
 

 

 

MAGNESIUM SULPHATE 

 

“Portrait of Adele Bloch-Bauer I” (“The Lady in Gold”) oil, silver and gold leaf on 

canvas, 1907, Gustav Klimt, Neue Galerie, New York 



The rarefied art world seemed an unlikely stage for the re-enactment of a drama steeped 

in love and blood. 

 

Once again, “The Lady in Gold” was reborn. The portrait has been created, stolen, 

renamed, consigned to a shadowy underworld. It has miraculously eluded the inferno of 

war. A man who had seen Adele and never forgotten her paid 135 million USD to buy 

her, legally for the first time. Adele was now a legend.  

 

Restitution had reintroduced Gustav Klimt to the world. The compulsive reproduction of 

“The Kiss” had made him blandly ubiquitous. The artist was now revealed not as a 

purveyor of easy beauty, but as a deeply flawed man who nevertheless faced the biggest 

ethnic question of his day and emerged righteous. Long after his death, his art had 

opened eyes, and minds. He had finally changed the world. Maybe this was Klimt’s true 

“kiss to the whole world”. 

 

Perhaps none would ever agree whether the “Austrian Mona Lisa” belonged to Vienna 

or to the exiled creators of the insulted culture that produced her; whether Adele 

represented the glittering aspirations of turn -of -the -century Vienna - or the sacking of 

everything that made Vienna shine. Adele’s life was a triumph of Jewish assimilation, but 

her portrait was a relic of assimilation’s tragic failure. Adele symbolized one of the most 

brilliant moments in time, but also one of the world’s greatest thefts: of all that was lost 

when one woman and an entire people were stripped of their identity, their dignity, and 

their lives. 

 

What is the meaning of justice when the law is used to legalize thievery and murder? 

What is the meaning of cultural property when patrimony is an arm of genocide? What is 

the value of a painting that has come to evoke the theft of six million lives? 

 

The public wrangle seemed a strange fate for a work of art so intimate. The portrait of 

Adele is not a field of lilies or a starry night. Here in her naked eyes, lies a story that is 

more dairy than novel. A painting comes from a time and place. Those who have heard 

the story of the portrait of Adele Bloch-Bauer can never again see her as a “lady in 

gold”. Frozen in Vienna’s golden moment, Adele achieved her dream of immortality, far 

more than she could have imagined. 

 

And that is the power of art.                         

Anne-Marie O’Conner, “The Lady in Gold”,  

Alfred A. Knopf, New York 2015.  

 

On  6th of June 2006, Gustav Klimt’s “Portrait of Adele Bloch-Bauer I” took its place 

among the most famous paintings in the world. It was sold at auction, by Christie’s of 

New York for a staggering 136 million USD to Ron Lauder, heir of the Estee-Lauder 

empire, who had seen it as a young boy and had been completely entranced by it. Ron 

Lauder has it on loan to the Neue Galerie, New York, where it can been seen by all. 

Works of art are great for many different reasons, but this work by Klimt, must surely 

rank as one of the greatest in history by any criteria one might wish to apply, originality, 

iconic symbol of a genre or of a period, sheer technical brilliance - but the most 

important criteria of all could perhaps simply be the human drama that lies behind it - a 



story of love, betrayal, theft, great scandal, great tragedy. The portrait tells a story of a 

past world and the catastrophic events that overtook it and as such become a priceless 

record of great historical importance. It records a grand woman of the Habsburg Austro-

Hungarian Empire, during the final glittering days of Vienna’s brilliant Belle Epoch. It 

also records a great Artist, Gustav Klimt, and his enigmatic relationship with the woman 

in the portrait. Adele Bloch-Bauer was a Jewish beauty and society woman, wife of the 

great sugar Baron, Ferdinand Bloch-Bauer. A woman way before her time, she believed 

that women should be educated and hold their own place in the world, rather than being 

simply a chattel of their husbands. The large Jewish community of Vienna at the turn of 

the Twentieth century was the most successfully assimilated Jewish group in all of 

Europe. Many were fabulously successful, and many intermarried with Catholic families. 

