ORIGINAL ARTICLE

USES OF MAGNESIUM SULFATE - REVISITED
B. Brinda?

HOW TO CITE THIS ARTICLE:
B. Brinda. “Uses of magnesium sulfate - revisited”. Journal of Evolution of Medical and Dental Sciences 2013;
Vol2, Issue 30, July 29; Page: 5648-5658.

ABSTRACT: HISTORY / BACKGROUND: Magnesium sulfate is the ninth most abundant element in
the universe, eighth most abundant element in the earth’s crust. In the human body magnesium
activates hundreds of cellular & biochemical reactions. Magnesium is commonly extracted from
seawater, where it is the third most common component.

Magnesium was first isolated in 1808 by Sir Humphrey Davy, used the term “magnesium”
from the word magnesia. Early use of magnesium was as a curative agent in the form of laxatives &
Epsom salts. In 1900 was first used to control eclamptic seizure in parturient.

Richard Wills latter won Nobel Prize in 1915 for describing the nature of the structure of
chlorophyll in plants noting magnesium as the central element.

Over the past 100 years, there have been countless research studies investigating the efficacy
of magnesium sulfate in various clinical conditions. This article reviews the multifaceted uses of
magnesium sulfate in clinical practice.
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INTRODUCTION: Magnesium is the most abundant intracellular cation in the human body and the
most underdiagnosed electrolyte abnormality in current medical practice .The average sized adult
contains approximately 24g (1 mole or 2000meq) of magnesium, one half of total body magnesium
is present in bone (53%), 27% in skeletal muscle, 19% in soft tissue, 0.7% in RBC & 0.3% in plasma.
Therefore serum magnesium levels can be normal in the face of total body magnesium depletion. (1)

SERUM MAGNESIUM: The normal range for serum magnesium depends on the daily magnesium
intake. Recommended dietary allowances of Mg2+ - 200 -350mgs (higher requirement in
pregnancy). Only 67% of the magnesium in plasma is in the active/ ionized form, and the remaining
33% is either bound to plasma proteins(19% of total ) or chelated with divalent anions such as
phosphate and sulfate (14% of the total ).The normal plasma levels are 1.4 to 2.1meq/1. (2), (3)

URINARY MAGNESIUM: Under normal circumstances only small quantities of Mg2+ are excreted in
the urine. In the presence of deficiency the kidneys conserve Mg2+ & urinary magnesium excretion
falls to negligible levels (studies have shown that only 5% of filtered Mg2+ is excreted where as 70%
is reabsorbed in loop of Henle).Hence estimation of urinary Mg2+ may be an indicator of magnesium
deficiency. (4)

ROLE OF MAGNESIUM IN THE BODY:
¢ Magnesium is a physiological calcium antagonist, primarily based on the regulation of
calcium influx into the cells.
¢ NMDA antagonist - By blocking NMDA receptors, central sensitization caused by peripheral
nociceptive stimulation is prevented. (5), (6).
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¢ Magnesium is essential for activation of Na+K+ATPase system, necessary for presynaptic
release of acetylcholine from nerve endings.

e Mg2+ ions are involved as a cofactor in about 300 known enzymatic reactions in the body
such as hormone receptor binding, gating of calcium channels, transmembrane ion flux,
regulation of adenyl cyclase system, neuronal activity, vasomotor tone, cardiac excitability

¢ Biosynthesis of DNA & RNA, protein synthesis & ATP.

e Mg2+ affects calcium 5649 metabolism, controls release & action of parathyroid hormone so
magnesium deficiency is often associated with hypocalcaemia

USES OF MAGNESIUM:
¢ REDUCES ANALGESIC REQUIREMENT: Pain is an important component of post-operative

recovery, effective treatment serves to blunt autonomic, somatic & endocrine reflexes with a

resultant potential decrease in peri-operative morbidity.

Mg2+ blocks calcium influx & non-competitively antagonizes NMDA receptor channels.

