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Abstract:

Background: Critical illnesses imply vital organ dysfunctions with high risk of imminent death.
Magnesium is a bioessential element with multiple physiological effects relevant for vital body
functions. It stabilizes excitable membranes contributing to proper neuromuscular, cardiovascu-
lar and respiratory functions. lonized Mg2+ (iMg2+) is free bioactive form of Mg2+ in body fluids.
Magnesium disorders in critically ill patients are often overlooked. Chronic Mg2+ deficiency is a
condition of growing incidence in the general population and a significant factor in overall mor-
bidity and mortality in critical illness. Main goal of this study was to investigate the existing litera-
ture related to determination of iMg2+ in the critically ill and to raise awareness of the problem
of chronic Mg2+ deficiency in these patients. Methods: Search was conducted across electronic
PubMed library database from 1975 to November 2024 using keywords concerning iMg2+ and
critical care patients, to identify studies investigating the measuring of blood concentration of
iMg2+ fraction in patients with critical health conditions. Search was limited to English language.
Selection criteria included only studies on human, and excluded studies on animal population.
Results: We identified 95 relevant studies. Reviewed papers show that abnormalities of Mg2+
levels are prevalent in critical illnesses. Their severity can impose vital threat. Disconcordance
between total Mg2+ (tMg2+) and iMg2+ blood levels is frequently present in critical patients.
Conclusions: Appropriate electrolyte analyzer assay is needed to promptly determine iMg2+
levels to assess Mg2+ status in critically ill patients, in order to help detect and correct Mg2+
imbalances and estimate the requirement for Mg2+ recompense in the case of deficiency, and
thereby provide better outcome of the disease.
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INTRODUCTION

Critical care of hospitalized patients is needed at sur-
gery departments, emergency departments (EDs) and
intensive care units (ICUs). Critical care medicine re-
quires diagnostic procedures performed with critical
care portable or transportable instruments at or near
patient’s bedside which can eficiently guide patient
management and treatment. An important advance in
this field are key biochemical test with results quickly
available at point-of-care to the attending clinician.
Managing critically ill, critically injured and vitally en-
dangered patients among other things includes moni-
toring blood electrolytes in order to assess the status
of water and salt metabolism and detect its disorders
if present in the body, that can seriously influence pa-
tient morbidity and mortality. Electrolytes in the blood
are obligatory analytes in the profile of critical care
tests. Within a brief period of time these results can be

used to effectively guide stabilization of vital body
functions and general health condition of the critical
patient [1]. As an electrolyte, magnesium (Mg™) is the
fourth most abundant cation in the body. However,
clinical utility of measurable Mg is still underused.
Magnesium is unfortunately frequently absent from
the routine plasma or serum ionogram panels, and its
importance for general human health is still neglected.

Maintaining Mg* homeostasis in the body is important
for preserving numerous biological processes, includ-
ing vital body functions. Magnesium is a bioessential
mineral that plays numerous roles in a number of pro-
cesses important for living organisms on all levels. On a
subcellular and cellular level, Mg™ ion participates in
the regulation of ion fluxes of other cations (H", Na’, K"
and Ca™) through biological membranes [2]. This in-
cludes Mg™ regulation of function of ion pumps and
other ion transport mechanisms, oxidative phosphory-
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lation and cell energy meta bolism, as well as the pro-
cesses of cell excitability and conductivity and synaptic
neurotransmission. A stable concentration ratio for
major cations Na+ : K : Ca*" : Mg™" is preserved under
physiological conditions (cation isoiony), to help main-
tain normal level of neuromuscular excitability. On
tissue, organ, organ systems level and eventually the
level of organism as a whole, Mg*" participates in the
regulation of smooth muscle tone, skeletal muscles
and heart muscle contractility, arterial blood pressure
and pulmo nary blood flow, glycaemia and insulin lev-
els, protection against oxidative stress and chronic
inflam mation, and more.

Magnesium deficiency is an electrolyte disturbance
due to a low level of Mg™ in the body and adiagnostic
challenge. It is a much more prevalent type of disorder
of Mg™ homeostasis than Mg™ excess. Namely, there is
a significant decrease in dietary magnesium intake
over the past century. Magnesiumpoor foodstuff and
processed food are becoming common in the diet of
everyday life. Besides the inadequately low intake,
other causes can also contribute to the condition of
chronic Mg™ deficiency (gastrointestinal issues, in-
creased renal wasting, intracellular redistribution etc.).
Alcohol consumption increases magnesiuresis, adding
to the negative Mg™ balance. This subtle Mg* defi-
ciency is nowadays present in a large number of ap-
parently ”"normal” individuals, representing an issue of
rising medical impact in the general population. Chron-
ic Mg™" deficiency can remain asymptomatic, i.e. clini-
cally latent by releasing Mg™* from body pools (espe-
cially skeletal muscle and bone Mg™), maintaining sta-
ble Mg™ levels in the blood for a long time. These indi-
viduals would actually need adjustment of their diet or
supplementation with magnesium to achieve a normal
Mg™ status for health, and preserve adequate bone
density to prevent osteoporosis. Because of the ten-
dency of chronic subclinical Mg™ deficiency to become
even more prevalent, some authors believe that con-
cerning the concentration of total Mg™ (tMg™) in the
blood - a new appropriate lower limit of the reference
interval for health should be established, and recom-
mend increasing it to 0.85 mmol/L Mg™* [3].

Chronic latent Mg™ deficiency is considered to be es-
pecially prevalent in the developed and developing
countries and it occurs more often in the elderly then
in the young ones [4]. Because Mg™ has an important
role in the maintenance of stability of excitable mem-
branes and protection against oxidative stress and
chronic inflammation, chronic Mg™ depletion is as-

sumed to contribute to the pathogenesis of a number
of pathophysiological conditions and chronic non-
communicable diseases (cardiac arrhythmias, athero-
sclerosis, arterial and pulmonary hypertension, coro-
nary heart disease, certain forms of heart failure, bron-
choconstriction, epilepsy, migraine, tension headache,
neurodegenerative conditions, anxiety, depression,
chronic pain, etc.). One of the underlying mechanisms
can be an overall change in general function of excita-
ble tissues and organs in a form of low level hyperex-
citability that develops and chronically persists in the
state of chronic Mg™* deficiency [5].

Electrolyte disorders are common in hospitalized pa-
tients. Critical care patients are very susceptible to
alterations in electrolyte balance. Acute and chronic
disorders of Mg™ balance are also among common
electrolyte abnormalities in the critically ill. Surgical
patients frequently develop acute Mg™* deficiency with
a significant intraoperative and postoperative deple-
tion of Mg™, due to stress [6]. However, despite all
these findings, there is a big gap between basic Mg
research and clinical practicioners dealing with Mg*
disorders. Although the importance of Mg™ is scientifi-
cally well recognized, too little attention is paid to its
disbalances in clinical practice. Magnesium is still not a
regularly monitored electrolyte in ICU settings [7].
Given that the role of Mg™ homeostasis disorders is
clinically still often neglected, while Mg™ deficiency in
the body is rarely tested for, we believe that it would
be of great benefit to introduce into clinical practice a
routine monitoring of Mg status in patients at ICUs,
EDs and perioperatively, through the measurement of
concentrations of both tMg** and the fraction of ion-
ized Mg™ (iMg™) in the blood. This would alleviate
timely detection of the latent Mg™ deficiency, as a
relevant risk factor for critical diseases.

