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Abstract 
Objective: Magnesium is an important divalent cation with protean functions. Chronic Kidney disease (CKD) is the 

most common cause for hypermagnesemia. It is possible that CKD patients on Maintenance Haemodialysis (MHD) 

could have hypermagnesemia due to inadequate clearing of magnesium during dialysis. It is also possible that periodic 

haemodialysis could result in excess clearing of serum magnesium leading to a progressive hypomagnesemia. 

Information of the serum magnesium levels in patients with multiple sittings of MHD is not available. This study was 

undertaken to evaluate the impact of MHD on serum magnesium levels following multiple sittings of MHD. 

Material and Methods: 44 CKD patients on MHD were enrolled in the study after obtaining informed consent. Pre and 

Post dialysis samples were assayed for serum magnesium on a fully automated clinical chemistry analyser along with 

other renal parameters. 

Results: There was no significant difference between the mean of the pre and post dialysis serum magnesium levels. 

However, over a period of two months, it was found that there was a gradual decrease in the serum magnesium levels, 

and this difference was found to be statistically significant. 

Conclusion: The study shows that there is a mild but progressive decrease in the serum magnesium levels over multiple 

sittings of MHD. This needs to be monitored and supplemented as hypomagnesemia is associated with increased 

cardiovascular events in CKD patients. 
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1. Introduction 

Magnesium is the second most important 

intracellular cation present in the body. It is an essential 

co-factor to numerous enzymes, chiefly involved in the 

ATP production [1,2]. The major homeostasis of 

magnesium is maintained between the amount absorbed by 

the gut and the amount excreted by the kidney [1]. Hence 

it is not surprising that in Chronic Kidney Disease patient, 

the homeostasis of magnesium gets deranged. The signs 

and symptoms of hypomagnesemia and hypermagnesemia 

are very subtle and not easily detected, unless specifically 

looked for [1]. This is further compounded by the fact that 

the diagnostic facilities for estimating serum magnesium 

are not universally available. However, both 

hypomagnesemia and hypermagnesemia have profound 

clinical impact [3-10]. It is possible that in patients who 

are undergoing continuous haemodialysis there could be a 

systamatic derangement of serum magnesium that is not 

being picked up. It is possible that the haemodialysis is not 

removing the excess of serum magnesium which is 

expected in cases of CKD making the patient prone to 

hypermagnesemia. On the other hand, it is also possible 

that excess of magnesium is being removed by the dialysis 

and hence patients on CKD would be prone to developing 

hypomagnesemia on the long run with its own associated 

complications [9-11]. This study was undertaken to 

evaluate and monitor the serum magnesium levels in CKD 

patients who were receiving MHD at our center over a 

period of two months with a view to study if MHD had 

any impact on the serum magnesium levels. 
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2. Material and Methods 

 44 CKD patients on MHD were included in this 

study after obtaining their informed consent. The patients 

usually received MHD two to three times as week, for a 

duration of 2-4 hours. The dialysing fluid used was 

bicarbonate based and had a magnesium concentration of 

1.5 mEq/l. Pre and Post dialysis samples were collected 

every alternate week from each of these patients at the 

time of their dialysis setting and sent to the laboratory for 

estimating the serum urea, creatinine, sodium, potassium 

and magnesium levels. A total of four such samples were 

sent for every patient over a period of two months. Serum 

magnesium was estimated by the Xylidyl Blue dye binding 

method on a fully automatic clinical biochemistry analyser 

using the Transasia System pack as per the manufacturer’s 

instruction. The principle of estimation was that Serum 

Magnesium reacts with Xylidyl Blue to form a colored 

compound in alkaline solution. The intensity of which is 

proportional to the magnesium concentration in the 

sample.  Samples were repeated in duplicates and the 

average was taken as the final reading. The normal range 

of serum magnesium as per this method was 1.6 – 2.6 

mg/dL. In this method, the interference with calcium was 

prevented by the use of GEDTA. In every batch of sample 

analysis, Bio Rad QC sample was also run. As the study 

was designed to evaluate the impact of haemodialysis on 

the serum magnesium levels, the medication that the 

patient was receiving was not considered as a confounding 

factor. However, in none of the patient’s phosphate 

binding agents (known to contain magnesium) was freshly 

introduced in the treatment regimen during the study.   