These effects have prompted the investigation of magnesium as an adjuvant agent for intra &
post-operative analgesia. Clinically relevant concentrations of volatile anaesthetics inhibit
functioning of NMDA receptors. This inhibition is reversible, concentration-dependent and voltage-
insensitive, and results from noncompetitive antagonism of glutamate/glycine signaling. In addition,
these effects can be potentiated significantly by co-application of either Mg2+, S (+)-Ketamine
interact super additively at NMDA receptors, which may explain the clinical efficacy of the
combination

S. Schulz-Stunner et al, study has shown that usage of Mgso4 as a supplement during
remifentanil or propofol and mivacurium anaesthesia has reduced the anaesthetic & relaxant drugs
needed.(7)

Kara H. et al, study has shown the mean intraoperative fentanyl requirement was higher in
control group than in the magnesium group (p<0.05).Postoperative morphine doses decreased
significantly in magnesium group (p<0.05). (8)

Tramer MR et al. performed a randomized, double blind study to assess the role of
magnesium on analgesic requirements, pain, comfort & quality of sleep in the post operative period.
42 patients undergoing elective abdominal hysterectomy with general anaesthesia received 20%
magnesium sulphate or saline (control) 15ml IV before start of surgery & 2.5ml/h for the next
20h.Postoperative morphine requirement was assessed for 48h using patient controlled analgesia
.Compared to control subjects, magnesium treated patients consumed less morphine during the first
6h (p<0.004), had less discomfort on first and second post operative days (p<0.05-0.005) & no
change in postop sleeping patterns compared to preoperative patterns. The authors concluded that
perioperative use of magnesium sulphate is associated with less analgesic requirement, less
discomfort & better quality of sleep in the postoperative period but not with adverse effects.(9)

Systematic review provides convincing evidence that use of magnesium sulfate as an
adjuvant to post -operative analgesia results in less total analgesic requirement & pain intensity.
Meta-analysis on peri-operative IV administration of magnesium sulfate for post-operative pain
showed a reduction in opiod consumption & lesser extent of pain scores in first 24 hours post
operatively without any reported serious adverse effects. (10).Magnesium combined with
Bupivacaine produces a reduction in post operative pain when given intra-articularly after
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Arthroscopic knee surgery in comparison to either Bupivacaine or magnesium alone or to saline
placebo. (11).

Mg2+ may have a role in chronic & neuropathic pain .Further exploration regarding Mg2+ in
pain is required .An inverse relationship has been demonstrated between the severity of pain with
different painful medical & surgical conditions & serum Mg2+ concentrations(12)

CHANGES IN SERUM MAGNESIUM CONCENTRATIONS DURING ANAESTHESIA: According to
several clinical studies, it was noted that magnesium was lowering during anaesthesia and became
normomagnesemic on the 1-3 day after surgery (13). CSF magnesium levels remains unchanged
during anaesthesia (p<0.001) & plasma magnesium concentration is not parallel with CSF
magnesium concentration (14). Sasaki R et al in their study have concluded that magnesium
supplementation is required during anaesthesia when a large amount of fluids are infused (15
).Serum magnesium levels after major gastrointestinal & thoraco-abdominal surgery showed a
statistically significant (p<0.05) reduction in magnesium levels.(16).Spinal anaesthesia
unexpectedly reduced CSF total & ionized magnesium concentration in patients undergoing hip
arthroplasty, although the mechanism is unclear peripherally infused magnesium sulfate during
spinal anaesthesia is unlikely to influence central NMDA receptor activity.(17).

MAGNESIUM IN CARDIAC SURGERY: After cardiac surgery, magnesium is often administered for
prophylaxis and treatment of cardiac arrhythmias. Mg2+, however inhibits platelet function in vitro
and vivo in healthy volunteers. Gries A et al concluded that in a randomized, blinded, placebo-
controlled study of 24 h after coronary artery bypass grafting, [V magnesium inhibited platelet
function in vitro & in vivo(18). Akazawa S et al concluded that a bolus dose of Mgso4 30, 60, 90
mg/kg significantly prolonged AV conduction time during sinus rhythm and QTc interval remained
unchanged (19) .This finding suggests that Mgso4 in high doses was safe and may be indicated for
cardiac arrhythmia and hypertension during sevoflurane anaesthesia. However further study is
required for its application in clinical anaesthesia

Fanning & colleagues (20) studied the effects of giving 48mmol of magnesium sulfate by
continuous infusion during the first postoperative day after cardiac surgery. They found fewer
episodes of atrial fibrillation in the group given prophylactic magnesium compared to controls.
Overall, magnesium is a cheap & efficacious therapy for treating both supraventricular and
ventricular arrhythmias. It may be recommended as a primary therapy for non-life-threatening
cardiac arrhythmias.

MAGNESIUM & SKELETAL MUSCLE RELAXANTS: The effect of magnesium as muscle relaxant has
been known since 1950s. T. Fuchs-Buder et al, T. Okunda et al have investigated the interaction
between Mgso4 40mg/kg & vecuronium and concluded that the neuromuscular potency of
vecuronium was increased by pretreatment with mgso4 (21), (22), (23).

