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lonized magnesium
In critical care

Expanding the laboratory’s role from
measurement to clinical impact

By Martin Ekiti, MD, MPHc

agnesium is the fourth most
M abundant cation in the human

body and a cofactor in hundreds
of enzymatic reactions. Despite its phys-
iologic importance in cardiovascular
stability, neuromuscular transmission,
and energy metabolism, magnesium
remains under-recognized in routine
laboratory practice. Dysmagnesemia is
common in hospitalized and critically
ill populations, yet magnesium testing
is frequently under-requested, under-
interpreted, or disconnected from
clinical action, usually omitted from
standard biochemistry panels and even
from the complete metabolic panel in
clinical settings."?

As laboratory professionals increas-
ingly transition from analytical service
providers to active participants in
clinical decision-making,’ magnesium
testing, particularly ionized magne-
sium (iMg), represents an opportunity
to improve patient outcomes through
accurate, physiologically relevant
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measurement and more strategic test
utilization. Beyond simply generat-
ing results, laboratories are uniquely
positioned to help clinicians iden-
tify high-risk patients, guide timely
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LEARNING OBJECTIVES

Upon completion of this article, the reader will be able to:
1. Identify the physiological roles of magnesium and
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electrolyte assessment, and support
evidence-based supplementation
strategies in critical care settings. In this
evolving role, magnesium testing serves
not only as a diagnostic tool but also as
an example of how laboratory-guided
demand management can help ensure
that the right test is performed at the
right time to better inform patient care.
The clinical significance of dysmagne-
semia is best appreciated when viewed
through its real-world impact on patient
care.The following clinical vignettes il-
lustrate how both hypomagnesemia and
hypermagnesemia can influence patient
outcomes and why accurate assessment
of magnesium status may be clinically
relevant in critical care settings.
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the clinical consequences of hypomagnesemia and

hypermagnesemia.

2. Differentiate between total magnesium and ionized magnesium testing and
explain their clinical relevance in critical care settings.

3. Analyze clinical case studies to determine how magnesium disturbances can
affect cardiovascular, respiratory, and neuromuscular function.

4. Evaluate the role of laboratory professionals in improving patient outcomes
through magnesium testing, reflex testing strategies, and interpretive reporting.
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Case study 1: Hypomagnesemia
associated with medication use’
A case reported by Hansen and col-
leagues described a 40-year-old female
patient presenting with nonspecific
symptoms including nausea, fatigue,
and diarrhea. Initial evaluation focused
on gastrointestinal causes and routine
laboratory testing, but magnesium levels
were not assessed. The patient was admit-
ted for acute renal failure, subsequently
experienced loss of consciousness and
required hospital admission before mag-
nesium deficiency was identified as the
underlying cause. She was discharged
on day 14 with a short course of oral
magnesium supplements but needed to
be readmitted three months later, with
another episode of hypomagnesemia.

Further investigation revealed chronic
use of proton pump inhibitors (PPIs), a
class of medications known to impair
intestinal magnesium absorption. Pro-
longed PPI therapy has been associated
with clinically significant hypomag-
nesemia, sometimes presenting with
neuromuscular irritability, electrolyte
disturbances, or cardiac arrhythmias.
Because symptoms of magnesium
deficiency are often nonspecific, the
diagnosis may be delayed unless mag-
nesium testing is included early in the
diagnostic workup.

This case illustrates how hypo-
magnesemia may remain undetected
during routine clinical evaluation and
highlights the importance of consider-
ing magnesium status, particularly in
patients receiving medications known
to affect magnesium homeostasis. Early
assessment of magnesium levels could
potentially prevent clinical deterioration
and avoid readmissions.

Case study 2: Electrolyte
disturbance and respiratory
compromise*
Another reported case described a
42-year-old male patient who developed
symptomatic hypermagnesemia associ-
ated with neuromuscular weakness and
respiratory compromise in the periop-
erative setting for an indicated tricuspid
valvuloplasty.The patient received pro-
phylactic magnesium supplementation
perioperatively and without any prior
assessment of the magnesium level. He
experienced progressive muscle weak-
ness, diminished reflexes, and impaired
ventilation, ultimately requiring clinical
intervention to correct the electrolyte
disturbance.

Magnesium’s role in neuromus-
cular transmission explains these
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manifestations. Elevated magnesium
levels reduce calcium-mediated ace-
tylcholine release and impair skeletal
muscle contraction, which can weaken
respiratory muscles and contribute to
hypoventilation. Importantly, symptoms
of dysmagnesemia, including fatigue,
muscle weakness, and altered mental
status, may initially appear subtle and
overlap with other critical care conditions.

