Magnesium Physiology and Clinical Therapy in Veterinary Critical Care

Key points:
1. Ionized and total serum magnesium are both poor predictors of total body magnesium
2. Hypomagnesemia may result in refractory hypokalemia and impaired insulin sensitivity
3. Magnesium may act as an NMDA receptor antagonist and decrease the release of substance P


· 54% of critically ill dogs hypomagnesemic on admission, 13% hypermag
· 50% of hospitalized cats have magnesium abnormalities
· These cats were more likely to have longer hospitalization and death/euthanasia

Magnesium distribution 
· 99% intracellular
· Especially in bone
· Serum magnesium is:
· 55-65% ionized *physiologically active component*
· 30-40% protein bound
· 4-6% bound to organic anions
· Tissue magnesium is easily mobilized to maintain homeostasis of serum 
· Cytosolic magnesium maintained at constant levels
· Buffered by transporting into/out of organelles, and intracellular protein binding
· This is also mediated in part by release of neurotransmitters and cAMP, ADP
· Higher concentrations promote movement out of mitochondria
· Some transporters are calcium dependent 
· Movement of magnesium across cell membrane is driven by gradient of both calcium and magnesium

Normal Cellular Functions:
· NaKATPase and calciumATPase require magnesium as cofactor
· Without magnesium ATP cannot be efficiently transported to mitochondria, or hydrolized to release energy
· Also important in:
· Activation of T Cells
· Depolarization of myocardial and neuronal cells
· Contractility of vascular endothelium
· Affects cellular functions due to its relationship with calcium
· Competes for passage through channels, and for receptor sites
· May inhibit passage of calcium through channels
· Cofactor for function of DNA & RNA polymerase
· Used in production of substances including glutathione, glutamine, cAMP and thiamine
· Absence is assocated with apoptosis

Absorption/Excretion
· Occurs intestinally and renal 
· Depends on cellular electrochemical gradient
· Occurs via paracellular passive diffusion or active transmembrane movement through apical membrane
· On basal aspect receptors regulate passage 
· Hormones such as parathyroid involved in upregulation
· Calcium/Magnesium cation sensing receptor (CaSR) will upregulate absorption when cations are low, and downregulate when high
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· Intestinal absorption:
· Small amounts in all segments of SI and colon
· Can be increased by as much as 6x if needed
· Renal absorption/excretion
· Freely filtered, >95% reabsorbed, primarily in thick ascending limb of loop of Henle
· In loop is passive paracellular process
· Small amount (5-10%) in DCT which is important for maintaining total body magnesium 
· Active transcellular process, regulated by PTH etc

Measuring Magnesium:
· Difficult to quantify total body magnesium due to majority being intracellular
· iMg perfered over total serum
· Due to tight homeostasis if serum levels are low there is a total body deficit
· Methods that may be more accurate include:
· Nuclear magnetic resonance spectroscopy
· Measures frequencies emitted by Mg and so quantifies intracellular
· Spectroscopy of magnesium bound to fluorescent dyes
· Dye binds to magenesium ions and emits wavelengths of light to determine concentration 
· Used on serum or whole blood, can also do intracellular if tissue samples 
· Costly and not practical
· Magnesium loading test used in people
· Can accurately determine magnesium deficit
· Comes with risk in those with renal/respiratory/cardiac disease

MAGNESIUM EXCESS
· Most common causes in people and veterinary patients are:
· Renal failure
· Especially when given magnesium containing drugs like laxatives/enemas
· Iatrogenic
· Reported to be naturally occurring in 13% of critically ill dogs hospitalized 
· May have prognostic value as in one study hypermagnesemic were more likely to die
· Clinical signs:
· Hypotension due vasodilation
· Magnesium blocks calcium channels -> inhibition of smooth muscle contraction
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· Treatment:
· Only use Mg free fluids (NaCl, LRS)
· For acute toxicity 
· Give 100mg/kg 10% calcium gluconate over 20mins
· Diuresis with NaCl 
· Increases tubular flow rate and so decreases reabsorption in DCT
· Diuretics to increase excretion:
· Osmotic diuretics eg mannitol
· Consider furosemide (will decrease reabsorbtion in TAL) but will also cause excessive loss of other electrolytes
· Avoid thiazides and spironolactone as they will increase reabsorbtion in DCT
· Dialysis