The authors generally aim to draw the attention of
clinicians, especially those working at ICUs or EDs
treating critically endangered patients, to the im-
portance of testing Mg™ status of the patient by
measuring not only tMg** concentration, but also (and
even primarily) the concentration of iMg™ fraction in
the blood, since iMg™ is a more specific marker of Mg™*
status of the body.

Present literature does not show uniformity in abbre-
viations used for the forms of circulating Mg™ (entire
Mg™ in the blood and its fractions). We believe that a
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generally accepted consensus on abbreviations for the
ionized fraction of Mg™ and total Mg™ is needed.
However, we consider that they should certainly in-
clude Mg™ (with a symbol of electrical charge includ-
ed), since this is one of the major electrolytes in our
body fluids. From a clinical point of view, it is very im-
portant to stress the electrophysiological implications
of Mg™ status alterations. Pathophysiology of disor-
ders of Mg™ balance includes inevitable effects on
excitable tissues and organs [5]. Concerning that most
of major vital body functions require regular neuro-
muscular excitability that Mg™* affects, we believe it is
important to rise awareness of clinical practitioners,
especially those dealing with critical conditions, of the
electropathophysiological consequences of Mg™ dis-
orders onto vital body functions. This specific aim ex-
plains why the authors decide to preserve the symbol
of ion charge in the superscript (** for Mg) wherever
this electrolyte is mentioned throughout the text, even
in terms of an analyte, although this is not in line with
the guidelines of the International Federation of Clini-
cal Chemistry and Laboratory Medicine for ionized
magnesium (which suggest only iMg as an abbrevia-
tion, [8]). Similarly, the very term »ionized« should also
be additionally explained. Here it can actually be con-
sidered a misnomer, given that all of Mg™ in the body
water is in ionized or ionic (and not atomic) form.
However, we decided to keep using this already popu-
larized term to refer to the free form of Mg*, unbound
to any anion.

We searched the PubMed library electronic database
from 1975 to November 30, 2024 using combinations
of the following keywords: ionized magnesium AND
critical care OR critical patients OR critically ill. Litera-
ture search was limited to scientific publications with
full text in English language. Articles from reference
lists included clinical studies (prospective and retro-
spective, observational studies and randomised con-
trolled clinical trials etc.) and review papers. Only stud-
ies and reviews concerning human population were
included, while studies on animals were excluded from
the search. Critical conditions from different medical
fields were included (coronary units, cardiopulmonary
surgery, neurocritical care, surgical intensive care, liver
diseases, renal diseases, obstetrics etc.), both in adults
and children. Blood samples for determination of Mg’
levels included whole blood, blood plasma and blood
serum. Applied methods for the measurement of Mg*
levels mostly included ion-selective electrodes, atomic
absorption spectrometry and dye binding method.

After screening the literature, articles of interest were
retrieved and examined. Subsequently additional pa-
pers of potential relevance were included.

This paper does not deal with preanalytical and analyt-
ical issues and problems concerning sampling, measur-
ing and reporting iMg™" in different blood samples, but
rather with pathophysiological and clinical aspects of
determination and monitoring of iMg™* concentrations
in critically ill patients in different clinical conditions. A
review of the literature was made on the importance
of monitoring the concentration of iMg™ fraction in
the blood of critical care patients, to raise awareness
of the problem of its insufficient clinical determination.
Additionally, chronic latent Mg™ deficiency in the body
is discussed to be an independent risk factor for the
onset and maintenance of many common chronic non-
communicable diseases, including those leading to life-
threatening conditions that endanger critically ill pa-
tients. The role of measuring iMg™ levels in discovering
chronic latent Mg™" deficiency is explained.

A total of 95 relevant articles were identified according
to defined search criteria over a 50-years long time
period. A relatively small number of studies found in
this literature search is a witness of insufficient clinical
concern for the questions of measuring iMg™ and as-
sessing Mg™" status in the critically ill, and/or objective
obstacles to reliably perform such measurements. A
misconception that normal tMg™" levels exclude disor-
ders of Mg™ balance probably contributes significantly.
One of the objective reasons is insufficient availability
of required specific electrolyte analyzers at ICU de-
partments due to high costs. Another potential reason
is a neglect of Mg™" as an electrolyte, seen in clinical
practice more or less in general and not restricted only
to critical care [3]. It seems that physicians do not re-
late adequately iMg™ levels and Mg™* status on one
hand, with vital body functions and critical conditions
on another. For comparison, when we performed the
same article search under the same criteria as for ion-
ized magnesium, only using ionized calcium as a key-
word, the number of articles found was four times
bigger than that for magnesium. This illustrates the
amount of neglect of Mg™* as compared to Ca** regard-
ing critical care patients. Infrequent detection of iMg™*
in clinical practice can partially be due to a lack of
standardization of diagnostic reference ranges [9].
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We summarized search results we found into several
chapters of this review to analyze the following select-
ed questions:

- Why is it clinically significant to measure Mg™*
concentrations in the blood?

- What total magnesaemia and ionized mag-
nesaemia represent?

- Can iMg™ be used as an indicator of Mg™" sta-
tus of the body?

- How to interpret the results of measuring
Mg’ concentrations in the blood?

- Why is it important to think of chronic Mg™
deficiency in the critically ill?

- How to guide the correction of disorders of
Mg status in critically ill patients using iMg™"?

Answers to the questions raised are presented by spe-
cific results of the previously published works identi-
fied in literature search, and discussed by the authors.

Measuring the concentration of individual electrolytes
in the blood helps determine electrolyte status in the
blood, which reflects the state of general electrolyte
metabolism in the body. Blood electrolyte findings are
informative and easily available, however, they are of
limited clinical value when it comes to monitoring the
overall body status of certain ions, namely the domi-
nantly intracellular ones. Distur - bances of Mg™ ho-
meostasis can lead to dysregulation of Mg™ levels in
the blood. Dys magnesaemia implies a disorder of
tMg™ concentration in the blood and occurs with a
variable frequency estimated to be about 2% in the
general population, 10-20% in the hospitalized pa-

Table 1. Dysmagnesaemias - clinical manifestations.

tients, 50-60% of patients at ICUs and up to 30-80% of
alcoholics [10]. Highly prevalent dysmagnesaemia in
the hospitalized patients is shown to have prognostic
value as a predictor of poor patient outcome. Abnor-
mal Mg™ levels are also very common in children ad-
mitted to pediatric ICUs and associated with higher
mortality [11].