Statistics: Paired t Test was done for comparing the 

means of the groups analysed. 

 

3. Results 

 A total of 44 patients were included in this study 

which included 28 males and 16 females. The mean age of 

the patients was 58 ± 9.3 yrs, with the youngest patient 

being 23 yrs old and the oldest being 87 years old. All the 

patients were receiving atleast two sittings of 

haemodialysis per week. The average serum creatinine in 

the patients (pre-dialysis levels) was 7.6 ± 3.1 mg/dL. 

There were 28 who had diabetic nephropathy leading to 

CKD. In three cases Adult Poly cystic kidney disease was 

the etiology for CKD. However in 13 cases in which the 

etiology of CKD was obscure. 

 The pre and post dialysis serum urea, creatinine 

and electrolytes of the patients are shown in Table 1.  

 

Table 1: Results of the pre and post dialysis samples 

Parameter n Pre dialysis Post dialysis p Value 

  Mean SD Mean SD  

Urea (mg/dL) 166 154.9 49.15 101.09 42.02 < 0.05 

Creatinine (mg/dL) 166 8.97 2.8 4.5 2.1 < 0.05 

Sodium (mEq/L) 166 137.21 6.29 141.49 7.8 <0.05 

Potassium (mEq/L) 166 4.89 1.04 4.05 0.82 <0.05 

Magnesium (mg/dL) 166 3.29 1.31 3.22 1.22 0.61 

 

Figure 1 shows the box and whisker plot of the 

pre and post dialysis samples of serum sodium, potassium 

and creatinine. A paired t Test was used to see if there was 

any difference between the levels of the electrolytes in the 

pre and post dialysis sample. It was found that there was 

significant difference between the mean levels of 

creatinine, sodium and potassium in the pre and post 

dialysis sample.  

 

Figure 1: Box and Whisker plot for serum sodium, potassium and creatinine levels in the pre and post dialysis 

sample. 
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In this study, we found that the mean pre-dialysis 

serum magnesium levels were 3.29 mg/dL (SD 1.31). In 

the first pre-dialysis sample, there were 35 cases who had 

hypermagnesemia with 16 patients having serum 

magnesium more than 3.6 mg/dL (significant 

hypermagnesemia). 3 samples had hypomagnesemia and 

there were 6 samples in which the serum magnesium 

levels were within the normal range.   A paired t Test was 

done to evaluate the difference between the mean serum 

magnesium levels in the pre and post dialysis sample. This 

difference was not statistically significant (p = 0.61).  

 Table 2 shows the data of the mean pre dialysis 

serum magnesium levels the four samples collected two 

weeks apart. There was a gradual decrease in the mean 

serum magnesium concentration over the period of 8 

weeks A paired t Test done between the first sample and 

the other three samples individually showed that there was 

a progressive trend of decrease in serum magnesium levels 

in the sample, with the difference between the mean of the 

first and fourth sample only being statistically significant 

(p=0.046).  Figure 2 shows the mean serum magnesium 

levels over the eight week period. 
 

Table 2: Bi weekly Pre dialysis serum magnesium levels 

Week n Mean SD p value (compared to the first week sample) 

First sample 166 3.57 1.2  

Second sample 166 3.7 1.3 0.35 

Third sample 166 3.36 1.27 0.124 

Fourth sample 166 3.31 1.31 0.046 
 

Figure 2: Graphical representation of the serum magnesium levels of the four samples collected for each patient 

in the study. 

 
 

4. Discussion 

 CKD is a common disease that is associated with 

lot of morbidity and mortality in the patients. Renal 

transplant has come as a therapeutic boon to a large 

number of patients of CKD. However, renal transplant is 

not universally available to meet the demands of the CKD 

population. Pending renal transplant, or as an alternative 

treatment protocol, MHD has provided a lease of life to 

many of the CKD patients. In India, diabetes is the most 

common cause of CKD. Sadly though, there are a 

significant number of CKD patients in whom the exact 

etiology is not clear. In our study, we had 13 cases (29%) 

in which we did not have a clear etiology for the CKD. 

