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Introduction - Magnesium

• The fourth most abundant cation in the human body

The second most abundant intracellular cation

• Healthy adult have a content of about 25 g (1000 mmol) Mg

• Stores:

60% in bones, 20% in muscles, 20% in soft tissues, 0.5% in RBCs, 

0.3% in serum

• Healthy individuals need to ingest about 0.15–0.2 mmol/kg/day for normal Mg 
status. 

Hypomagnesemia in critically ill patients, Hansen and Bruserud Journal of Intensive Care. 2018



• Normal serum concentration of Mg is 1.6 to 1.9 mEq/L

• Epidemiology studies :

Hypomagnesemia was recorded (50%–60%) as more common among critically ill

patients and they seem to develop during their intensive care unit (ICU) stay.

An assessment of serum magnesium levels in critically ill patients: A prospective observational study. Int J Crit Illn Inj Sci. 2023



A comprehensive search for clinical trials was performed, 
and 10 studies comprising 1,122 cases and 630 controls.
hypomagnesemia appears associated with greater risk of 
mortality, sepsis, mechanical ventilation, and the length 
of ICU stay in patients admitted to ICU







Hypomagnesemia associated with an elevated risk of bacterial infections, 

exacerbated sepsis progression, and detrimental effects on the cardiac, respiratory, 

neurological, and renal systems, ultimately leading to increased mortality. 

Magnesium supplementation has been shown to be beneficial in these conditions, 

highlighting the importance of maintaining adequate magnesium levels in the 

intensive care setting.



Role of Magnesium in the Intensive Care Unit and Immunomodulation: A Literature Review. Vaccines (Basel). 2023 Jun

Magnesium plays an important role in protecting the kidney from AKI.

reducing the risk of progression to AKI requiring dialysis.

The current literature suggests there are benefits of maintaining normal 
magnesemia in critically ill patients, such as reducing overall mortality, modulating 
the inflammatory response, and protecting the kidney.



Mg deficiency in critically ill 
patients is mainly
caused by gastrointestinal and/or 
renal disorders and may lead to 
secondary hypokalemia and
hypocalcemia, and severe 
neuromuscular and cardiovascular 
clinical manifestations. 





Evaluation of Hypomagnesemia:





Magnesium therapy:

• Serum Mg not necessarily reflects the total body Mg status.

• The total body deficit in patients with hypomagnesemia ranges from 0.5 to 1.0 

mmol/kg (1-2 meq/kg).

• Patients at risk of magnesium deficiency with

symptoms consistent with hypomagnesaemia 

refractory hypokalemia or unexplained hypocalcemia

Considered for treatment even with NL serum Mg

Hypomagnesaemia treatment. uptodate.2025



Magnesium load test in Normomagnesemic magnesium depletion 

• One suggested method (uncertain utility): 

reduced excretion (<80 % over 24h) of an infused magnesium load (2.4 mg/kg over 4h).

• Positive test : malnutrition, cirrhosis, diarrhea, or long-term diuretic use

+/_ signs or symptoms referable to magnesium depletion.

Administer magnesium

in unexplained hypocalcemia and/or hypokalemia.

Hypomagnesaemia treatment. uptodate.2025



How to treat:

• An assessment of the severity of symptoms 

• Determination of the etiology

therapeutic approach to hypomagnesemia

• Plasma magnesium is >1 mg/dL: Mostly asymptomatic



Severity of symptoms:

• Mild hypomagnesemia with no or only mild symptoms can be treated with oral 

supplement.

• Parenteral Mg supplementation is indicated if :

Mg concentration is < 1 mg/dL 

Patient presents with significant symptoms (tetany, arrhythmias, seizures)



• For critically ill patients with mild to moderate hypomagnesemia, empirically 

derived “rules of thumb” suggest that the administration of 1 g (8 mEq) of 

intravenous Mg will increase the serum Mg concentration by 0.15 mEq/L within 

18 to 30 h.



Patients with Severe symptoms (tetany, arrhythmias, or seizures):

• Hemodynamically unstable (torsade de pointes arrhythmias or hypomagnesemic 

hypokalemia):

1- 2 g of magnesium sulfate (8-16 mEq [4- 8 mmol]) given initially over 2 -15 min

remains hemodynamically unstable after initial bolus: repeat bolus/ continues infusion

• Hemodynamically stable severe symptomatic hypomagnesemia (less than or equal 

to 1 mg/dL [0.4 mmol/L or 0.8 mEq/L]):

1-2 g of magnesium sulfate in 50 to 100 mL of DW5 % can be given initially over 5-

60 min/ followed by an infusion 



Continues Infusion regimen for nonemergency repletion:

• 4-8 gr magnesium sulfate (32- 64 mEq [16-32 mmol]) given slowly over 12- 24h. 