Sloan PA and Rasul M have reported a prolonged neuromuscular block with non
depolarizing muscle relaxant rapacuronium in the presence of clindamycin & magnesium (24)
Hypermagnesemia enhances sensitivity of all NDMR. Use of peripheral nerve stimulator is mandatory to
guide further dosing. Ross RM and Baker T determined that clinically relevant infusions of
magnesium sulfate produced significant changes in neuromuscular transmission as manifested by
diminished “train of four “ response to ulnar nerve stimulation in parturient. (25).
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DEPOLARIZING MUSCLE RELAXANTS
¢ Neuromuscular blockade produced by suxamethonium is not potentiated by magnesium
therapy.
¢ Plasma cholinesterase activity is unaffected by magnesium.
¢ Phase Il block produced by suxamethonium, may be potentiated by magnesium therapy.

MAGNESIUM TO ATTENUATE PRESSOR RESPONSE: Magnesium is popularly used to attenuate the
pressor response to laryngoscopy & intubation in patients with gestational hypertension /PIH for
general anaesthesia .Mgso4 -40mgs/kg is superior to lidocaine -1.5mg /kg or alfentanil -10mg/kg
for control of hypertensive response to intubation & produces less fetal depression than alfentanil. A
combination of 30mg/kg of Mgso4 with 7.5mg/kg of alfentanil as a bolus immediately following the
induction agent is the method of choice for control of intubation response (26).

ICU & SERUM MAGNESIUM LEVELS : 65% of patients in ICUs reported magnesium deficiency &
20% of hospitalized patients in medical wards (27).Magnesium depletion is the most under
diagnosed electrolyte abnormality in current medical practice(28).As magnesium depletion is not
evident with hypomagnesemia the incidence is much higher than indicated by the statistical data.
Predisposing conditions for magnesium deficiency

e Diuretics: especially loop diuretics (furosemide & ethacrynic acid) is the leading cause of
magnesium deficiency .Drug induced inhibition of sodium reabsorption also interferes with
magnesium reabsorption & the resultant urinary magnesium losses can parallel urinary sodium
losses. 50% of the patients receiving furosemide showed magnesium deficiency (29); however
thiazide diuretics showed deficiency only in the elderly (30). Potassium sparing diuretics such as
triamterene did not show magnesium depletion. (31).

e Antibiotics & hypomagnesemia: Aminoglycosides, amphotericin & pentamidine promote Mg2+
depletion. Aminoglycosides block magnesium reabsorption in the ascending loop of Henle &
hypo magnesium has been reported in 30% of the patients receiving aminoglycoside
therapy(32)

e Diabetes mellitus: magnesium depletion is common in IDDM probably as a result of urinary
magnesium losses that accompany glycosuria. (33)

 Secretory diarrhea: can be accompanied by profound magnesium depletion (as lower GIT has
high concentration of mg2+ =10-14meq/1) (34).

e Other drugs associated with magnesium depletion: Digitalis, epinephrine, cisplatin &
cyclosporine are associated with magnesium depletion. Digitalis & epinephrine shift magnesium
into cells where as cisplatin & cyclosporine promote renal magnesium excretion.

e Acute myocardial infarction: 80% of patients with acute MI can have hypomagnesemia in the
first 48h after the event. The mechanism is unclear, but may be due to intracellular shift of
magnesium caused by endogenous catecholamines excess. (35).Alcohol abuse: Generalized
weakness & chronic diarrhea often associated with thiamine deficiency is the reason for
hypomagnesemia. Alcohol itself does promote renal magnesium wasting by an effect on renal
tubular magnesium reabsorption.

e Prolonged nasogastric suction, short bowel syndrome, malabsorption syndrome & refeeding
syndromes are most common causes of magnesium depletion in ICU, occurs due to acute
intracellular shift of magnesium secondary to metabolic acidosis (36).
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e Large volume resuscitation with hypotonic fluids not containing electrolytes, blood & its
products & TPN will promote hypomagnesemia.

e Hypoalbuminemia in critically ill patients have a decrease in total magnesium levels secondary
to a decrease in the protein -bound fraction.