This case highlights the importance of
recognizing magnesium disturbances as
potential contributors to respiratory dys-
function. In settings where magnesium
supplementation is used therapeutically,
such as severe asthma exacerbations,
cardiac surgery, or obstetric care, labo-
ratory monitoring of magnesium levels
may help clinicians balance therapeutic
benefits with the risk of excessive mag-
nesium exposure.

These cases demonstrate that mag-
nesium disturbances can present with
nonspecific symptoms yet have signifi-
cant physiologic consequences affecting
cardiovascular and respiratory function.
For laboratory professionals, they un-
derscore the importance of accurate
and timely assessment of magnesium
status. While total magnesium testing
remains widely used, increasing atten-
tion is being given to ionized magne-
sium, the biologically active fraction,
which may provide additional clinical
insight in critical care settings where
rapid physiologic changes are common.

Magnesium physiology: Why
ionized magnesium matters
Most of the body’s magnesium is found
intracellularly in bone and soft tissue.
Of the extracellular portion, 55-70%
circulates as free, ionized magnesium
(iMg), while the remainder is bound
to proteins or complexed with anions.!
Total serum magnesium is widely
available and sufficient for many routine
clinical applications. However, total
magnesium may not reliably reflect
biologically active magnesium in condi-
tions involving the following:
® Acid-base disturbances
¢ Hypoalbuminemia
* Major surgery
e Critical illness
e Rapid shifts in plasma protein
binding
In these contexts, the ionized fraction
may better reflect the magnesium avail-
able for electrophysiologic and enzymatic
processes.® Ion-selective electrode tech-
nology allows measurement of iMg at
the point of care in whole blood, plasma,
or serum, enabling rapid assessment in

time-sensitive settings and supporting
timely clinical decision-making.®

lonized magnesium

in cardiac care

Cardiac surgery and

acute kidney injury

Magnesium is commonly supplemented
in patients undergoing cardiac surger-
ies, especially those involving cardiopul-
monary bypass. Magnesium elimination
is tightly controlled by the kidneys to
ensure homeostasis.Therefore, patients
with renal insufficiency are at increased
risk of abnormal levels of magnesium
in the blood.

Magnesium plays a dual and complex
role in cardiac surgery. Preoperative hy-
pomagnesemia has been associated with
increased postoperative acute kidney
injury (AKI). In a large cohort study of
9,766 cardiac surgery patients, those
in the lowest quartile of preoperative
magnesium had a 1.53-fold higher risk
of postoperative AKI compared to the
highest quartile.” Preoperative hypo-
magnesemia was also independently
associated with AKI requiring dialysis
for resolution.’

At the same time, indiscriminate mag-
nesium supplementation may also pose
risk. A multicenter study demonstrated
that higher early postoperative serum
magnesium levels were associated with
increased AKI risk, with an adjusted
odds ratio of 1.46 per 1 mg/dL increase.®

These findings underscore a critical
principle: magnesium management in
cardiac surgery should not be reflex-
ive, it should be informed to optimize
patient outcomes.

Given the acid-base and protein
shifts common during cardiopulmo-
nary bypass, measurement of iMg may
provide a more physiologically relevant
assessment of magnesium status than
total magnesium alone.’

Arrhythmias and
electrophysiologic stability
Magnesium is essential for myocardial
membrane stability. Hypomagnesemia
is associated with the following:'*"
e Atrial and ventricular arrhythmias
* Prolonged PR and QT intervals
¢ Increased susceptibility to tors-
ades de pointes
Magnesium supplementation is rou-
tinely used in cardiac surgery to reduce
postoperative arrhythmias," yet the
variability in magnesium pharmacoki-
netics across patients suggests value in
individualized monitoring rather than
empiric dosing.
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Clinical Setting
Cardiac Care

Pathophysiologic Issue

Limitation of Total Magnesium

Value of lonized Magnesium

Cardiac Surgery and
Acute Kidney Injury

Acid-base disturbances, hemodilution,
protein binding shifts, and renal stress
during cardiopulmonary bypass

Total magnesium may not accurately
reflect biologically active magnesium
during rapid perioperative
physiologic changes

iMg provides a more physiologically
relevant assessment to guide
informed supplementation and
reduce AKI risk

Arrhythmias and
Electrophysiologic
Stability

Magnesium imbalance contributes
to atrial and ventricular arrhythmias,
prolonged QT, and torsades de pointes