This dose can be repeated as necessary to maintain the plasma magnesium 

concentration above 1 mg/dL (0.4 mmol/L or 0.8 mEq/L). 

• In the normomagnesemic patient with hypocalcemia, it has been suggested to 

repeat this dose daily for three to five days.

• Severe hypomagnesemia may require treatment with doses until 1.5 mEq/kg.

• The slow distribution of Mg in tissues and the rapidly renal excretion makes the 

infusion time crucial.



Need for Mg infusion:

The plasma magnesium equilibrates slowly with intracellular sources,

With IV magnesium infusion, an abrupt temporary elevation in the plasma 

magnesium concentration partially inhibit the stimulus to magnesium reabsorption 

in the loop of Henle. Thus, up to 50% of the infused magnesium will be excreted in 

the urine.

Therefore adequate repletion requires sustained correction of the 

hypomagnesemia.



Patients with kidney function impairment:

• Patients with creatinine clearance less than 30 mL/min/1.73m are at risk for 

severe Hypermagnesemia if large doses of magnesium. 

• Thus, we reduce the IV magnesium dose in such patients by 50% or more and 

closely monitoring magnesium concentrations. 



Pregnant women with eclampsia

They routinely tolerate loading doses of 4-6 g (1gr= 8mEq= 4 mmol) administered 
over 20-30 min.

In the MAGPIE study , 32 mEq (4 g) Mg was initially given, followed by 8 mEq (1 g) 
per hour in women with preeclampsia. 





Monitoring and follow up

• Plasma Mg concentration may be transiently elevated for a few hours after 

administration of an IV dose so the magnesium concentration should be 

measured 6 to 12 hours after each dose of IV magnesium. 

• Repeat doses are given based upon the follow-up measurement. 

• In nonemergency situations, administration IV Mg at a rate not exceeding 1 

g/hour, resulting in more magnesium retention.



Points 

• The evidence of using Mg as a routine in other critical conditions such as asthma 

or CABG is still insufficient.

• High levels of Mg (> 4–5 mg/dL) may give muscle weakness, reduced respiration, 

and in worst case cardiac arrest. 

• In case of intolerable intoxication; intravenous calcium (100–200 mg over 5–10 

min) should be administrated as it antagonizes the neuromuscular and 

cardiovascular effects of Mg.



Magnesium sulfate:

• IV use: Most widely available intravenous form of magnesium

1 g contains 4 mmol or 8mEq of magnesium

this is administered as a 20% formulation (also 50%)

• IM use: A 50% intramuscular formulation 

available for pregnant women with eclampsia



• SC use : Subcutaneous delivery of magnesium sulfate has been used in intractable 

chronic hypomagnesemia. 

• Topical use: topical application of magnesium to increase plasma magnesium has 

also been described but requires further rigorous evaluation

Magnesium Disorders: Core Curriculum 2024. AJKD



Attention to factors that promote magnesium loss:

• PPI

• Potassium binders: sodium polystyrene sulfonate, patiromer

• Medications associated with diarrhea and diuretics

• Transplant patients on Calcineurin inhibitors or cancer patients on EGFR inhibitors 

If the culprit medications cannot be stopped and must be continued 
concurrently with treatment for hypomagnesemia

Magnesium Disorders: Core Curriculum 2024. AJKD



Patients with no or minimal symptoms: 

• If available and tolerable, oral replacement should be given to the 

hypomagnesemic patient with no or minimal symptoms.

• Many hospitalized patients with hypomagnesemia are given IV rather than oral 

magnesium supplementation, even if symptoms are minimal or absent because 

of side effect of oral supplement like gastrointestinal discomfort and diarrhea. 

Hypomagnesaemia treatment. uptodate.2025



Intravenous repletion in stable hospitalized patients

Dose dependent to severity of hypomagnesemia:

• Severe ( <1 mg/dL),

• Moderate (1-1.5 mg/dL),

• Mild (1.6-1.9 mg/dL combined with suspicion of magnesium depletion)



• Plasma magnesium is less than 1 mg/dL (0.4 mmol/L or 0.8 mEq/L):

give 4-8 gr (32-64 mEq [16-32 mmol]) of magnesium sulfate over 12-24h

• Plasma magnesium is 1-1.5 mg/dL (0.4-0.6 mmol/L or 0.8-1.2 mEq/L):

give 2-4 gr (16-32 mEq [8-16 mmol]) of magnesium sulfate over 4-12 h.