Brilliant Viennese led Europe and the world in the sciences and the Arts, among them 

Sigmund Freud in psychiatry and Strauss and Schubert in music. But it was in the visual 

Arts that Vienna at this time was truly in the vanguard. Art Nouveau was sweeping away 

much of the old world of Art, and Klimt led the way in its distinctive Austrian form- 

known as the “Viennese Secession”. The style was brilliant - but not without controversy, 

being despised by some of the more traditionally minded Art establishment. Ferdinand 

Bloch-Bauer was however a progressive and great patron of the Viennese Secession and 

it was almost inevitable that he would commission its greatest exponent Gustav Klimt. 

Klimt was commissioned by Ferdinand to paint his formable wife, Adele. He would do far 

more than simply paint Adele’s portrait however - he would immortalize her.  

 

The decision that Ferdinand took was somewhat controversial at the time and would not 

have been an easy one. Though Klimt had been decorated by the Emperor Franz-Joseph 

himself, his work had since fallen out of favour with the Imperial court due to its 

increasingly erotic symbolism. He was in addition a notorious womanizer, and to 

compound matters even further he did not come from a respected aristocratic 

background - quite the contrary he was the son of a simple engraver. Adele Bloch-Bauer 

was one of the grand dames of Viennese society, and she had her reputation to think of. 

But Adele was never one to worry over such things and she readily agreed to pose for 

Klimt. For three years Klimt worked on the painting. There were long sessions when he 

and Adele were alone, and given Klimt’s scandalous reputation and his apparent 

irresistibility to women it was inevitable that rumours began to surface that Klimt and 

Adele had become much more to each other than simply employee and client! To this day 

no one, not even among Adele’s family know the true nature of the relationship she had 

held with Klimt. Whatever the situation the result was stunning. Adele is depicted among 

a glorious mosaic of gold - a style that Klimt had learnt from studying the ancient 

Byzantine mosaics of Ravenna. His portrait of Adele would become the defining work of 

the Viennese Secession. Then tragedy struck. The archduke Franz Ferdinand was 

assassinated by a Croatian nationalist which would trigger events that would see the 

annihilation of Adele’s world.   

 

The First World War destroyed the Habsburg Monarchy and the Austro-Hungarian 

Empire. Though Austria was devastated by the war the old aristocracy of the Ringstasse 

and Adele’s world had nonetheless survived, but soon this too was to change with the 

Anschluss.  This was the incorporation of Austria into Nazi Germany, and the beginning 

of a second horrific conflict which would completely wipe away the old world of Vienna 

forever. A consequence of the collaboration with the Nazis would be the persecution of 



Vienna’s most brilliant and successful echelon of society. Exile and genocide would 

obliterate Austria’s Jewish population. The Nazis labelled most modern Art as 

“degenerate” but in the stunning works of the Viennese secession even they could not 

have these destroyed, rather the best works were simply taken from murdered and exiled 

families as the “booty of war” and appropriated by the Austrian state. Many of the works 

of Klimt, like so many other works of Art across Europe, simply disappeared during the 

years of the war. Following its end, it quickly became apparent that the Nazis had looted 

the continent’s Art on a scale unprecedented in history. Much of it could not be returned 

to owners as they were either unknown or dead. Among the looted works was Gustav 

Klimt’s portrait of Adele Bloch-Bauer which resurfaced in the Austrian State Gallery. 

The portrait gained in fame until it became known as Austria’s “Mona Lisa” - but 

instead it had been labelled as the “Lady in Gold” - all reference to who the woman was 

or to its true provenance having been carefully erased; first by the Nazis because of its 

Jewish connections and then by the post war Austrian state who saw it as belonging to 

the nation’s cultural heritage and nervous of its uncertain provenance. Then in the early 

2000s Adele’s niece, 90 year old Maria Altman, decided to try to right a great wrong that 

had been done to her family. She engaged a Los Angeles lawyer by the name of Ron 

Schoenberg. Together they took on the might of the Austrian government - and won!  

 

After 70 years, Adele’s portrait would be returned to its rightful heirs. The legal case 

created a sensation not only in the Art world, but in the world at large. A ninety year old 

Holocaust survivor fought a powerful government who tried to argue that the case had 

nothing to do with the Holocaust - and that Adele had bequeathed the portrait to the state 

on her death in 1925. The family disputed this interpretation. Adele had expressed a wish 

that it might go to the state one day, but that after her death it should remain with her 

husband Ferdinand. Ferdinand himself, fled Austria at the outbreak of the war and died 

in exile in Zurich in 1945, having barely escaped the Nazis with his life. The legal case 

was extremely complex, and even now there is no clear consensus of opinion among 

Austrians. The case is extraordinarily emotive and divisive. Perhaps in the end the 

Austrian government was never going to defeat a 90 year old Holocaust survivor who 

had the sympathy of the rest of the world with her. Younger generations of Austrians are 

in fact largely sympathetic to the heirs, but many of the older generation, who now claim 

Nazi “occupation” rather than collaboration as the cause of the disasters that befell 

them during the Second World War; are outraged at the loss of what they see as one of 

the nation’s irreplaceable cultural icons. Klimt’s portrait of Adele is seen by Austrians as 

their greatest Artistic treasure - and today it hangs in a gallery in New York City.  