ROLE OF MAGNESIUM IN VARIOUS CLINICAL SITUIATIONS

e Pheochromocytoma: The rational for the use of magnesium sulphate infusion in the anaesthetic
management of pheochromocytoma is its antiadrenergic, antihypertensive & antiarrhythmic
action. By its calcium channel blocking properties the release of catecholamines is inhibited.
Should be used with caution in patients with pheochromocytoma, complicated with impaired
myocardial contractility. (37).

e An initial bolus dose of 40-60 mg/kg IV followed by an infusion of 2g /hr + 2g incremental has
been effective in controlling CVS responses.

e Tetanus: Magnesium reduces spasms & automatic instability, However reports of hypotension,
bradycardia, hypocalcaemia & respiratory muscle paralysis requiring ventilation may result. A
proposed regimen for the management of tetanus is 5g magnesium sulphate IV over 20mts
followed by 2g /hr, incremental 0.5g/hr until relief of spasms or loss of patellar reflexes.

e Acute severe asthma: Magnesium produces bronchodilation by smooth muscle relaxation &
dilates the pulmonary vessels, there by improves peak expiratory rates especially in children. To
be considered in refractory cases of impending respiratory failure.(38).0kayama & colleagues
studied the effect of 1.2g of magnesium sulfate over 20mts in patients with mild asthma
exacerbations produced a significant increase in FEV1 before any treatment was given .(39) .
Mangat & colleagues investigated the role of inhaled magnesium sulfate in acute asthma attacks.
They compared nebulised salbutamol (2.5mg) with 3cc of a 3.2% solution (95mg) of magnesium
sulfate in a randomized double-blind trail involving 33 patients .They found that the increase in
peak flow rates were comparable in both groups of patients with moderate to severe asthma
exacerbations.(40)

e In ventricular arrhythmias: Effective in abolishing tachyarrhythmias, recommended for
treatment of digoxin induced ventricular arrhythmias unresponsive to other treatments. A bolus
dose of 2g given over 10mts is recommended.(41)

e Bupivacaine induced arrhythmias: Recommended in bupivacaine toxicity (42), (43).

¢ Pre-eclampsia & Eclampsia: Magnesium sulfate is the drug of choice for prevention & treatment
of eclamptic seizure. It is more effective than Phenytoin or nimodipine. Progression from pre-
eclampsia to eclampsia has been shown to be significantly lower when treated with magnesium
& a trend towards lower maternal mortality.(42)

e Mechanism of action: acts as a potent cerebral vasodilator, reverses cerebral vasospasm. It
blocks Ca influx through NMDA subtype of glutamate channel

¢ Anticonvulsant & CNS depressant

e Reduces cerebral irritability.

e Antihypertensive & antiadrenergic drug

¢ Obtunds pressor response to intubation & laryngoscopy with GA.

e Reduces hyperactivity of NM] by reducing pre-synaptic release of acetylcholine & also sensitivity
of post junctional membrane to Ach

e Relaxes uterine smooth muscle & blood vessels
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e Magnesium is a unique calcium antagonist & acts to reduce intracellular calcium results in
arterial relaxation, is a potent vasodilator of uterine & mesenteric arteries & aorta but has
minimal effect on cerebral arteries.(43)

WHO recommends Magnesium sulphate therapy for prevention of eclampsia in women with severe
PIH.

Dosage regimen: Loading dose -4-6gms IV, Maintenance dose 1-3g/h

Therapeutic range: 2-3.5mmols/h (therapy continued post partum for 48hrs)

IN ACLS: ccording to 2010 AHA guidelines magnesium sulfate can facilitate termination of torsades
de pointes (irregular /polymorphic VT associated with prolonged QT interval). ACLS providers may
administer an IV/IO bolus of magnesium sulfate at a dose of 1-2g diluted in 10ml dextrose in water
(class II b, LOE C). However routine administration of Mgso4 in cardiac arrest is not recommended
(class III, LOE A) unless torsades de pointes are present. (44)

Magnesium and Acute cerebral injury

Recent evidence suggests that Mg2+ plays a critical role in the injury process after traumatic
brain injury.

Magnesium not only has direct effects on cellular metabolism, but also in regulating other
proposed secondary injury factors (45)

e Magnesium reduces the brain oedema formation, also useful in maintaining BBB integrity.

e Magnesium acts at NMDA receptor & protects neurons from deleterious effects of excitatory
amino acids & thus reduces cytotoxic brain oedema (46).

e Magnesium as a neuroprotective agent in cases of SAH, acute ischemic stroke (47) (to receive
Mg2+ with in 12 hrs of stroke). Decline in serum ionized Mg2+ was shown to be correlated with
the severity of brain injury.

e Studies have shown a significant correlation between low CSF magnesium & the intensity of the
residual neurologic deficit (48)

« Several epidemiologic studies suggest a decrease in stroke rates & death from stroke among
those with diets rich in magnesium.(49)

MAGNESIUM & SEPSIS: Magnesium deficiency in sepsis is associated with poor out come. In a
recent clinical study, patients with ionized hypomagnesemia at any time had more severe organ
dysfunction & higher mortality rates (50). The important role of magnesium in sepsis might be
attributed to its effects on immunological functions.