• Plasma magnesium is 1.6-1.9 mg/dL (0.7-0.8 mmol/L or 1.4 -1.6 mEq/L): 

give 1-2 gr (8 to 16 mEq [4 to 8 mmol]) of magnesium sulfate over 1-2 h.

Hypomagnesaemia treatment. uptodate.2025



Monitoring and Follow up:

• Plasma magnesium concentration should be measured daily or more frequently if 

indicated.

• Repeat doses are given based upon the follow-up measurement.

• It is advisable in patients with normal kidney function to continue magnesium 

repletion for at least one to two days after the serum magnesium concentration 

normalizes. 

Hypomagnesaemia treatment. uptodate.2025



Oral preparation:

• A number of oral magnesium salts, differs in the content of elemental magnesium 

and bioavailability.

• Organic salts are more bioavailable compared with inorganic salts 

• A typical daily dose in a patient with normal kidney function: 240 to 1000 mg (20 

to 80 mEq [10 to 40 mmol]) of elemental magnesium in divided doses.



• Sustained-release preparations:

(Magnesium chloride and Magnesium L-lactate) 

Slowly absorbed and minimize renal excretion

Use of lower doses

Minimizes the associated diarrhea

• Six to eight tablets (30 to 56 mEq) should be taken daily in divided doses for 

severe magnesium depletion. Two to four tablets (10 to 28 mEq [5 to 14 mmol]) 

for mild hypomagnesemia. 



• Rapid-release preparation: 

Magnesium oxide:  800 to 1600 mg (20 to 40 mmol [40 to 80 mEq]) daily in divided 

doses may be used for moderate to severe hypomagnesemia. Diarrhea frequently 

occurs

Magnesium citrate is more bioavailable compared with magnesium oxide based on 

measurements of plasma and urine magnesium.

Magnesium Disorders: Core Curriculum 2024. AJKD
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Side effect:

Diarrhea is a major limiting factor to replacement with oral magnesium. 

• Magnesium is an effective osmotic laxative

• The severity of diarrhea increases linearly with the magnesium content of stool. 

Some formulations such as magnesium hydroxide are primarily laxatives and 

should not be used at all to treat hypomagnesemia. 

• Interaction:

Oral magnesium salts reduce absorption of oral bisphosphonates

Magnesium Disorders: Core Curriculum 2024. AJKD

Guideline for the Management of Hypomagnesaemia in Adults.NHS.2024 



Patients with impaired kidney function

• Patients with reduced kidney function may require magnesium repletion if they 

have severe hypomagnesemia.

• It is extremely unusual for a patient with no kidney function (on dialysis) to have 

severe magnesium depletion in the absence of an extra renal loss such as 

diarrhea. 

Treating the diarrhea may be sufficient to correct the hypomagnesemia. 

• Here are no published data to guide therapy

Hypomagnesaemia treatment. uptodate.2025



Patient with GFR 15-30 mL/min/1.73 m and severe hypomagnesemia :

Symptomatic:

• 2-4 gr of IV magnesium sulfate given slowly over 4 to 12 hours. 

Asymptomatic:

• One-half the dose of the selected oral preparation that is recommended for the 

patient with normal kidney function. 

The plasma magnesium should be checked prior to subsequent doses and daily if 

doses are given less frequently.

Hypomagnesaemia treatment. uptodate.2025



Adjunct treatment:

• Potassium-sparing diuretic :

Amiloride and Triamterene (In renal magnesium wasting) 

Increasing Mg reabsorption in the distal nephron 

Efficacy is limited

• Inulin supplementation

Increase gut absorption of magnesium.

Magnesium Disorders: Core Curriculum 2024. AJKD



• SGLT2 inhibitors:

Correct hypomagnesemia and potentially be more effective than

magnesium repletion.

Decrease the fractional excretion of magnesium 

Might create a favorable electrical gradient for magnesium reabsorption in the 

PCT by decreasing the electrogenic absorption of sodium.

Magnesium Disorders: Core Curriculum 2024. AJKD



Review date: October 2024 

Conversion relationships: 
1 mmol = 2 mEq = 24 mg 
elemental magnesium = 
240 mg magnesium sulfate
Or
8meq=1 gr MgSo4

Concentration over 5gr/100cc need central line,
infusion rate 2gr/h need ECG monitoring, 
Max rate 9 gr/h
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