The ICU and ED physicians should be aware of clinical
conditions that predispose to severe dysregulations of
Mg™ metabolism, as these patients develop profound
cardiovascular, respiratory, neuromuscular and neuro-
logical dysfunctions [12], due to a significant effect of
Mg™* disbalances on the physiology of excitable mem-
branes and their strong impact on a number of vitally
important body functions. This mainly results from
Mg™ being active on excitable membranes, which is
known for quite some time from basic electrophysiol-
ogy. For example, a number of studies since late 1960s
have described Mg*'-induced depression of membrane
excitability in central neurons [13][14]. Consequently, a
condition of Mg™ deficiency would disturb cation
isoiony, leading to a generalized state of membrane
hyperexcitability. Unfortunately, it seams like these
preclinical findings and knowledge have never been
fully implemented clinically. Similarly, the necessity to
include Mg™ into the laboratory diagnostics at the
point-of-care is not fully appreciated yet. However,
disorders of Mg homeostasis can directly affect heart
action, blood flow, breathing, neuromuscular excitabil-
ity and conductivity, and metabolism regulation [15].
Therefore, any dysmagnesaemia (both hypo- and hy-
permagnesaemia) is especially dangerous for the criti-
cally ill patient, implying its importance for the fields of
emergency medicine and intensivecare. sum-
marizes the most important disorders of vital functions
that dysmagnesaemias cause or contribute to.

arterial hypertension, tachyarrhythmias, coronary vasospasm, development of heart

Hypomagnesaemia

failure, epileptic seizures, hyperreflexia, skeletal muscle weakness (including

respiratory muscles), tetany, depression, migraine, hypokalaemia, hypocalcaemia

arterial hypotension, bradycardia, heart blocks, cardiac arrest, respiratory depression,

Hypermagnesaemia

muscle paralysis, confusion, lethargy, hyporeflexia - areflexia, decreased platelet

aggregation and blood clotting

Magnesium disorders can exist before or develop after
admission and progress during hospitalization. For
example, therapeutic plasma exchange in acute liver

failure patients induces a significant fall in Mg™ con-
centrations in the blood and a profound ionized hy-
pomagnesaemia [16]. Similarly, hypomagnesaemia is a
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common electrolyte disorder in patients with acute
kidney injury, in whom relevant additional electrolyte
losses via the filter may occur during treatment. Using
renal replacement therapy with citrate anticoagulation
or inadequate dialysis solutions can further worsen the
existing hypomagnesaemia, which imposes the need
to closely monitor Mg levels in these patients [17].

In all our body fluids, Mg™ exists in equilibrium be-
tween free form and bound forms of Mg™. Total Mg™
in the blood occurs in three forms: iMg™ (59-72%), Mg
bound to proteins (23-31%) and Mg™ bound in com-
plexes with various ligands (5-11%) [18]. Free Mg™* ions
are being continuously dynamically interchanged be-
tween the three Mg™ fractions in the blood: ionized,
protein-bound and ligandbound complexed Mg™.

shows the dynamic balance between Mg™ frac-
tions in the blood.

cellular iMg**
TISSUES
BLOOD
. 4.
iMg™*
Pr-Mg#* <=—=> ligand-Mg*
Figure 1.

The largest proportion of the total amount of Mg present in
the blood is in the form of free Mg** ions (iMg* : ionized Mg™).
The remaining part consists of bound Mg** (ligand - Mg** : Mg**
complexed with anionic ligands, and Pr - Mg**: Mg** bound to
plasma proteins). Only free iMg** is bioactive, while bound Mg**
is not available for biological processes. Binding of Mg** in the

plasma depends on the presence of plasma proteins, other
ligands and plasma pH value, especially important in critical care

patients. Extracellular iMg*" is in a dynamic equilibrium with
cellular and tissue iMg*". Pr — proteins

Fractions of Mg™ bound to proteins (mainly albumins)
and Mg” complexed with other anions (sulfates,
phosphates, bicarbonates, lactates, acetates, citrates,
oxalates, amino acids, free fatty acids, etc.) together
comprise bound Mg™. Bound Mg™ contributes to the
total pool of circulating Mg”* and represents a form of

Mg™ reservoir in the blood. However, bound Mg™ is
biologically inert, as it is not free to contribute to the
many physiological effects of Mg”. Thereby, tMg™
level which is usually measured due to the lack of al-
ternatives, has only limited informative value. Only
free iMg™ is the active fraction of the circulating Mg™,
always available for biological effects and easily ex-
changeable with intracellular Mg™. Hence, the main
Mg™* fraction in the state of preserved Mg™ homeosta-
sis and adequate Mg™ status of the organism is actual-
ly the iMg™.

Concerning reference ranges for Mg concentrations,
values depend on the sample used, themeasurement
method applied and the type of analyzer. Values can
also vary depending on the age and sex of the exami-
nee. On average, Mg”" levels are physiologically always
slightly higher in adults than children, and in men than
in women across all age groups [19]. However, current
literature does not show uniform reference ranges for
tMg™ and iMg™ levels. Some authors believe that de-
fined equations containing some routinely assessed
serum parameters (like tMg™ levels, Ca** levels and
albumin) and demographic variables can be used to
accurately estimate serum iMg™ levels, in order to
enable guided medical treatment and improved pa-
tient care by the treating physicians [18]. Others state
that iMg™" is difficult to calculate and suggest that it
should be directly measured in order to increase the
reliability of determination [20]. We also consider that
a reliable finding of iMg™ levels can only be obtained
by direct measurements and not by calculations. Ref-
erence ranges for Mg™ levels can vary depending on
the type of analyzer and should be given by the manu-
facturer. General reference intervals for healthy adults
are shown in [21].

Table 2. Concentrations of total Mg2+ (tMg2+) and

ionized Mg™" (iMg™") in the serum of healthy adult
subjects - reference values.

total magnesaemia (tMg“)

0.66-1.07
[mmol/L]

ionized magnesaemia (iMg2+)

[mmol/L] 0-43-0-54

Findings on Mg™" status in the blood are influenced by
changes in the level of hydration and circulating vol-
ume of a patient, as well as changes in plasma protein
homeostasis, since disorders of proteinaemia directly
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change the level of Mg™ fraction bound to plasma
proteins. Therefore, changes in protein-bound Mg™
level in conditions of hypoproteinaemia or hyperpro-
teinaemia lower or increase tMg™" respectively, with-
out influencing the level of free iMg2+ in the blood.
Since concentration of iMg™ in the blood can also vary
significantly under various pathophysiological condi-
tions, it is important to measure iMg™ separately. It is
greatly influenced by other homeostasis, such as the
acid-base balance. The acidity of the environment
greatly affects the dynamic balance between the free
iMg™* fraction and the albumin-bound Mg™ fraction
(due to a competition of H" and Mg™ for the same ion-
binding sites on plasma protein molecules). Therefore,
alterations of the acid-base balance affect Mg2+ sta-
tus, as they instantly and directly change iMg™ levels,
by changing the levels of protein-bound Mg** fraction
in the opposite direction. Namely, acid-base disorders
cause redistribution between iMg™ and protein-bound
Mg™ in the blood, so that acidosis increases, whereas
alkalosis decreases iMg™ blood levels, while tMg™ lev-
els remain unchanged.

