM. Reinforcing the role of 
magnesium in preventing cisplatin-induced nephrotoxicity: 
real-world evidence and clinical implications. Clin Kidney 
J. 2025;18:sfaf212. doi: 10.1093/ckj/sfaf212. 

11. 	Pinard L, Adam JP, Chagnon M, Bollée G, Soulières D. 
Hypokalemia, hypomagnesemia, and hyponatremia are 
associated with acute kidney injury in patients treated 
with cisplatin. J Oncol Pharm Pract. 2025; 31:754-60. doi: 
10.1177/10781552241262248. 

12. 	Liamis G, Hoorn EJ, Florentin M, Milionis H. An 
overview of diagnosis and management of drug-
induced hypomagnesemia. Pharmacol Res Perspect. 
2021;9(4):e00829. doi:10.1002/prp2.829. 

13. 	Ellison DH, Maeoka Y, McCormick JA. Molecular 
Mechanisms of renal Magnesium Reabsorption. J 
Am Soc Nephrol. 2021;32(9):2125-36. doi:10.1681/ 
ASN.2021010042. 

14. 	Floris M, Angioi A, Lepori N, Piras D, Cabiddu G, Pani A, 
et al. The Clinical Spectrum of Acquired Hypomagnesemia: 
From Etiology to Therapeutic Approaches. Biomedicines. 
2025;13(8):1862. doi: 10.3390/biomedicines13081862. 

15. 	Blanchard A, Bockenhauer D, Bolignano D, Caló LA, 
Cosyns E, Devuyst O, et al. Gitelman syndrome: consensus 
and guidance from a Kidney Disease: Improving Global 
Outcomes (KDIGO) Controversies Conference. Kidney 
Int. 2017;91(1):24-33. doi:10.1016/j.kint.2016.09.046.




