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Mg homeostasis



Renal Mg handling
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Mg homeostasis and the role of kidney



Defining magnesium status

• serum concentration of Mg
• normal serum levels in patient with intracellularly Mg depleted 
• intracellular stores are recruited to keep the serum levels within its range

Hypomagnesemia versus Mg Depletion

• Mg tolerance test
• reduced urinary excretion (less than 80%) of an infused magnesium load (2.4 mg/kg 

given over the initial four hours) 
• Patients with malnutrition, cirrhosis, diarrhea, or long-term diuretic use typically have a 

positive test, 

• intracellular levels of Mg in RBC,…



Causes of hypomagnesemia in critically ill patients

• GI disorders

• Renal Loss



Gastrointestinal causes

• Both upper and lower intestinal tract fluid contain Mg.

• loss of GI fluids:
• vomiting 

• nasogastric suction

• Diarrhea

• enteritis, inflammatory bowel disease

• intestinal and biliary fistulas

• intestinal surgery resections

• pancreatitis



Renal Causes

• Chronic parenteral fluid therapy
• Osmotic diuresis (glucose, mannitol, urea)
• Hypercalcemia
• Alcohol
• Drugs 
• Metabolic acidosis (starvation, ketoacidosis, alcoholism)
• Renal diseases

• Chronic pyelonephritis, interstitial nephritis, and glomerulonephritis
• Diuretic phase of acute tubular necrosis
• Postobstructive nephropathy
• Renal tubular acidosis
• Post-renal transplantation
• Primary renal hypomagnesemia



Drugs associated with Mg deficiency



Loop diuretics, AG, and hypomagnesemia



Approach to hypomagnesemia



Effects of moderate to severe Mg deficiency

• Biochemical

• Clinical
• Neuromuscular

• Cardiovascular

• Role of Mg in immunomodulation



Biochemical effects of Mg deficiency

• Hypokalemia
• Renal K wasting

• Decreased intracellular K

• Hypocalcemia
• Impaired parathyroid hormone secretion

• Renal and skeletal resistance to parathyroid hormone

• Resistance to vitamin D



Hypokalemia in 
Magnesium Deficiency

• Mg regulating activity of the 
ROMK 

• high intracellular Mg blocks 
ROMK channel pore 

• Mg prevents potassium efflux





Clinical manifestations of hypomagnesemia

• Cardiovascular

• Neuromuscular



Cardiovascular

• Mg levels influence myocardial excitability.

• ECG changes
• QT prolongation, QRS Widening and peaking of T waves in moderate Mg deficiency

• PR interval prolongation, progressive widening of the QRS complex, and diminution of 
T wave in severe Mg depletion

• dysrhythmias
• AF (after cardiac surgery)

• PVC, Polymorphic VT, VF in severe deficiency







Neuromuscular  Manifestation

• Neuromuscular hyperexitability
• often the first clinical manifestation
• Concomitant Mg and calcium deficiency enhance neurological symptoms

• tetanus with positive Chvostek and Trousseau signs
• muscle spasms
• Cramps

• decrease of extracellular Mg2+

• influx of calcium in presynaptic nerves 
• Release of  a greater amount of neurotransmitters

Vertical nystagmus is a rare but a diagnostically and useful sign of severe 
hypomagnesaemia.



Magnesium and the Immune System

• Mg deficiency:
• activation of innate immune system

• PMN activation, increased phagocytosis, ROS production

• impairment of adaptive immune system
• Role of Mg in development and proliferation of lymphocytes

• Mg2+ transporter TRPM7 is important for T-cell development

• Extracellular Mg regulate CD8+ T-cells, via co-stimulatory molecule LFA-1 mediated 
pathway

Moderate magnesium deficiency contributes significantly to chronic low-grade 
inflammation.



Mg and Sepsis

• Hypomagnesemia: elevated levels of IL6 and TNF-α

• Mg administration protects from LPS-induced lethal septic shock

• Magnesium and thiamine are crucial cofactors in Krebs cycle: 
• Role of Mg in increasing the rate of lactate clearance

• Hypomagnesemia
• increased risk of infections
• worsened sepsis progression
• decreased survival rates in critically ill patients.



Mg and Respiratory Diseases

• Asthma attack
• bronchodilation

• reduce inflammation

• COVID-19
• correlation between severe COVID-19 symptoms and low serum of Mg

• Mg, vitamin C, and vitamin D supplementation in COVID-19 patients was 
associated with significant reduction in oxygen supplementation



Mg and Kidney Injury

• Magnesium enhances kidney blood flow:
• endothelium-dependent release of NO

• counteracting the vasoconstriction induced by catecholamines

• Mg favoring vasodilation

• Hypomagnesemia may increase the risk of AKI by disrupting kidneys’ 
vascular autoregulation









Mg and Outcome in ICU









Hypomagnesemia Treatment

• Patients with severe symptoms: (Tetany, Arrhythmias, Seizure)

• hemodynamically unstable patients
1 to 2 grams of MgSO4 over 2 to 15 minutes

• hemodynamically stable patients 
• severe symptomatic hypomagnesemia: (Mg<1mg/dL)

1 to 2 grams of MgSO4 over 5 to 60 minutes followed by an infusion

• Severe hypomagnesemia
• Infusion: 4 to 8 grams of MgSO4 over 12 to 24 hours



Treatment



Hypomagnesemia Treatment

• stable hospitalized patients with plasma magnesium:

• less than 1 mg/dL: 4 to 8 grams of MgSO4 over 12 to 24 hours

• 1 to 1.5 mg/dL: 2 to 4 grams of MgSO4 over 12 to 24 hours

• 1.6 to 1.9 mg/dL: 1 to 2 grams of MgSO4 over 12 to 24 hours



Mg Replacement

• rules of thumb
• administration of 1 g (8 mEq) of intravenous Mg will increase serum Mg by 

0.15 mEq/L (0.18mg/dL) within 18 to 30 h

• High levels of Mg (> 4–5 mmol/L) 
• muscle weakness

• reduced respiration

• cardiac arrest.



Role of Kidney

• Plasma Mg inhibits Mg reabsorption in TAL (major site of active 
magnesium transport)

• IV Mg infusion: 
• an abrupt but temporary elevation in the plasma Mg
• Inhibition of stimulus to magnesium reabsorption in TAL

Up to 50 percent of the infused magnesium will be excreted in the urine

• Patients with kidney function impairment
• Reduction in IV Mg dose by 50% 
• closely monitoring magnesium concentrations
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