Magnesium derangements are also common in critical-
ly ill children, both hypo- and hypermagnesaemia. In
pediatric patients admitted to a pediatric ICU, abnor-
mal serum levels of iMg™ are found more often than
abnormal serum levels of ionized Ca** [22]. In patients
admitted to ICU, monitoring iMg”* can improve chanc-
es for a favourable outcome, as it helps discover Mg’
disturbances associated with adverse ICU outcomes,
better that tMg™* [18][23]. Unfortunately, conventional
laboratory measurements from blood samples of the
examined subjects, including ICU patients, frequently
determine only tMg** concentration, not distinguishing
between different Mg™ fractions in the blood. There-
by, concerning Mg** levels in critically ill patients, clini-
cal practice in general is usually still limited to using
only total magnesaemia as the most common labora-
tory assessment of Mg™ status, while ionized mag-
nesaemia is regarded as an alternative or optional pa-
rameter, or it is not taken into consideration. It seems
that the low sensitivity of tMg™ levels as a biomarker
of Mg™ status is probably still little known among the
physicians [24]. Some authors suggest that iMg™ :
tMg™ ratio may be a valuable prognostic parameter
that should be investigated in future large-scale stud-

ies [25].

Blood is the most available sample of the extracellular
fluid which can readily be taken for laboratory analysis.
Although only a very small amount of body’s total
amount of Mg™ is found in the blood, assessing Mg’
status in the blood can be clinically used to evaluate
one’s general Mg™" status. Heparinized whole blood or
blood plasma are preferred specimens for Mg™ blood
tests, since using other anticoagulants (citrate, oxa-
late, EDTA) renders false low levels, as they bind Mg™*
into stable complexes. The observation of Mg* defi-
ciency in all examenees, and specifically in critically ill
patients should be obtained only by appropriate direct
measurements. This especially refers to the iMg™" lev-
els, as the active Mg™ portion. Protein-bound Mg** and
ligand-bound Mg> are not physiologically active,
hence, tMg™ in the blood does not reflect active Mg
status. Rather the level of iMg™ should be tested for
when diagnosing Mg2+ deficiency. Besides, free iMg™
is in a dynamic equilibrium in between all the body
fluid compartments, so that the concentration of iMg™
in the blood is approximately the same as the concen-
tration of free (ionized) Mg in the cells [5]. This fur-
ther confirms the statement that iMg™ is generally a
better indicator of Mg™ balance in the tissues and
body as a whole, than tMg™".

Although current ion-selective electrode technology
can be used to measure the concentration of iMg™ in
routine clinical practice, issues arise that may alter the
results of measuring, concerning sample choice (whole
blood, blood plasma or blood serum) and sample han-
dling, sample container material etc. [26]. There is a
need to standardize the measuring procedure in a way
that would interfere with iMg™ determination in the
slightest possible degree. In spite of the difficulties in
measuring, the level of iMg™ in the blood is still con-
sidered to be the preferred clinical biomarker of Mg*
status that can help identify critical care patients at risk
of adverse outcomes [9]. lonized Mg™ is actually being
considered as a promising new parameter for point-of-
care laboratory diagnostics and optimal support of
critical care patients for several decades already [27].
Its concentration in the blood can easily be measured
and monitored in clinical, even urgent settings, to pre-
vent the development of serious and potentially fatal
complications in critically ill patients [28]. However,
even today there is a certain undefined yet strong
practical inertia that still prevents realization of this
idea in daily clinical practice, probably mostly due to a
limited availability of the measuring instruments at
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departments. Zaloga et al. [29] state that ultrafiltera-
ble Mg™ values approximate iMg™ levels and offer an
alternative to iMg™ measurement when an ion-
selective electrode is not available.

Magnesium deficiency in the body is generally a clini-
cally under-recognized electrolyte imbalance, particu-
larly in critically ill patients, adults and children [19]. For
example, a significantly lower iMg™* level is found in
critically ill children as compared to healthy children
[30], although additional independent clinical studies
are needed on the role of disturbances in iMg™ in criti-
cally ill neonatal and pediatric patients [31]. In patients
with acute myocardial infarction in the first days after
the onset of acute chest pain simultaneous monitoring
of both tMg™* and iMg™ found stable tMg*" levels and
reduced iMg™" levels, whereby monitoring iMg** proved
to be clinically rather more useful than monitoring only
tMg™ in these patients [32]. Furthurmore, in ICU pa-
tients levels of iMg™ and tMg”* were found not to cor-
relate well in about 20% of cases. It is possible that an
ICU patient has e.g. a finding of normal iMg™ with a
reduced tMg™, or a finding of an increased iMg™* with a
normal tMg”™ (in both of these cases actually the level
of bound Mg™ is reduced, sometimes due to hypopro-
teinaemia). For example, in severe liver disease and
dysfunction, correction of Mg™ status guided by tMg™
levels may lead to patient overdose, due to present
hypoalbuminemia [23]. For such patients, therapy giv-
en only based on tMg”™ levels would actuallybe inapro-
priate, because it could iatrogenically induce hy-
permagnesaemia [20].

Concluding on what Mg™ status of a patient is only
according to the value of tMg™* levels is not only very
challenging, but can be quite erroneous. For example,
by measuring the concentrations of iMg™* and tMg™" in
patients at surgical ICUs, it was concluded that moni-
toring only tMg™ in patient’s blood in a large number
of cases can lead to making a medical error due to a
prescription of a wrong therapy that can even harm
the patient, since it relies on an unreliable decision-
making based on a false image of Mg™ status [33].
Total magnesaemia does not always accurately detect
true Mg™ status. Therefore, tMg™ as an isolated find-
ing is insufficient to enable adequate conclusion on
what Mg™ homeostasis of the subject is. Johansson
and Whiss [34] who found a week correlation of iMg™
and tMg™* serum levels in critically ill patients, conclude

that measuring and monitoring iMg”" is a more useful
test to estimate patients’ Mg™ status in order to pre-
vent serious and potentially fatal complications of
disease.

The interpretation of iMg™ levels among clinicians is
not entirely understood. To simplify the interpretation,
the correlation between ionized magnesaemia and
total magnesaemia can be presented graphically.

illustrates how Mg™ status of an examenee can
be incorrectly interpreted, if it is judged only by meas-
uring tMg™, without assessing iMg™* concentration in a
given subject.

iMg ** [mmol/L]
high high g
truly h
false low false normal ruly high
0.54
normal truly normal norma'l
false low false high
0.43
low low
truly low false normal false high
0.66 L.07 tMg 2+ [mmol/L]
Figure 2.