MAGNESIUM IN ACUTE MYOCARDIAL INFARCTION
It has been postulated that supplemental magnesium therapy may benefit in acute MI in several
ways
e Magnesium limits myocardial damage, perhaps by inhibiting calcium influx into ischemic
myocardial cells (51).
e Improves distal blood supply to ischemic myocardium by producing vasodilation (52).
e Magnesium increases the threshold for depolarization of cardiac myocytes and may have
antiarrhythmic effects beneficial to these patients.(53)
e Magnesium infusion reduces peripheral vascular resistance and subsequently may increase
cardiac output without increasing cardiac work.(54)
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e Magnesium may inhibit the platelet aggregation which is important in the pathogenesis of acute
ML.(55)

MAGNESIUM IN PRE-TERM BABIES: Magnesium to prevent cerebral palsy in pre-term babies in
antenatal period .Risk of cerebral palsy & gross motor dysfunction in preterm infants was reduced
by 30%. (56).

ASSOCIATED ELECTROLYTE ABNORMALITIES WITH MAGNESIUM DEPLETION (57)

e HYPOKALEMIA: 40% of cases of magnesium depletion are associated with hypokalemia.
Magnesium repletion is often necessary before potassium repletion

e« HYPOCALCEMIA: 22% of cases of magnesium depletion is associated with hypocalcemia is due
to impaired parathormone release combined with impaired end organ release. Hypocalcemia
due to magnesium depletion is refractory to correction unless magnesium deficits are corrected.

o« HYPOPHOSPHATEMIA: 30% of cases of magnesium depletion is associated with
hypophosphatemia; this is due to enhanced renal loss.

CLINICAL MANIFESTATIONS OF MAGNESIUM DEPLETION : Clinical manifestations are often non-
specific, normally associated with other electrolyte abnormalities may present with cardiac
manifestations like ischemia, refractory arrhythmias & digitalis toxicity. Most characteristic
manifestation of magnesium deficiency is termed as “Reactive central nervous system disorder “

Which presents with ataxia, slurred speech, generalized seizures & obtundation. The
symptoms are precipitated by loud noises or bodily contact which is due to reduced magnesium
levels in CSF & it resolves with magnesium infusion. (58)

Diagnosis : As serum magnesium levels are insensitive marker of magnesium depletion,
retention test is done for suspected cases of magnesium deficiency (when serum Mg2+ levels are
normal) However this test is unreliable in the presence of impaired renal function or in the presence
of ongoing renal magnesium wasting

REPLACEMENT STRATEGIES
ORAL & PARENTERAL PREPARATIONS OF MAGNESIUM

Oral preparations are used for daily maintenance therapy (5mgs/kg in normal individuals) &
for correcting mild asymptomatic magnesium deficiency. (59), (60)

Parenteral preparations are preferred for treating symptomatic or severe magnesium
deficiency (intestinal absorption of oral magnesium is erratic)

ORAL PREPARATIONS PARENTERAL PREPARATIONS
Magnesium chloride enteric coated tablets Magnesium sulfate -50% (50mgs/ml or
4meq/ml)

Magnesium oxide tablets 400mgs & 140mgs Magnesium sulfate -12.5 % (120 mgs/ml
or Imeq/ml)

Magnesium gluconate- 500mgs

Mgso4 is the standard IV preparation, each gram of Mgso4 has 8meq (4mmol) of elemental
magnesium .A 50% solution (500mgs/ml) is diluted to 10% (100mgs/ml) or 20% (200mgs/ml) in
saline.

REPLACEMENT PROTOCOLS

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 30/ July 29, 2013 Page 5654



ORIGINAL ARTICLE

MILD / ASYMPTOMATIC HYPOMAGNESEMIA (serum magnesium 1-2mEq/kg)
e Replace 1mEq/kg for the first 24 hrs & 0.5 mEq/kg daily for the next 3 to 5 days
e If serum magnesium is more than 1mEq/L, oral preparations can be used for replacement
therapy.

MODERATE HYPOMAGNESEMIA (serum magnesium < 1mEq/ kg)
e Add 6g Mgso4 (48 mEq Mg) to 250 or 500 ml isotonic saline & infuse over 3 hrs.
 Follow with 5g Mgso4 (40 mEq Mg) in 250 or 500 ml isotonic saline over the next 6 hrs.
e Continue with 5g Mgso4 every 12 hrs by continuous infusion over the next 5 days.