 Disorders of the serum magnesium (both 

hypermagnesemia and hypormagnesemia) have been 

associated with worse outcome.  Hypermagnesemia is 

known to affect the conduction of impulse in the heart [5]. 

Hypermagnesemia affect bone metabolism and PTH 

secretion adversely [12].  In a study by Celi et al [6] 

hypermagnesemia was associated with lowering of blood 

pressure, and in patients at the ICU who had a serum 

magnesium level > 2.6 mg/dL, there was a greater likely-

hood of requiring vasopressors.  Hayashi et al [7] reported 

a case of HELLP syndrome who when into coma due to 

excess administration of magnesium sulphate and 

recovered following haemodialysis and reduction of the 

serum magnesium level. Hypermagnesemia is known to 

have some beneficial effects also, in that it is known to 

improve insulin sensitivity [13,14] retard the rate of 

vascular calcification in CKD patients. [15-16] 

 Limaye demonstrated that in critically ill patients 

who had hypomagnesemia, there was increased incidence 

of mortality, requirement of ventillatory support and 

longer duration of stay in the hospital [8]. It was also 

found that patients with hypomagnesemia tend to have a 

rapid deterioriation of renal function and development of 

cardiac events [17]. In a meta analysis conducted by Upala 

et al, they found that critically ill patients with 

hypomagnesemia had a significantly higher risk of 

mortality (RR = 1.9) and requirement of ventilatory 

support (RR = 1.65) [9]. Hypomagnesemia was associated 

with poor glycemic control [10,11] and magenesium 
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supplimentation was associated with improved glycemic 

control [13,14] 

 In this study, we evaluated the serum magnesium 

levels in the pre and post dialysis sample of patients over a 

period of two months. As the study was designed to see 

the impact of MHD on the serum magnesium levels in a 

temporal profile over a period of two months, we did not 

go into details of the treatment that patient was getting. 

However, phosphate binding agents, a known source of 

magnesium, was not started on any of the patients in the 

study. 

 The nature of the dialysisng fluid used has an 

impact on the serum magnesium levels. In a study done by 

Elsharkawy et al, it was found that acetate based dialysate 

resulted in a decrease in the bicarbonate levels following 

standard dialysis procedure and bicarbonate based dialysis 

fluid caused an increase in the serum magnesium levels 

[18]. In our study the dialysis fluid was bicarbonate base 

with a concentration of on 1.5mEq/L. We did not find any 

significant difference between the mean pre and post 

dialysis magnesium levels.  

In this study we found that nearly 79% (35 out of 

44) CKD patients had hypermagnesemia in the first pre-

dialysis sample with over 34% having significant 

hypermagnesemia. This needs to be viewed seriously and 

calls for a better monitoring of the serum magnesium 

levels in CKD patients considering the adverse clinical 

outcome of hypermagnesemia. Although there was no 

significant difference between the pre and the post dialysis 

serum magnesium  levels in our study, we noticed that, 

when out patients were followed over a period of two 

months, there was a gradual decline in the level of serum 

magnesium (Figure 2). 

This study has been done on a small cohort of 

patients and for a short duration of time. A larger 

multicentric study on CKD patients with probably a longer 

duration of follow up my give us a better understanding of 

the dynamics of serum magnesium following MHD in 

CKD patients. It is also known that the ionic form of 

magnesium is the metabolically active form [1,2]. Escuela 

et al found that in a study were 52.5% of the patients 

admitted to the ICU were hypomagnesemic. However only 

9.7% of them had actual ionic hypomagnesemia [19]. As 

our center did not have facilities for doing ionic 

magnesium level assay, we used a colorimetric method to 

estimate total serum magnesium levels. A study in which 

ionic magnesium is testes will probably throw more light 

on the hemodynamics of serum magnesium in CKD 

patients on MHD.     

 

5. Conclusion 

Our study has shown that a significant proportion 

of our patients on MHD (79%) have hypermagnesemia 

with nearly 39% having significant hypermagnesemia. 

Progressive MHD shows a gradual trend of decrease in the 

serum magnesium. While this may be beneficial in the 

wake of the light that most of our patients had 

hypermagnesemia, it also suggests risk of developing 

hypomagnesemia in the long run (with its associated 

complications) and hence needs to be monitored 

periodically. 
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