Magnesium status in the blood according to the results of
measuring concentrations of total Mg™ (tMg>*) and ionized
Mg>* (iMg*") in the blood. When interpretating the findings,
advantage should be given to the level of iMg™ as the bioactive

Mg** form. Magnesium status of an examenee can be high,
normal or low. Total magnesaemia is correlated with ionized

magnesaemia. Blood concentration of tMg™ is shown as a func-
tion of iMg** blood concentration.

Also mentioned are possible errors in concluding
about Mg™ status of the body based solely on the find-
ings of tMg™" levels in cases where levels of iMg* and
tMg™* do not show categorical agreement.

Magnesium status can be found to be low, normal or
high, whereby the probability of making a wrong con-
clusion (false vs. real) is high if iMg™ level is not includ-
ed into the measurement as well, and interpretation is
made only on the basis of the measured tMg™". We can
see how the finding of iMg™ can actually better define
what the actual Mg™* status is. For example, low falsely
normal Mg™ status can be caused by alkalosis of the
blood, a normal falsely low status — by hypopro-
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teinaemia, a normal falsely high - by hyperproteinae-
mia, and a high falsely normal Mg status - by acidosis.
Situations are clear when levels of iMg™ and tMg™" are
in accordance one to each other (either both normal or
both changed in the same way), so that Mg™* status in
the blood is truly normal, or truly low, or truly high.
However, in critical patients this is usually not the case,
because the presence of the underlying disease and
associated diseases and conditions (metabolic disor-
ders, heart failure, circulatory insufficiency, kidney
damage, neurological conditions, breathing disorders,
etc.) usually leads to discrepancies, causing weak mu-
tual correlation between ionized and total magne-
siaemia in the critically ill. Ignoring these effects on the
levels of the active form of Mg™ in the blood, or ne-
glecting to test for Mg™ status at all, and especially
including Mg™" in the treatment protocol without con-
sidering iMg™" first — all can lead to making a medical
error that can further worsen the condition of these
serious patients, due to the abovedescribed effects of
Mg’ on vital body functions.

Measurements show poor agreement between serum
levels of tMg™* and iMg"™" in adult patients admitted to
ICUs [35]. In a significant number (up to 1/3) of patients
in whom it was necessary to determine Mg™" status,
the changes in iMg™ and tMg™" levels were not in mu-
tual concordance (possible finding of an increase in
one concentration, with a simultaneous decrease of
the other, or vice versa, or only one of the two values
changed, while the other remains unchanged etc.). If
only tMg™ level is taken into account, a wrong conclu-
sion about Mg™ balance is often made, and sometimes
even a wrong decision regarding treatment. This refers
to both primary care patients and critically ill patients,
adults and children. For example, ionized hypomag-
nesaemia together with normal total magnesaemia is
present in many critically ill children, meaning that
based only on routine tMg™ testing they could not be
recognized as being Mg**-deficient [30].

Since circulating Mg™" levels in the critically ill are often
diminished predisposing them to many complications
and even vital threat [36], the focus of this paper is on
the group of critically ill patients in specific, due to a
frequent presence of many associated metabolic and
other disorders affecting iMg™ levels. These include
not only the disorders of the water-salt and acid-base
balance and plasma proteins, but additionaly the
changes in plasma concentrations of anionic ligands
that bind Mg™" ions into stable complexes. A significant
increase in the level of lactates occurs during shock,

citrates during transfusions of citrate-rich blood prod-
ucts, bicarbonates during their administration in the
treatment of acidosis etc.). Finally, it is not a rare occa-
sion for several such pathophysiological conditions to
arise simultaneously in the same patient, making met-
abolic conditions even more complex. Under such
conditions, the dynamic balance between different
fractions of Mg™ in the blood shifts almost instantly to
one direction or another. Therefore, frequent and sig-
nificant variations of iMg”* with or without the accom-
panying changes in tMg™" in critically ill patients require
the inclusion of iMg* measurement during Mg™* status
assessment in the critically ill [34].

Literature results are however not fully consistent, as
certain discrepancies in the conclusions of individual
studies can be found regarding tMg™* levels and iMg”*
levels as indicators of Mg™ status of the body. One of
the opposing opinions finds that tMg™ and iMg™" are
closely correlated, but does not find a correlation be-
tween tMg™ or iMg™ and the severity of illness in ICU
patients, whereby the authors conclude that iMg2+
does not need to be directly measured, but can rather
be inferred from tMg™ [37]. Other authors find an un-
predictable relationshipbetween tMg* and iMg™ levels
as measures of Mg™" status, and an unclear relationship
of Mg™ level disorders and patient outcomes. They
imply a limited current understanding of how to best
define Mg™ status and conclude that more systematic
studies of Mg in general critically ill patients are
needed [38]. Until a unified opinion and an agreement
on the value of iMg™ as a parameter to assess Mg™*
status is met in the scientific community of basic re-
searchers and clinical experts, the issue remains open
for further studies, but unfortunately the endangered
patients could also remain unattended.

Why do we stress so much the issue of measuring
iMg™* for Mg™ status and the issue of chronic Mg™ de-
ficiency in the critically ill patients? Reasons are many.
Mostly because of the prevalence of Mg™ deficiency
and its impact on the outcome. Magnesium deficiency
is a condition of depleted magnesium body stores as
discovered by the finding of a positive magnesium
retention in magnesium loading test. It is associated
with increased disease risks [24]. Current estimates are
that approximately 45-50% of Americans are magnesi-
um deficient [39]. However, there is still no simple, fast
and accurate laboratory test to determine the body’s
total Mg™ status in humans. Thereby practical assess-
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ment of the true Mg™ status is not an easy task. Initial
stage of chronic Mg™ deficiency is subtle and asymp-
tomatic, i.e. clinically latent, tMg™ levels are still nor-
mal, while Mg™ depletion is present only on a cellular
and tissue level [5]. This is the normomagnesemic type
of Mg™ deficiency, early in its natural course. Over
time, Mg deficiency slowly evolves (probably for
many years) until it also appears in the blood. It re-
mains subclinical until the level of hypomagnesaemia
of 0.6 mmol/L or lower is reached [19].