Normal total magnesium can mask
true electrophysiologically relevant
deficiency

iMg identifies the biologically active
fraction critical for myocardial
membrane stability

Respiratory Care

Mechanical
Ventilation and
Critical lllness

Hypomagnesemia associated with
respiratory muscle weakness,
prolonged ventilation, and increased
ICU mortality

Total magnesium is less actionable
for rapid, real time respiratory
decision making

Point of care iMg enables timely
assessment and integration

into ventilator and electrolyte
management

Acute Asthma and
Bronchospasm

IV magnesium used therapeutically to
relieve bronchospasm during acute

Laboratory testing for total
magnesium is impractical during

iMg allows real time monitoring and
individualized dosing to balance

exacerbations

short treatment windows

efficacy and safety

Laboratory Practice

Demand Management: From Reactive to Proactive Testing
Dysmagnesemia is under recognized due to under requesting and delayed clinical action. Reliance on total magnesium alone limits timely
identification of clinically significant abnormalities. Laboratory driven strategies (reflex testing, targeted screening, interpretive comments, and
point of care iMg) help ensure the right magnesium test is ordered, interpreted, and acted upon in high risk populations.

Table 1. Summary of the clinical value of ionized magnesium in critical care.

From a laboratory perspective, in-
corporating iMg measurement into
cardiac surgery workflows may allow
the following:

e Identification of true magnesium
depletion despite normal total
levels

e Prevention of overcorrection in
patients with impaired renal clear-
ance

® More precise perioperative elec-
trolyte management

lonized magnesium in
respiratory care

Magnesium influences bronchial
smooth muscle tone, neuromuscular
transmission, and inflammatory path-
ways. Hypomagnesemia may contribute
to bronchospasm, respiratory muscle
weakness, and prolonged ventila-
tor dependence.

Mechanical ventilation
and critical illness
In ICU populations, hypomagnesemia
has been associated with the following:"
* Increased mortality
e Higher rates of mechanical ventila-
tion
¢ Longer ICU stays
Respiratory therapists and intensiv-
ists frequently rely on blood gas ana-
lyzers for rapid decision-making. When
iMg is available on these platforms,
magnesium status can be integrated into
ventilator management and electrolyte
correction strategies in real time.
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Acute asthma and bronchospasm
Intravenous magnesium sulfate is used
in moderate-to-severe asthma exacerba-
tions. Several studies have evaluated IV
magnesium as an adjunctive treatment
in children with acute asthma. Magne-
sium supplementation in these patients
has been shown to reduce the need for
hospitalization by as much as 70%."*"
A common side effect of empiric sup-
plementation in this patient population
is hypotension and clinical trials over
time have tested different regimens of IV
magnesium, ranging from 25mg/kg over
20 minutes to 75mg/kg over 20 minutes
with varying outcomes. Consequently,
no consensus currently exists regarding
the optimal IV magnesium regimen in
these patients, thereby highlighting
the opportunity for individualized
supplementation.
Given the impracticality of
laboratory-based testing for total serum
magnesium with treatment durations
under an hour, point-of-care ionized
magnesium provides a unique oppor-
tunity to set iMg-based therapeutic
thresholds in these patients.
For laboratory professionals, collabo-
ration with respiratory and critical care
teams presents an opportunity to:
¢ Educate clinicians on the physi-
ologic relevance of iMg
¢ Align magnesium testing with
ventilator weaning protocols

* Integrate magnesium interpre-
tation into arterial blood gas
reporting

Demand management: Moving
from reactive to proactive testing
Magnesium is often described as a“for-
gotten electrolyte.” Under-requesting
remains a larger problem than overuse.

The evolution of laboratory medicine
from analytical processor to clinical
decision hub requires attention to
both pre-analytical (test selection)
and post-analytical (result utilization)
phases. Salinas et al. describe demand
management (DM) and result manage-
ment (RM) strategies that significantly
improved identification and treatment
of hypomagnesemia.

Demand management
interventions
Examples of automated labora-
tory-based interventions include
the following:
¢ Reflex magnesium testing when
hypocalcemia or hypokalemia is
detected
¢ Addition of magnesium testing in
patients with diabetes, hyperten-
sion, advanced age, or chronic
proton pump inhibitor therapy
e Targeted screening in emergency
department populations
In emergency department patients,
reflex magnesium testing triggered
by hypocalcemia reduced 30-day re-
admission rates from 25% to 13%, a
striking illustration of laboratory-driven
clinical impact.!
Such interventions are particularly
relevant in cardiac and respiratory



populations where electrolyte abnor-
malities often coexist and correction
of potassium or calcium is incomplete
without magnesium repletion.