SEVERE / LIFE THREATENING HYPOMAGNESEMIA- This condition is associated with serious
cardiac arrhythmias or generalized seizures

e Infuse 2g Mgso4 ( 16 mEq Mg ) IV over 2-5 mts

 Follow with 5g Mgso4 (40 mEq Mg ) in 250-500ml isotonic saline infused over next 6 hrs.

e Continue with 5g Mgso4 every 12 hrs by continuous infusion for the next 5 days.

It is important to follow the bolus dose with a continuous infusion. Serum magnesium levels may
normalize after 1 to2 days, but it will take several days to replenish the total body magnesium
stores.

CONCLUSION:

¢ Serum magnesium is not a sensitive marker of total body magnesium stores, serum magnesium
levels can be normal in patients who are magnesium depleted. Therefore urine magnesium is a
better marker of magnesium depletion.

¢ Magnesium depletion is probably very common in ICU, especially in those with secretory
diarrhea, on treatment with furosemide & aminoglycosides.

¢ Refractory hypokalemia is associated with hypomagnesemia in ICU .Magnesium repletion is
often necessary in these cases before the serum potassium return to normal.

¢ The usefulness of the drug ranges from attenuation of pressor responses to an adjuvant for intra
& post —op analgesia. Though precise data regarding pain relief /nociceptive action is not
substantial it is known to reduce the doses of analgesics & also does not prolong the activity of
other analgesics. However further explorations regarding pain relief property of magnesium is
required.

REFERENCES:

1. Noronha JL, Matuschak GM. Magnesium in critical illness: metabolism, assessment and
treatment. Intensive care Med 2002; 28: 667-679.

2. Elin R] Assessment of magnesium status Clinchem 1981; 33: 1965-1970.

3. AlturaBT, Altura BM .A method for distinguishing ionized, complexed and protein bound
Mg2+ in normal and diseased subjects Scand ] clin Lab Invest 1994 ; 217 ; 83-87

4. Hamil-Ruth R, McGory R : Magnesium repletion and its effect on potassium homeostasis in
critically ill adults: Results of a double blind randomized, controlled trial. Crit Care Med
24:38-45, 1996

5. Hollmann MW, Liu HT, Hoenemann CW, Liu WH, Durieux ME. Modulation of NMDA receptor
function by Ketamine and magnesium part II: interactions with volatile anaesthetics. Anesth
analg 2001; 92(5); 1182-91.

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 30/ July 29, 2013 Page 5655



ORIGINAL ARTICLE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

LiuHT, Hollmann MV, Lui WH, Hoenemann CN, Durieux ME. Modulation of NMDA receptor
function by Ketamine and magnesium; Part I Anesth analg; 2001; 92 (5); 1173-81.

Schulz- Stubner S, Wettmann G, Reyle - Hahn SM, Rossaint R. Magnesium as part of
balanced general anaesthesia with propofol, remifentanil and mivacurium: A double blinded
prospective study in 50 patients’ .European Journal of Anaesthesiology 2001; 18; 723-9.

Kara H, Sahin N, ULusan V, Aydogdu T . Magnesium infusion reduces post operative pain.
European Journal of Anaesthesiology 2002; 19: 52-56.

Tramer MR, Schneider ], Marti RA, Rifat K . Role of magnesium sulfate in post operative
analgesia. Anaesthesiology 1996; 84 (2) 340-7.

E. Albrecht, KR Kirkham, S.S. Liu, R. Bruli : Anaesthesia journal of the association of Great
Britain and Ireland, vol 68,issue 1, pages 79-90, Jan 2013

Noha M, Elshanouby, Hala E, Eid, Nahla F, Abou et al: Intra-articular injection of magnesium
sulfate and /or Bupivacaine for post-operative analgesia after Arthroscopic knee surgery:
Anaesthesia & Analgesia May 2008 vol 106, no 5, 1548-1552.

Kara H, Sahin N, Ulusan V, Aydogdu: EJA, Jan 2002- volume 19- issue 1, pp 52-56.

Okuda T, Kura M, Hatsuoka K, Izumit T, Koga Y . Changes in ionized magnesium
concentrations during general anaesthesia Masui 1999, 48(2): 136-40.

Fuchs- Buder T, Tramer MR, Tassonyi E, Cerebrospinal fluid passage of intravenous
magnesium in neurosurgical patients. ]. Neurosurg Anaesthesiology 1997 ; 9(4) ; 324-8
Sasaki R, Hirota K, Nakamaru K, Masuda A, Satone T, Ito Y, Influence of fluid replacement on
serum magnesium concentration and proper magnesium supplement during general
anaesthesia. Masui 1997 ; 46 (9) : 1179-85

Sanchez- capuchino A, Mcconachie I: Peri-operative effect of major gastrointestinal surgery
on serum magnesium: Anaesthesia, 1994 Oct, 49(10); 912-4.