Since Mg™" is predominantly an intracellular cation, it is
dificult to determine Mg** deficiency in the body, espe-
cially in its early stage of clinically unmanifested tissue
Mg deficit in the presence of normal ionized and total
magnesaemia. Chronic latent Mg™ deficiency in the
body can only be detected by using special laboratory
tests not routinely performed in clinical settings in
general, nor in critical care settings, for example
measuring the intracellular concentration of Mg™.
Malon et al. [40] suggest using the concentration of
intracellular iMg™ in erythrocytes as a parameter to
establish reliable information on the functional Mg
status in critically ill postoperative patients. Measuring
urinary excretion of Mg™ before and after magnesium
loading is another test that can be performed to de-
termine Mg™ retention as a sensitive biochemical
marker of functional Mg™ deficiency. Although intra-
venous (i.v.) magnesium loading test is demonstrated
to be sensitive in detecting Mg™* deficiency, using this
assay to identify the condition in the critically ill has
practical limitations, as it is time-consuming and con-
traindicated in cases with renal impairment. Thereby,
many of these laboratory tests to assess Mg™ status
are usually not readily available to the practicing physi-
cian in ICU settings [3][41].

At present, the most commonly used method to assess
Mg™ status is still measuring blood concentration of
tMg™". This, however, may not be the best method to
evaluate Mg status, as it does not reflect total body
Mg™ stores. Blood levels of tMg™ depend on plasma
proteins and may change without necessarily affecting
the bioactive iMg™ fraction. Furthermore, the correla-
tion between tMg™ in the blood and total body Mg*
may be poor [42], since measurements can reveal
normal tMg™ despite the negative Mg™* body stores
[43]. For example, a large percentage of patients with
arrhythmias have an intracellular Mg™ deficiency, out
of line with serum Mg** levels, which may help explain

the rationale for the effectiveness of Mg™ as an ad-
junct antiarrhythmic agent [44].

Since each of these alternative laboratory assessments
has its own difficulties, complete procedure to assess
total body magnesium actually has a greater theoreti-
cal and scientific research significance, due to a lot of
practical limitations for their clinical implementation,
especially under circumstances of intensive and emer-
gency medical practice. At present there is no single
simple, rapid and accurate laboratory test to indicate
true Mg™* body status. This, however, cannot diminish
neither the prevalance, nor the clinical significance of a
negative Mg”* balance disorder in the critically ill. Re-
garding the ratio of iMg™ : tMg™" levels in the blood, a
study concerned with determining the prevalence of
Mg™* deficiency in critically ill patients found the pres-
ence of hypomagnesaemia (low tMg™) in 20-51% of
cases and reduced iMg™" levels in 14-66% of cases [45].
Thus, in a certain number of critically ill patients ion-
ized hypomagnesaemia is present despite normal total
magnesaemia, signifying the existence of a chronic
latent Mg™* deficiency in these patients, that had al-
ready depleted tissue Mg™ stores. Thereby, it is im-
portant for the operating clinicians at ICU departments
to always bare in mind the possibility of disturbances
of Mg™ balance and evaluate patients appropriately, if
possible. In the settings of chronic latent Mg* defi-
ciency already present in a patient, further Mg™* deple-
tion can easily develop under critical conditions, lead-
ing to a general state of hyperexcitability with system-
ic manifestations, including compromising patient’s
vital body functions [5].

On the mortality of critically ill patients due to severe
dysmagnesaemia there are still no complete data. Sev-
eral studies dealing with a practical question of why is
it necessary to measure Mg™ levels and assess Mg
status in critically ill patients, found multiple adverse
effects of Mg™ deficiency on vital body functions and
patient survival. Hypomagnesaemia is associated with
a statistically significantly longer stay in ICU, greater
need for mechanical ventilator support, higher risk of
sepsis and higher mortality in critically ill patients
[41][46]. More specifically, the development of ionized
hypomagnesaemia in critical patients during their stay
in ICU is associated with a worse prognosis due to
longer hospitalization, higher prevalence of severe
sepsis and septic shock, higher values of Sequential
Organ Failure Assessment (SOFA) score and higher
mortality rates. These findings point to a prognostic
value of monitoring the iMg™* levels [47]. On the other
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hand, hypermagnesaemia also represents a strong
independent risk factor for lethal outcome in critically
ill patients [48]. Hypermagnesaemia is a relatively rare
electrolyte disbalance in clinical practice, but potential-
ly life-threatening, as it is also associated with a longer
stay in the ward, greater need for mechanical ventila-
tion, and higher mortality [49]. We see that mortality
prediction is actually associated with significant dys-
magnesaemia of any type.

Despite literature findings of a frequently poor correla-
tion of tMg™ blood levels with total Mg™ body stores,
many hospitals face a major obstacle in that only few
can measure iMg”" levels and must rely on tMg™* levels
to guide replacement of Mg™. This is however likely to
be very inexact in the absence of iMg™ measurements
[50]. This review shows that clinicians should rely more
on measuring iMg”* levels, wherever possible, to assess
Mg™* status and determine whether supplemental Mg
is needed. Specific protocols for Mg repletion need to
be set according to indications. Before parenteral Mg
administration to a critically ill patient, it is also neces-
sary to set a target therapeutic level for iMg™ concen-
tration, to reach it and maintain it while monitoring the
patient. The dosage of a given Mg** preparation can be
adjusted according to achieved iMg™ levels as com-
pared to the set goal.

Correcting Mg™" status disorder guided by repeated
measurements of iMg™ helps to maintain sinus rhythm
of the heart in a critically ill patient. In coronary unit
patients it is necessary to maintain therapeutically
higher target iMg™* levels due to risk of fatal cardiac
arrhythmias, with a continuous electrocardiogram
(ECG) monitoring. For example, iMg™ levels should be
measured in patients with torsade de pointes type of
polymorphic ventricular tachycardia, especially if it
arises due to a drug induced QT interval prolongation
[51]. Intravenous administration of MgSO, can be used
as an effective antiarrhythmic treatment in acute man-
agement of cardiac arrhythmias in critically ill patients
with low serum iMg™ [52]. Close intraoperative moni-
toring of iMg™ andcorrection of its low levels should
be required during cardiopulmonary surgery to reduce
the risk of lifethreatening postoperative arrhythmias.
A reduced incidence of ventricular tachycardia and a
prolonged sinus rhythm duration can be achieved on
the first postoperative day in cardiosurgical patients
who receive Mg** supplementation administered par-

enteraly by giving MgsO, if iMg™ levels were below
critical limit of < 0.5 mmol/L [53].

While the importance of monitoring and maintaining
adequate Mg status in cardiology and cardiosurgery
is generally known, this is still not always the case in
clinical practices treating electrolyte disorders of neu-
rocritical patients. Neurointensive care as a relatively
new medical field dealing with neurocritical care and
treatment of patients with life-threatening neurologi-
cal conditions (stroke, craniocerebral trauma, sub-
arachnoid hemorrhage, status epilepticus, coma, brain
edema, brain tumors, meningitis, encephalitis, etc.).
However, an increasing preclinical and clinical
knowledge regarding the pathophysiological role of
Mg™ deficiency in the brain is recently acknowledged
in a number of neurological diseases: migraine, tension
headache, Alzheimer’s and Parkinson’s diseases, cere-
bral vasospasm, acute cerebral ischemia, traumatic
brain injury, increased intracranial pressure etc.
[11][54]- Therefore, in neurocritical patients it is also
necessary to check Mg™ status for the presence of
acute or chronic Mg imbalances. Given that Mg™
shows neuroprotective effects, good Mg™ status can
be considered to help improve the prognosis of these
patients [55].