Result management
interventions

Laboratory professionals can also
improve post-analytical action by incor-
porating interpretive comments when
clinically significant hypomagnesemia
is detected.

In one intervention, automated
comments prompting clinicians to
consider treatment when magnesium
<0.6 mmol/L increased appropriate
treatment rates from 15% to 75%.!

These strategies demonstrate that
the laboratory’s impact extends beyond
measurement and includes helping
ensure that relevant tests are both
ordered and acted upon appropriately.

Analytical considerations

for ionized magnesium

While total magnesium is typically
measured via colorimetric methods on
automated chemistry analyzers, ionized
magnesium requires ion-selective elec-
trode technology.

Analytical considerations include
the following;:
¢ Avoidance of hemolysis
e Awareness of acid-base status

(which alters ionization fraction)

e Clear communication of reference
intervals

¢ Education of clinicians on differ-
ences between total and ionized
values

Biological variation data indicate that
desirable imprecision for total magne-
sium should be <1.8%, with total allow-
able error around 4.8%.'* Similar
performance expectations should guide
iMg implementation.

Laboratories considering adop-
tion of iMg testing should evaluate
the following:
¢ Clinical demand in cardiac sur-

gery and ICU populations
e Integration into blood gas plat-

forms
e Alignment with institutional elec-
trolyte management protocols

The laboratory as a

clinical partner

Cardiac and respiratory care are increas-
ingly protocol-driven, data-intensive
disciplines. Magnesium, particularly its
ionized fraction, intersects directly with:
* Arrhythmia prevention

e AKI risk mitigation
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* Bronchospasm management

¢ Ventilator liberation

e Electrolyte correction algorithms
Laboratory professionals can contrib-

ute meaningfully through the following:

¢ Educating clinicians on the
physiological relevance of ionized
magnesium.

¢ Developing reflex and demand
management strategies in high-
risk populations.

¢ Implementing interpretive report-
ing that supports appropriate
treatment.

* Monitoring outcome indicators
such as readmissions, electrolyte
correction rates, and ICU length
of stay.

The“brain-to-brain loop” concept of
laboratory medicine emphasizes that
optimal care depends not
just on accurate measure-

the laboratory can help ensure that mag-
nesium abnormalities are recognized
and appropriately addressed. Demand
management strategies such as targeted
magnesium testing in high-risk popula-
tions or reflex testing in the presence of
related electrolyte abnormalities, have
already demonstrated their potential
to improve diagnosis and treatment of
dysmagnesemia.

As laboratory medicine continues to
move toward greater integration with
clinical decision-making, magnesium
testing represents an opportunity to
translate laboratory data into mean-
ingful improvements in patient care.
Incorporating physiologically rel-
evant measurements, such as ionized
magnesium where appropriate, may
help clinicians better understand
electrolyte disturbances in
complex clinical settings and

ment, but on appropriate
test selection and effective
action. Magnesium testing,
particularly in critical care,
exemplifies this principle.

Conclusion

support more individualized
patient management.
Ultimately, the goal is to
ensure that the right test is
performed at the right time
and that results are used

Magnesium disturbances
are common in hospitalized
and critically ill patients yet
frequently remain underrecognized in
clinical practice. As illustrated by the
case examples presented earlier, both
hypomagnesemia and hypermagnese-
mia can produce nonspecific symptoms
that may delay diagnosis until significant
physiological consequences occur.These
disturbances can influence cardiovas-
cular stability, neuromuscular function,
and respiratory performance; clinical
domains where timely recognition of
electrolyte abnormalities is essential.

Increasing evidence suggests that
the ionized fraction of magnesium
represents the physiologically active
component most relevant to cellular
function. In complex clinical environ-
ments such as cardiac surgery and
respiratory critical care, physiological
changes, acid-base disturbances, and
shifts in protein binding may alter the
relationship between total and ionized
magnesium. Under these conditions, re-
liance on total magnesium alone may fail
to accurately reflect biologically active
magnesium status.

For laboratory professionals, these
insights reinforce an evolving role that
extends beyond analytical measurement.
Through thoughtful test selection, reflex
testing strategies, interpretive reporting,
and collaboration with clinical teams,
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effectively to guide patient
care. In doing so, magne-
sium testing presents labo-
ratory professionals with an
opportunity not merely to measure
magnesium, but to lead in advancing
patient-centered care.
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