 

Adele looks back at us hauntingly from a privileged but long lost world of the past. But 

we do not see the strong confident look of the society woman of the Viennese salons of 

legend that history records. Instead we see a far more uncertain look, even perhaps an 

intimate one - her eyes are wide, her hands are held up nervously to her chest, her 

fingers carelessly intertwined, her lips slightly parted - perhaps she is looking back not at 

her grand salon patrons - but rather a mysterious lover.  

 

When we consider the dosing for one of our favourite Emergency Department 

medications - magnesium sulphate, we alas are presented with a situation akin to an 

impassioned Austrian discussion of the Klimt masterpiece “Portrait of Adele Bloch-

Bauer I” - there is very little consensus at all!     



MAGNESIUM SULPHATE 

 

Introduction 

 

Magnesium sulphate is used for a range of diverse conditions in the Emergency 

Department. 

 

Indications in the ED include: 

 

1.  Hypomagnesaemia: 

 

 ●  Moderate to severe with clinically consistent signs and symptoms. 

 

2. Severe preeclampsia/ eclampsia. 

 

Less certain indications include: 

 

3.  Some tachyarrhythmias:  

 

● Rapid AF (second line/ adjunctive therapy) 

 

● Multifocal atrial tachycardia 

 

● Torsades de pointes 

 

4. Severe asthma (unresponsive to other treatment) 

  

5. Box Jellyfish envenomation 

 

6. Foetal neuroprotection if gestation is < 30 weeks and imminent delivery is likely. 

 

There is (frustratingly) little/ no general consensus on MgSO4 dosing for any of the 

conditions for which it is used. 
 

See also separate document on Hypermagnesaemia (in Renal and Electrolytes 

folder).  

 

Chemistry 

 

Magnesium sulphate is MgSO4  

 

Preparation 

 

Tablets: 

 

● Magnesium aspartate. 



 

 

Ampoules:  

 

● Magnesium sulphate 50 %  as 0.5 gram/ml, 5 mls (i.e 2.5 grams or approximately 

 10 mmols) 

 

● Magnesium sulphate 50 %  as 0.5 gram/ml, 10 mls (i.e 5 grams or approximately 

 20 mmols). 
. 

Mechanism of Action 

 

The exact mechanism by which MgSO4 exerts its neuroprotective effect in pre-eclampsia 

and eclampsia is uncertain. It is thought to be, at least in part, due to cerebral 

vasodilation, which relieves cerebral ischaemia. The CNS complications of preeclampsia 

and eclampsia are thought to be mediated, in part, by cerebral vasospasm.   

 

In asthma, therapeutic effect is produced via relaxation of bronchial smooth muscle. 

 

On cardiac tissue intravenous infusion of magnesium results in: 

 

● Prolongation of the PR interval  

 

● Prolongation of the atria-His bundle interval  

 

● Prolongation of antegrade AV nodal effective refractory period 

 

● Prolongation of sinoatrial conduction time 

 

Pharmacokinetics 

 

Absorption: 

 

● Magnesium aspartate can be given orally. 

 

 Magnesium Sulphate (MgSO4) is administered by an IV infusion. 

 
Magnesium sulphate may be given by IM injection, however, the IV route is preferred. 

 

● The onset of action after intramuscular injection is about 1 hour.  

 

 The duration of action after intramuscular injection is 3 - 4 hours. 

 

The onset of action after intravenous injection is almost immediate.  

 

The duration of action after intravenous injection is about 30 minutes. 



 

 

Distribution: 

 

Magnesium is primarily an intracellular ion. 

 

It is the second most prevalent intracellular cation after sodium. The majority (> 50 %) 

of intracellular magnesium is found within bone. 

 

Only 0.3 % of the total body magnesium is found extracellularly. .  