Both types of dysmagnesaemias and unstable Mg™
levels in critically ill patients with different pathologies
are associated with worse outcomes, than in critically
ill patients with a preserved Mg status [56]. Clinical
studies and practice certify that correction of Mg”
disorders has an important role in critical care, espe-
cially as they often arise in association with disbalances
of other electrolytes (Na’, K" and Ca* ions) in the same
patient. Disorders of Mg** homeostasis in the blood are
best detected by the procedure of measuring iMg™
concentration which requires an analyzer with a Mg™*
ion-selective electrode, due to a need for rapid and
reliable test results. Therefore, ICU departments
should be equipped for an adequate Mg status as-
sessment, while physicians should be familiar with
therapeutic protocols for Mg”i.v. recompense. The
goal is to reach as close as possible to optimal Mg*
status which may make an important contribution to
primary and secondary disease prevention and to bet-
ter outcome in critical patients.

It is indicated to give Mg*" preparations for parenteral
administration after establishing Mg** deficiency, usu-
ally as a slow i.v. injection or infusion of MgSO, for at
least 20-30 min for each 1 g of MgSO,. Dose can be
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repeted if necessary, which is usually the case in the
depletion of total body stores of Mg™. Slow injection /
infusion time is important for adequate repletion, be-
cause Mg™* can get slowly distributed into the tissues,
but quickly eliminated by renal excretion [57]. After
administration, it is necessary to monitor Mg™ levels
again, in order to correctly assess whether the com-
pensation has been adequately carried out and the
target blood levels of Mg™ have been reached. Moni-
toring helps ensure that therapeutic range of Mg
levels (according to indication) is achieved, while pre-
venting overdose to toxic Mg™ levels considering the
risk of iatrogenic hypermagnesaemia. Magnesium
prophylaxis can be given for example to cardiac sur-
gery patients to reduce the incidence of atrial fibrilla-
tion, one of the most common heart rhythm disorders
in ICUs, associated with increased patient morbidity
and mortality [58]. There is an ongoing randomized
clinical trial that aims to determine the impact of peri-
operative continuous i.v. Mg™ infusion given in order
to achieve and maintain stable iMg™ levels in the se-
rum between 1.5 and 2.0 mmol/L, on the occurrence of
postoperative atrial fibrillation related to cardiac sur-

gery [59].

True Mg™ status of the body is in fact very difficult to
assess in the case of chronic latent Mg™ deficiency,
because it implies assessment of cellular and tissue
Mg™ stores. Namely, Mg™ is the second most abun-
dant intracellular cation. Therefore, Mg™ blood levels
may not reflect body Mg status, since only less than
1% of total body Mg*" is amenable to measurement in
the extracellular fluid. Because of this, normal levels of
Mg™ in the blood cannot be used to exclude deficient
body stores of Mg™ [6]. By far the largest portion of
total amount of Mg in the body (about 99%) resides
inside the cells. The remaining minor portion of total
body Mg™ present in the blood is what we deal with in
clinical biochemistry when trying to assess and correct
Mg™ status. Therefore, determining iMg™" levels cer-
tainly gives a more complete insight than knowing only
tMg™* levels of the subject in our attempts to be able
to recognize actual Mg™ deficiency. In fact, even those
two findings are sometimes insufficiently informative.
However, knowing that there is a dynamic balance
between the intraand the extracellular iMg™, we can
value ionized magnesaemia as a fairly good and dis-
criminating biomarker when estimating and monitor-
ing Mg status in a patient.

In any case, repeated measurements of iMg™ after
therapy aim to evaluate well Mg™ status in the blood,

after one part of the given dose of Mg has certainly
been distributed into the intracellular compartment,
which we can judge only indirectly (especially in critical
care patients, where treatment must be directed, fast
and efficient). However, as it is technically still impos-
sible to previously adequately clinically assess the ex-
act degree of the present tissue Mg™ deficiency in
patient’s body, we cannot either quite apropriately
estimate the dosage of the total amount of Mg re-
quired to adequately compensate for the total defi-
ciency. This, together with the constant risk of Mg™
toxicity due to overdose, justifies the need for repeat-
ed measurements of Mg™ during its parenteral admin-
istration.

Initial hypermagnesaemia is asymptomatic (just like
initial hypomagnesaemia), usually up to a level of
about 2.1 mmol/L of tMg™. Caution is therefore re-
quired when administering Mg”'. Together with the
control measurements of Mg™ concentrations, atten-
tion should also be given to physical findings. Hy-
permagnesaemia leads to muscle weakness (up to
paralysis), weak or lost muscle reflexes, and finally
cardiac arrhythmias and respiratory arrest. Magnesium
is considered to be a drug of a wide therapeutic range,
even when given parenterally, as it has low toxicity in
people with preserved kidney function. The risk of
hypermagnesaemia is high in patients with renal im-
pairment due to an insufficient urinary Mg™ excretion.
During parenteral Mg™* administration the patient may
complain of weakness, nausea and hot flashes, some-
times even a significant drop in tension (especially if
Mg™ is injected too quickly), due to its vasodilative
effect, which the patient should be warned about in
advance.

Physiological decrease in iMg™ levels occurs during the
last trimester of pregnancy. MgSO, is given in obstet-
rics for the prevention and control of convulsive sei-
zures during pregnancy and labour to women with
severe  pregnancy-induced hypertension  and
preeclampsia/eclampsia syndrome [19]. Magnesium is
often used in the ED and ICU to manage certain de
novo supraventricular and ventricular tachyarrhythmi-
as, and to treat hypomagnesemic tetany, pulmonary
hypertension, attacks of migraine and tension head-
aches, severe asthma exacerbations, refractory
hypokalaemia and hypocalcaemia, etc. For these given
indications it is necessary to set a targettherapeutic
concentration of iMg™, and monitor for the achieved
iMg™* levels during parenteral administration. Do the
benefitial therapeutic effects of Mg™ in treating the
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majority of the above-mentioned difficult, serious and
even life-threatening clinical conditions, actually speak
in favor of the frequently present chronic latent Mg™
deficiency participating in their etiopathogenesis
and/or in favor of the effectiveness of Mg™ as a simple
and safe (sometimes alternative or supplementary)
therapy for these conditions — remains yet to be de-
termined. We are still lacking properly designed and
conducted preclinical and clinical studies that could
adequately evaluate this question.

