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To obtain information on the magnesium status of a patient, the measurement of the 
serum total magnesium concentration is still widely used in clinical chemistry. The first 
reports about a colorimetric determination were already presented in 1922 {1,2}. Since then 
a number of other methods for the determination of the serum concentration was developed. 
However, only about 1 % of the total amount of magnesium in the human body is present in 
extracellular fluid, which results in a concentration of 0.76-1.00 mmol/L in serum. 
Therefore, it is questionable whether the measurement of the extracellular total magnesium 
concentration is a good parameter for establishing the magnesium status of the body. It can 
be expected that intracellular measurements give a more reliable picture. The more so, 
since the main function of magnesium is in intracellular compartments {3}. Several studies 
have been focused on the measurement of intracellular magnesium, using different 
techniques and different types of cells. Reported concentrations varied strongly, as well as 
their relationship with serum levels {4}. 

The measurement of the biologically active ionized fraction in serum as a marker for 
the magnesium status is another approach, since this fraction might be a reflection of the 
free intracellular level. In 1990 the first report about magnesium measurements in serum 
with an ion-selective electrode was published, followed by evaluation studies in 1994 
{5,6,7}. 

The studies presented in this thesis were performed to answer the following 
questions: 

1. What is the analytical reliability of the magnesium measurement in serum with an 

ion-selective electrode; 
2. Does the new magnesium parameter, serum ionized magnesium, add useful 
clinical information about the magnesium status of the patient. 

These questions are dealt with in the two main parts of this thesis. In Chapters 3, 4, 5 and 
6, the technical aspects such as analytical reliability of the ionized magnesium 
determination, and the measurement of intracellular levels is described. Chapters 7 and 8 
deal with the application of these techniques in two different patient populations: 
hemodialysis patients known for hypermagnesemia, and a population of critically ill 
patients known for a high prevalence of hypomagnesemia. 

In more detail, the outline of this thesis is as follows. As an introduction into the 
subject, this thesis starts with a chapter consisting of a review about six clinical situations 
related to magnesium (Chapter 2). Issues addressed are the physiological role of 
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magnesium, eventual changes in its levels and how these best can be monitored. 

In Chapter 3 the results of an evaluation of a magnesium ion-selective electrode, the 
KONE Microlyte 6, are presented. The analytical performance was established and pre-
analytical criteria like the influence of heparin, which is a widespread anticoagulant in 
clinical chemistry, were evaluated. 

In Chapter 4 the application of the magnesium ion-selective electrode is further 
looked at. Its results are compared with a previously published indirect technique for the 
measurement of serum ionized magnesium. Moreover, a theoretical approximation of the 
fraction serum ionized magnesium is presented and its results are compared with measured 
ones. Based on a combination of ultrafiltration and ion-selective electrode measurements, 
all serum magnesium fractions (ionized, complexed and protein-bound magnesium) were 
established in a group of continuous ambulatory peritoneal dialysis patients and compared 
with measured magnesium values in healthy volunteers. 

Since next to the KONE Microlyte 6 two other analyzers for the determination of 
serum ionized magnesium became commercially available, we started a comparison study 
of these three instruments. The results of this comparison study are presented in Chapter 5. 

An answer to the question whether the serum ionized magnesium concentration 
might be a reflection of the intracellular level only can be given when the latter 
determination can be performed reliably. Therefore, Chapter 6 gives a detailed overview of 
the precision of the measurement of the total magnesium concentration inside mononuclear 
blood cells and erythrocytes. 

A combination of intra- and extracellular measurements is applied in a study in 
hemodialysis patients, as described in Chapter 7. 

In Chapter 8 the relation between intra- and extracellular magnesium concentrations 
and their role in outcome prediction was studied in critically ill patients. Moreover, the 
relation between ionized magnesium, total magnesium and albumin in serum of these 
patients was evaluated. 
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