 

In blood: 

 

● 55% of the magnesium is free (ionised) and physiologically active. 

 

● 30% is bound to proteins (primarily albumin). 

 

● 15% is complexed to anions. 

 

Metabolism and excretion: 

 

● Magnesium is predominantly renally cleared. 

 

Pharmacodynamics 

 

Therapeutic clinical effects include: 

 

1. Sedation 

 

2. Vasodilation 

 

3. Bronchodilation 

 

Indications 

 

Indications in the ED include: 

 

1.  Hypomagnesaemia: 

 

  ●  Moderate to severe with clinically consistent signs and symptoms. 
1
 

 

In general terms normal levels are around 0.8 to 1.0 mmol/L 
1
 

 

A serum magnesium concentration lower than 0.8 mmol/L usually 

indicates magnesium depletion.  

 

Values lower than 0.4 mmol/L indicate severe deficiency. 
1
 

 



2. Severe preeclampsia/ eclampsia. 

 

Less certain indications include: 

 

3.  Some tachyarrhythmias:  

 

● Rapid AF (second line/ adjunctive therapy). 

 

● Multifocal atrial tachycardia (MFAT) 

 

● Torsades de pointes (principally adjunctive treatment) 

 

4. Severe asthma (unresponsive to other treatment) 

  

5. Box Jellyfish envenomation 

 

6. Foetal neuroprotection if gestation is < 30 weeks and imminent delivery is likely. 

 

Contraindications/ Precautions 

 

Precautions include: 

 

1. Cardiac conduction delays/ heart block (contraindicated unless pacemaker in situ). 

 

2. Hypermagnesaemia (contraindicated). 

 

3. Myasthenia gravis: 

 

● Magnesium interferes with neuromuscular transmission; possible marked 

 increase in weakness, particularly of respiratory musculature; monitor 

 closely. 

 

4. Obstetric patients being treated with nifedipine: 

 

● Nifedipine may increase effects of magnesium sulphate and risk of 

 hypotension; use cautiously; monitor blood pressure, deep tendon reflexes 

 and respiratory function carefully. 

 

5. Renal impairment (caution): 

 

● Magnesium is predominantly renally cleared and hypermagnesaemia may 

 occur in patients with renal impairment. 

 

Pregnancy: 

 

Magnesium sulfate is safe to use in pregnancy. 
2
 

 

Breastfeeding: 



 

Magnesium sulfate is safe to use in breast feeding. 
2
 

 

Adverse Effects 

 

Adverse effects are those that relate to relate directly to hypermagnesaemia. 

 

● Therapeutic levels of magnesium, in patients being treated for severe PET / 

eclampsia are: 2.0 - 3.5 mmol / L 

 

● Toxic levels are > 3.5 mmol / L 

 

Clinical effects may include: 

 

1. Autonomic effects: 

 
 ●  Moderate doses may produce flushing and sweating. 

 

2. CVS:  

 

 ● Vasodilation: 

 

  ♥ Flushing 

 

  ♥ Hypotension 

 

3. CNS depression: 

 

● Increasing sedation 

 

● Coma 

 

4. Muscular weakness (via depression of neuromuscular transmission): 

 

 ● The first clinical sign is loss of deep tendon reflexes 

 

 ● Ultimately muscular flaccid paralysis. 

 

5. Respiratory depression 

 

 ● Very high levels can result in respiratory arrest. 

 

6. Cardiac: 

 

● Conduction delays 

 

● Bradyarrhythmias  

 



● Very high levels can result in death from cardiac arrest. 

 

Toxicity can be correlated with blood levels: 
4
 

 

 

 

 

Magnesium level (mmol/L) 

 

 

Clinical effects 

 

 

0.8 - 1.0 

 

 

Normal plasma level 

 

 

1.7 - 3.5 

 

 

Therapeutic range 

 

 

2.5 - 5.0 

 

 

ECG changes begin to occur 

 

 

4.0 - 5.0 

 

 

Depression of deep tendon reflexes 

 

> 5.0 

 

 

Loss of deep tendon reflexes 

 

> 7.5 

 

 

Cardiac conduction delays/ respiratory depression/ CNS depression 

 

> 12.0  

 

 

Cardiac arrest 

 

 

Dosing 

 

Exact dosing depends on the condition being treated in addition to the severity on the 

condition and the patients renal function. 