Disorders of water and electrolyte balance are among
the clinical problems most frequently encountered in
ICU, contributing to the overall morbidity and mortali-
ty of critically ill patients. Magnesium is an electrolyte
with very important pathophysiological perspectives
for critically ill patients for several reasons. Derange-
ments of Mg™ balance are commonly found in these
patients, which can result in poor clinical prognosis.
Additionally, they are frequently exposed to a number
of drugs that affect Mg™ status in the body. Neverthe-
less, Mg™ still does not manage to draw worthy clinical
attention at ICU departments [60]. The aim of this
paper was not to give a specific systematic review of
all available literature on the present day state-of-the-
art of measuring the concentration of iMg™ in the
blood of the critically ill patients, but rather to give an
explanation on the clinical importance of iMg”* meas-
urement in these patients, as this type of analysis is
not sufficiently applied in the clinical practice today.
Under physiological conditions, the concentration of
iMg™ comprises for about 2/3 of total circulating Mg
concentration. It is the only bioactive form of Mg* and
a more accurate indicator of the patient’s Mg™ status
than tMg™ concentration. Aditionally, it is possible that
changes in iMg™ levels do not correlate wellwith
changes in tMg™" in the same patient. Finally, iMg™ is a
valuable biomarker in critical care medicine consider-
ing the important role it has in proper function of ex-
citable tissues and vital organs.

Patients with impaired Mg status can rapidly be iden-
tified by point-of-care measurements of iMg™ levels.
Since ionized hypomagnesamia is shown to be a pre-
dictor of disease severity and mortality, the authors
recommend monitoring iMg”" levels in all patients ad-
mitted to ICU. It is necessary to correct the detected
disorder of Mg status in the overall care and man-
agement of these patients, as it significantly helps to
stabilize vital body functions in the critically ill, and

reduce their morbidity and mortality. Incorrect as-
sessment of Mg™ status based only on the measured
levels of tMg™* may lead to erroneous treatment deci-
sions. Given that iMg™ is the best currently clinically
available indicator of total body Mg™* status, its meas-
uring can help determine correctly the need and pro-
tocol for Mg™ repletion in the case that Mg™ deficiency
is found. Monitoring iMg™" levels during and after ther-
apy with parenteral Mg™ could help improve patient
outcome by enabling adequate control of the applied
protocol for Mg™ administration and replacement,
while suppressing the risk of possible iatrogenic hy-
permagnesemia in the critically ill. Replanishing Mg™ in
deficient patients upon admission to ICU can help re-
duce morbidity and mortality of vitally endangered
patients. New prospective clinical studies are needed
to accurately evaluate this benefit for different sub-
groups of critically ill patients at multispeciality wards
(cardiology, cardiosurgery, neurocritical, pulmology,
pediatrics, etc.), in terms of better treatment and sur-
vival of these patients [23].

The intention of this review is to give a thorough un-
derstanding of the value of measuring the concentra-
tion of iMg™ fraction in the blood in critically ill pa-
tients, as a specific indicator of Mg™ status of the
body. Chronic Mg deficiency likely to be present in
the critically ill and even more likely to deepen during
patient stay at intensive care, can significantly worsen
the outcome. Severe Mg™ deficiency induces the con-
dition of generalized hyperexcitability, directly affect-
ing vital body functions even up to the level of vital
threat. Better awareness of the possible Mg** deficien-
cy in the critically ill can result in a more adequate pa-
tient management and treatment. Its early detection
based on low iMg™ levels can guide Mg™ repletion and
help enable better prognosis for the critically ill. Con-
cerning Mg” replacement in critically ill patients whose
electrolyte analysis still shows Mg™ levels (both tMg™
and iMg™) within the reference ranges, in order to
replete Mg tissue stores and prevent further Mg™
depletion, there is currently very little evidence to
support its benefit. This is not considered in clinical
practice today, but should encourage future conduct
of conclusive basic and translational research studies
regarding the pathophysiology of chronic Mg™ defi-
ciency.
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ED, emergency department;

ICU, intensive care unit;

tMg™, total Mg™;

iMg™, ionized Mg™;

pH, potentia Hydrogenii (Latin);

Pr, protein;

EDTA, ethylenediamine-tetraacetate;

i.v., intravenous;

SOFA, sequential organ failure assessment;
ECG, electrocardiogram.
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Znacaj merenja nivoa jonizovanog magnezijuma u krvi kod kriticno
obolelih pacijenata

Sazetak:

Uvod: Kriticne bolesti podrazumevaju disfunkciju vitalnih organa sa visokim rizikom od preteceg
smrtnog ishoda. Magnezijum je bioesencijalni element sa viSestrukim fizioloskim dejstvima znacaj-
nim za vitalne funkcije organizma. Magnezijum stabilizuje ekscitabilne membrane, doprinosedi pra-
vilnoj neuromisi¢noj, kardiovaskulnoj i respiratornoj funkciji. Jonizovani Mg2+ (iMg2+) je slobodni
bioaktivni oblik Mg2+ u telesnim tecnostima. Poremecaji Mg2+ statusa kod kriticno obolelih pacije-
nata Cesto se zanemaruju. Hronicni deficit Mg2+ je stanje rastuce ucestalosti u opStoj populaciji i
predstavlja znacajan faktor ukupnog morbiditeta i mortaliteta kriti¢cno obolelih. Osnovni cilj ovog
rada je bio da se ispita postojeca literatura u vezi sa odredivanjem koncentracije iMg2+ kod kriti¢no
obolelih i da se podigne svest o problemu hroni¢nog deficita Mg2+ kod ovih pacijenata. Metode:
Sprovedena je elektronska pretraga bibliotecke baze podataka PubMed od 1975. do novembra 2024.
godine, koristedi klju¢ne redi koje se odnose na iMg2+ i kriticno obolele pacijente, da bi se identifiko-
vale studije koje su merile koncentraciju frakcije iMg2+ u krvi kod pacijenata sa kriti¢nim poremeca-
jima zdravlja. Pretraga je bila ograni¢ena na engleski jezik. Kriterijumi za odabir ukljucivali su samo
studije na ljudima i iskljucivali studije na Zivotinjama. Rezultati: Identifikovali smo 95 studija od znaca-
ja. Pregledani radovi pokazuju da su abnormalnosti nivoa Mg2+ veoma Ceste u kriti¢nim bolestima.
Tezi poremedaji mogu dovesti i do vitalne ugrozenosti. Neslaganje izmedu nivoa ukupnog Mg2+
(tMg2+) i iMg2+ u krvi Cesto je prisutno kod kriti¢no obolelih. Zaklju¢ak: U kriti¢no obolelih pacijena-
ta je neophodno odredivanje nivoa iMg2+ u krvi odgovaraju¢im elektrolitnim analizerom radi brze
procene Mg2+ statusa, otkrivanja i korigovanja poremecaja ravnoteze Mg2+, kao i procene potrebe
za nadoknadom Mg2+ u slucaju njegovog nedostatka, a u cilju da se obezbedi bolja prognoza ishoda
bolesti.

Kljucne reci: deficit magnezijuma; jonizovani magnezijum; kritiéno oboleli pacijenti; merenje magne-
zijuma
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