Mercies M, Debase RA, Palm make a is ani S, Forte S et al : Changes in cerebrospinal
magnesium levels in patients undergoing spinal anaesthesia for hip arthroplasty does iv
infusion of magnesium sulfate make a difference, A prospective, randomized, controlled
study: BJA 2012; Aug 109 (2), 208-15

Griess A, Bode C, Gross S, Peter K, Borer H, Martin E The effect of intravenously administered
magnesium on platelet function in patients after cardiac surgery. Anaesth Anal 1999; 88(6):
1213-9.

Akazawa S, Shimizu R, Nakaigawa Y, Ishii R, Ikomo S, Yamato R, Effects of magnesium sulfate
on atrioventricular conduction times and surface electrocardiogram in dogs anaesthetized
with sevoflurane Br ] Anaesthesia 1997 ;78 (1) : 75-80.

Fanning W, Thomas C, Roach A, et al: Prophylaxis of atrial fibrillation with magnesium
sulfate after coronary artery bypass grafting. Ann thorac Surg 52: 529 -533, 1991

Okuda T, Umeda T, Takemura M, Shiokawa Y, Koga Y, Pretreatment with Magnesium sulfate
enhances vecuronium induced neuromuscular block Masui 1998 ; 47 (6) : 704-8.

Fuchs- Buder T, Tassenyi E, Magnesium sulfate with vecuronium induced neuromuscular
block Br] A 1995 ;74(4) 405 -9.

Fuchs-Buder T, Tassenyi E Magnesium sulphate enhances residual neuromuscular blockade
by Clindamycin .BJA 1996; 76(4): 565 -6.

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 30/ July 29, 2013 Page 5656



ORIGINAL ARTICLE

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Sloan PA, Rasul M, Prolongation of rapacuronium neuromuscular blockade by Clindamycin &
magnesium Anesth Analg 2002; 94 (1): 123-4.

Ross RM, Baker T. An effect of magnesium on neuromuscular function in parturients . J. clin.
Anaesth 1996; 8(3): 202 -4.

Allen RW, James MF, Uys PC: Attenuation of pressor response to tracheal intubation in
hypertensive proteinuric pregnant patients by lignocaine, alfentanil & magnesium sulfate
undergoing: Br ] Anaesth, 1991 Feb., 66 (2) 216-7.

Tong GM, Rude RK, Magnesium deficiency in critical illness ] Intensive care Med 2005 ; 20 ; 3
-17.

Whang R, Magnesium deficiency : pathogenesis, prevalence and clinical implications Am ]
Med 1987 ;82 ; 24-29

Dyckner T, Wester PO, Potassium/ Magnesium depletion in patients with cardiovascular
disease . Am ] Med 1987; 82: 11-17?

Ryan MP : Diuretics and potassium/magnesium depletion : directions for treatment Am ]
Med 1987 ;82 ;38-47

Alogia G.P, Cher now B, Pock A, et al; Hypo magnesium is a common complication of
aminoglycoside therapy Surg gynecol obstat Jour 1984: 158 : 561-565 .

Sjogren A, Floren CH, Nilson A ; Magnesium deficiency in IDDM related to level of
glycosylated haemoglobin Diabetes 1986 : 35: 459-463 .

Martin HE Clinical magnesium deficiency ; Ann NY Acad Sci 1969 : 162 : 891-900 .

Van Gaal L, Delvigne C, Vandewoude M, et al : Evaluation of magnesium before and after
jejuna-ileal verses gastric bypass surgery for morbid obesity ] Am Coll Nutr 6: 397-400,
1987

Prys- Roberts C (2000) Pheochromocytoma -recent progress in its management BJA 85, 44-
57

Okayama H, Aikawa T, Okayama M, et al. :Bronchodilating effect of intravenous magnesium
sulfate in bronchial asthma JAMA.257 : 1076-1078, 1987.

Mangat H, D S ouza G, Jacob M: Nebulized magnesium sulfate versus nebulised salbutamol in
acute bronchial asthma. Eur Resp ] 12:341-344,1998.

British Guideline in the management of asthma, A national clinical guideline, British thoracic
society Revised edition ; April 2004 .

2005 American heart association Guidelines for CPR & emergency cardiovascular care . Part
7.2, management of cardiac arrest . Circulation 2005; 112 (suppl 1) ; IV 58-IV 66.