MAGNESIUM DEFICIENCY
· Associated with longer hospital stays in dogs and cats
· In humans may be independent predictor of outcome 
· 2003 Soliman et al in Critical Care Medicine; those patients that developed hypomagnesemia during hospitalization had longer hospital stays, higher SOFAs etc and increased mortality
· Causes
· Decreased intake
· Decreased GI absorption
· Basically any GI disease
· Renal loss 
· Diuresis/diuretics
· Hyperphosphatemia/hypocalcemia?
· Post obstructive diuresis
· Dialysis
· Tubular disorders
· Endocrine causes
· Primary hyperparathyroidism
· Hyperadrenocorticsim
· Hypercalcemia
· Hyperthyroidism
· Hyperaldosteronism
· Diabetes mellitus (glucosuria promotes urinary excretion)
· Drugs
· Diuretics
· Aminoglycosides
· Bisphosphonates
· Cyclosporine
· ACE inhibitors
· Beta agonists
· Metabolic acidosis
· Severe burns
· Pregnancy, lactation, growth
· Consequences:
· Refractory Hypokalemia
· Potassium transport is magnesium dependant so have increased extracellular levels -> urinary losses
· Supplementation may not be effective until magnesium corrected
· Impaired insulin sensitivity
· Important cofactor in maintaining release of and sensitivity to insulin
· Hypomag may cause insulin resistance 
· Concurrent hypocalcemia
· Homeostasis very closely linked
· Likely concurrent not causal
· Look for and treat magnesium disorders in hypocaclemic patients
· Gastrointestinal
· Decreased motility
· Increased leukocyte infiltration, loss of mucosal barrier
· Reproductive System
· Magnesium is used for treatment of eclampsia in women
· Treatment of choice for eclampsia induced seizures
· Cardiac
· Role in arrhythmias difficult to determine as associated with K and Ca abnormalities too
· Tachycardia (Ventricular, supraventricular, fibrillation and torsades common)
· IV magnesium treats TdP
· Hypomagnesemia also makes digitalis toxicity more likely 
· Vascular
· Hypertension and vasospasm
· Neuro
· Involved in neurotransmitter release
· May block NMDA receptors to prevent wind up, decrease the release of substance P, and reduce pain sensitivity
· Intrathecal administration of magnesium is as effective as an NMDA antagonist in decreasing hyperalgesia in magnesium deficiency
· Immunologic
· Magnesium helps modulate inflammation
· Deficiency is associated with increased circulating inflammatory mediators, lipid peroxidation, substance P, TNF alpha etc
· Clinical signs:
· Bronchospasm
· Vasospasm, hypertension
· Tachycardia
· Tetany, muscle spasms or muscle weakness
· Seizures
· Osteoporosis (chronic)
· Treatment:
· If mild then dietary changes and supplements (magnesium oxide/magnesium carbonate) may be enough
· Oral supplements should be considered in any patient at risk of deficit eg GI malabsorptive disease 
· If symptomatic
· Consider magnesium containing fluids (Plyte/Norm R have 3mEq/L), and take this into account when administering magnesium 
· Optimal dose of IV magnesium (sulfate/chloride) has not been determined
· Recommended 0.06mmol/kg/min (0.2-0.3mEq/kg/min) for acute life threatening problems eg arrhythmias
· CRI of 0.1-0.5mmol/kg/day (0.2-1mEq/kg/day) to treat chronic deficiency or ongoing losses 
· Solutions are hyperosmolar (12.5-50% depending on formulation) so should be diluted to <20% before administration
· Calcium, bicarb and lactate are incompatible with mg salts
· More risk of toxicity in patients with kidney failure 

Magnesium as an adjunct to therapy 
REDUCTION OF VASOSPASM
· Used in treatment of eclampsia in women to prevent seizures
· Suspected to reduce cerebral edema secondary to vasospasm
· May decrease vasospasm secondary to subarachnoid haemorrhage
· Daily infusion had ‘trend’ towards better outcome and decreased frequency of symptomatic vasospasm 
· May be useful in treatment protocosl for GDV, ischemic renal failure, trauma related intestinal ischemia etc but further study needed

NEUROPROTECTION
· Therapy in TBI provides neuroprotection in people and lab mdels
· Reduce mortality
· Reduce intraoperative swelling 
· Administering with mannitol or polyethylene glycol improves CNS bioavailable 
· Helpful due to NMDA antagonism and modulation of pathways involved in secondary brain injury
· Decreases glutamate release, decreases calcium channel blockade, downregulation of proinflammatory and proapoptotic signals 
· Also neuroprotective for spinal cord
· Lab studies showed trend towards improved locomotion, decreased histologic lesions

ANALGESIA
· May increase duration of analgesia and need for additional analgesics when co-adminsitered in epidural 
· Also decreases pain when given IV

REDUCTION OF INFLAMMATORY RESPONSE
· In rats given endotoxin challenge + magnesium had decreased leukocyte infliltration and levels of inflammatory mediators
· Magnesium deficiency contributes to tissue inflammation and circulating cytokines
· May be due to NMDA receptor and substance P receptor effects
· Research should be considered in use as standard therapy in veterinary patients with sepsis

PLATELET INHIBITION
· Administration of magnesium deficient rapid crystalloid infusion resulted in hypercoagulability compared to in patients with maintained Mg concentration
· May inhibit platelet activation/aggregation an inhibit fibrinogen

TETANUS AUTONOMIC DYSFUNCTION
· Used in dogs and people
· Associated with decreased epi, norepi and dopamine concentrations 
· No side effects noted

ISCHEMIA REPERFUSION
· Studied in models of shock and reperfusion injury 
· Showed reduced ischemia-reperfusion damage; mechanism unknown 
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QUESTIONS:
1. List 3 things that can predispose a patient to hypomagnesemia.

2. Which two organs are most important in magnesium homeostasis? 

3. You are administering a magnesium CRI to a patient.
a. What concurrent condition will increase risk of iatrogenic toxicity?
b. What clinical signs may be suggestive of magnesium toxicity?
c. List three ways in which you would address a magnesium overdose?
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Table 1: Causes, clinical signs, and treatment of hypermagnesemia

Causes

Clinical signs

Treatment

Excessive intake or medications

Magnesium carbonate containing phosphate binders
(OsvaRen, Renephor, MagneBind™)

Excessive dietary intake

Lithium therapy

Renal failure
Endocrine
Hyperparathyroidism

Hypothyroidism
Addison's disease

Cardiovascular
Hypotension

Digoxin sensitivity
EcG

Bradycardia
Prolonged P-A interval
Cardiac arrest

Neuromuscular
Decreased deep tendon reflexes
Severe mental depression
Fiaccid paralysis
Gastrointestinal

Vomiting

leus

Both veterinary and human patients.
0.9% NaCl diuresis.

Galcium gluconate

Peitoneal or hemodialysi (especially I rena function is
decreased)

Loop diuretics

General

I renalfunction is normal, hypermagnesenia generally
corrects very quicly
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