 

Note that there is (frustratingly) little/ no general consensus on MgSO4 dosing for 

any of the conditions for which it is used. 
 

In general terms: 

 

Hypomagnesaemia 

 

Mild: 

 

For mild asymptomatic hypomagnesaemia oral treatment can be used: 



 

● Magnesium aspartate 1 to 3 grams (containing elemental magnesium 74.8 to 

 224.4 mg) orally, daily in divided doses, with food. 
1
 

 

Moderate to severe: 

 

For moderate to severe hypomagnesaemia with clinically consistent signs and symptoms 

IV therapy is used: 
1
 

 

● One 5 ml ampoule of 50 %, (i.e 10 mmol or 2.5 grams) should be given over 

 at least 30 - 60 minutes.  

 

Ampoules should be diluted into 100 mls of normal saline. 

 

Repeat if needed, titrate to effect and serum magnesium concentration. 

 

Severe preeclampsia/ eclampsia:  

 

Note that there is no current general consensus on bolus dosing or duration of 

infusion of MgSO4 
4
 

 

The RWH recommends the following: 
5
 

 

MgSO4
 
50% (i.e. 5 grams - or 20 mmols Mg - per 10 ml ampoule) is one preparation 

that is used.  

 

Give: 

 

● Loading dose is generally 4 grams IV (i.e. 8 mls of the 50% solution) over 

 10-20 minutes. 

 

● A second bolus dose may be given if seizures recur.  

 

● Infusion is then continued at a rate of 2 grams per hour, (and then titrated as 

 required according to clinical affect / toxic effect) until at least 24 hours post 

 delivery. 

 

Local hospital protocols may vary. 

 

Arrhythmias: 

 

Rapid AF: 

 

The optimal dosing is not established, but the following is suggested in the Emergency 

Medicine Therapeutic Guidelines: 
1
 

 

● Magnesium sulfate 50%, 5 to 10 mL (= 2.5 to 5 g or 10 to 20 mmol) IV over 

 30 to 60 minutes. 



 

Multifocal atrial tachycardia (MFAT): 

 

The optimal dosing is not established, but a similar regime to rapid AF would be 

reasonable.  

 

Torsades des pointes: 

 

Give magnesium sulfate 50% solution 4 mL (2 grams) IV infusion, over 10 to 15 

minutes followed, if indicated, by 1 to 1.5 mL (0.5 to 0.75 g) per hour IV infusion for 

12 to 24 hours. 
1
 

 

In the presence of immediately life threatening cardiac arrhythmia, 5 to 10 mmol 

magnesium (using 50% MgSO4 solution) can be given over 5 to 10 minutes 
1
 (i.e 2 

grams per minute MgSO4) 
1
 

 

Asthma: 

 

The optimal dosing is not established, but the following is suggested: 

 

● Magnesium sulfate 50%, 5 to 10 mL (= 2.5 to 5 grams or 10 to 20 mmol) IV 

 over 30 to 60 minutes. 
 

Box Jellyfish Envenomation: 

 

Give magnesium sulfate 50%,  5 mls (i.e 10 mmols) over 5 - 15 minutes. 
1
 

 

Monitoring: 

 

Infusions of 10 mmol of magnesium over 30 minutes or more do not generally routinely 

require ECG monitoring. 

 

ECG monitoring should be used in cases where: 

 

● The infusion rates are greater than 10 mmol within 30 minutes. 

 

● The patient is severely hypomagnesaemic and / or has been symptomatic (e.g. 

 arrhythmias) from hypomagnesaemia. Monitoring in these cases will be necessary 

 not only for the magnesium infusion, but also because of the hypomagnesaemic 

 state itself. 

 

Clinical monitoring will be necessary for all patients on MgSO4 infusions: 

 

● Conscious state  

 

● Blood pressure 

 

● Respiratory rate  



 

● Temperature (look for hypothermia) 

 

● Loss of deep tendon reflexes 

 

● Blood level monitoring: 

 

♥ Blood levels of Mg at 1.7 - 3.5 mmol/L is therapeutic, (> 3.5 mmol/L is 

 toxic). 

 

During intravenous therapy, the serum magnesium concentration should be 

monitored every 1 - 2 hours initially. Lower doses of magnesium are required in 

kidney impairment, when monitoring is especially important. 

 

Antidote: 

 

● The antidote to magnesium toxicity is the slow IV administration of 10 - 20 

 mls of 10% Calcium gluconate. 
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