Weinberg G L( 2002 ) Current concepts in resuscitation of patients with local anaesthetic
cardiac toxicity Reg Anaesth pain Med, 27, 568 -575.

Stoelting RK, Miller RD : Local anaesthetics : In basics of Anaesthesia, 4th ed, New York,
Churchill Livingstone 2000, pp80-81.

Brodie H, Malinow AM (1999) Anaesthetic management of pre eclampsia /eclampsia .
International journal of obstetrics anaesthesia ; 8, 110-124.

Anna G, Euser, phD Marilyn ], Cipolla PhD : Magnesium sulfate for treatment of eclampsia-A
brief Review : Stroke —American stroke association, Go red for women

Tzironi D, Banai S, Schngerc, Beuhorin ], Keren A, Gottlieb S et all : Treatment of torsade de
pointes with Magnesium sulfate ; Circulation 1988 ; 77; 392-397 .

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 30/ July 29, 2013 Page 5657



ORIGINAL ARTICLE

45,
46.

47.

48.
49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

Vin R (1991) Magnesium and brain trauma : Magnes Trace Elem 10; 1 - 10

Lampl Y, Geva D, Gilad R, et al : Cerebrospinal fluid magnesium level as a prognostic factor
in ischaemic stroke .J Neurol 245: 584-588, 1998.

Ascherio A, Rimm E, Hernan M, etal : Intake of potassium, magnesium, calcium and fiber and
risk of stroke among US men . Circulation 98 : 1198-1204, 1998.

Choi DW (1987) Ionic dependence of glutamate neurotoxicity, ] . Neurosci 7 ; 369-379.
Wong GK, Chan MT, Poon WS, BoetR, Gin T (2006) Magnesium therapy with in 48 hrs of an
aneurysmal subarachnoid hemorrhage ; neuro- panacea . Neurol Res 28 ; 431-435.

Soliman HM, Mercan D, Lobo SS, Melot C, Vincent JL (2003) Development of ionized
hypomagnesemia is associated with higher mortality rates : Crit care Med 31 : 1082 -1087
Ferrari R, Albertini A, Curello S, etal : Myocardial recovery during post-ischemic reperfusion
: Effects of nifedipine, calcium and magnesium ] Mol Cell Cardiol 18:487-498, 1986.

Altura B, Altura B : Endothelium dependent relaxation in coronary arteries requires
magnesium ions .Br ] Pharmacol 91:449-451,1987.

Haverkamp W, Hindricks G, Ketellar T, et al : Prophylactic antiarrhythmic and antifibrillatory
effects of intravenous magnesium sulfate during myocardial ischemia Eur Heart ] 9 :
228,1988

Shechter M, Hod H, Chouraqui P, et al : Magnesium therapy in acute myocardial infarction
when patients are not candidates for thrombolytic therapy Am ] Cardiol 75:391-393,1995.
Ravn H : Pharmacological effects of magnesium on arterial thrombosis : Mechanisms of
action ? Magnes Res 12: 191-199, 1999.

Doyle LW, Crowther, C.A ; Middleton P, Marret S :Antenatal magnesium sulfate and
neurologic outcome in preterm infants .A systemic review, Obsteric & gynecology 113(6) :
1327-1333, 2009

Hypomagnesemia, hypokalemia, hypophosphatemia, hyponatremia and hypocalcemia : Arch
Intern Med 1984 ; 144 ; 1794-1796.

Langley WF, Mann D ; Central nervous system magnesium deficiency .Arch Intern Med 1991 ;
151; 593-596.

Dipalma JR Magnesium replacement therapy. Am Fam physician 1990 ; 42 ; 173-176.

Oster JR, Epstein M : Management of Magnesium depletion . Am ] Nephrol 1988 ; 8 ; 349-
354.

NAME ADRRESS EMAIL ID OF THE

AUTHORS: CORRESPONDING AUTHOR:

1.

B. Brinda Dr. B. Brinda,
Professor of Anesthesiology & Critical Care,

PARTICULARS OF CONTRIBUTORS: Department of Emergency Medicine,

1.

KIMSH, V V Puram, Bangalore - 04.

Professor of Anesthesiology & Critical Care, el — el addln @z el com

Department of Emergency  Medicine,

Kempegowda Institute of Medical Sciences. Date of Submission: 11/07/2013.

Date of Peer Review: 12/07/2013.
Date of Acceptance: 20/07/2013.
Date of Publishing: 26/07/2013

Journal of Evolution of Medical and Dental Sciences/ Volume 2/ Issue 30/ July 29, 2013 Page 5658



