
 

 

 

ATRACURIUM 

 

“The Star”, pastel over monotype on paper, 1876-77, Edgar Degas, Musee d’Orsay. 



“…I saw two English ladies, who were scarce able to express their disgust at what met 

their eyes when the curtain rose and those wonderful short-skirted ballerinas began a 

graceful, elaborate movement, steeping out with long, lovely, lascivious legs and, with a 

sudden bacchanalian leap, falling into the arms of the male dancers who came springing 

towards them…Their bosoms grew pink with indignation. “Shocking! For shame, for 

shame!”, they constantly groaned…” 

 

Heinrich Heine, at the Grand Opera, Palais Garnier, 1875.      

 

Emma Livry’s mother had been one of many young girls who had escaped poverty by dint 

of becoming a dancer at the Paris Opera. Though relatively unsuccessful at her chosen 

profession, this was entirely besides the point, she had managed to gain the amorous 

affection of a baron no less, and had soon become his mistress. Emma was the result of 

their union. In time the baron left Emma’s mother to marry a princess, but no matter, a 

rich Viscount, who had had a whole string of liaisons with ballerinas, soon took his 

place, and young Emma could not have hoped for a more splendid step-father. The 

Viscount used his connections and considerable influence to secure for young Emma a 

position in the Paris Opera. Unlike her mother however, Emma proved to be a prodigy 

Her performance in “La Sylphide” was a sensation; at just 16 years of age, Emma was a 

star, the darling of all Paris! But her fame did not last long, she tragically died at the age 

of 21 years, her short skirt set ablaze by a gaslight behind the stage. 

 

The origins of ballet lay in the Sixteenth century as a formalized dance that emerged in 

the Royal Courts of France. Performed by male dancers, it was designed to demonstrate 

and give praise to the glory of the sovereign. Centuries passed, and by the 1850s, France 

no longer had a monarchy. The new technique of toe dancing made females far more 

suited to the sensibilities of a new Romantic age, who applauded fairies, elves and 

nymphs. The new dance form allowed women to gracefully glide or even seemingly float 

across the stage. Lightness and grace were the mode and male dancers quickly receded 

into the background. By the 1870s male dancers had become mere occasional supports to 

lift and to catch graceful ballerinas. The ballet was no longer played to royalty, but to a 

middle and increasingly rich new bourgeoisie class, in particular a male dominated 

class. Partly to cater to the new dance style, but also partly to cater to male dominated 

audiences, dance costumes became increasingly skimpier. Skirts originally low calf or 

full length, rose tantalizingly to the knee and even above. Short skirts billowed out when 

the ballerinas alighted, prolonging the illusion of them gently floating back to earth, all 

highlighted by blazing gas lights that up-lit the performance at close range. In an age 

when it was considered immoral for a woman to show her legs, many grand ladies who 

accompanied their husbands to performances expressed shock and outrage. It need 

hardly be said however that that few male patrons ever expressed any discontent! 

 

One enthusiastic frequenter of the Paris Ballet, was Edgar Degas, who recorded for 

posterity this motif of Belle Epoch Paris. By the early 1870s Degas had become 

entranced by ballerinas. When he died in 1917, some 1200 paintings and sculptures were 

discovered in his studio, and fully one quarter of his works depicted dancers, they had 

become his obsession. But what Degas was interested in; what he recorded for posterity, 

was not the Art form itself but rather the intimate world of the dancers behind the scenes, 

and the role this milieu played in upper class Parisian society. Little of his works show 



an actual performance, instead he recorded the “action” that went on behind the scenes. 

This, rather than the dance itself was his obsession. We see dancers at rehearsal, 

yawning, sleeping, stretching, adjusting costumes, nervously chatting before curtain rise, 

bowing to the applause, or excitedly interacting off stage. We also see glimpses in his 

early works of the audience themselves, who seem more interested in the social occasion 

than the performance itself. Degas’ work was not about the Art form, it was all about the 

social milieu that went with it. “Patronage” of ballerinas become a pleasurable and 

highly fashionable diversion for gentlemen of leisure and great affluence. “Liaisons” 

with the most popular stars was a la mode, and competition for the brightest young stars 

was fierce and unforgiving. For the ballerinas themselves, most of them no more than 

young girls, the Paris Opera provided a means of escape from grinding poverty and 

insecurity. Mothers encouraged daughters who had any talent, to try for a position at the 

Opera. As dancing was not considered a seemly occupation for women of high-society, 

most  were of low or very low socio-economic class. But beauty and fame as a dancer at 

the Palais Garnier, was one sure way to attract a wealthy male “patron”. As marriage 

would usually be out of the question the modus operandi for any relationship would 

normally play out as “mistress”.    

 

In October 1873, the old theatre in the Rue Le Peletier was, not surprisingly given the 

dangerous naked gas-flame lamps that filled the building, destroyed by fire. But this 

provided the opportunity to put into operation a plan that had already existed for a truly 

grand new opera theater that would cater for the very wealthy and their increasing 

passion for the opera, still performed today at the Palais Garnier. The magisterial Rose-

Marie and Rainer Hagen describe the grand plan… “the building itself betrayed the 

social function of opera at the time; artistic performance seen as the appropriate 

ambience for the cultivation of social status and gratification of the male libido. Boxes, 

according to design recommendations were to have an adjoining salon wither parties 

who wished to converse might withdraw. The plans were to include baignoires (i.e 

exclusive loges or boxes for those patrons wishing a very close physical proximity to the 

stage; as opposed to any aesthetic experience) too, which remained in use until 1917. The 

building was to have three separate entrances, one for the Emperor, (who no longer 

existed), one for subscribers and a third for the public…The much cosseted subscribers 

were not expected to alter their habits. They were provided with a special lounge for 

intervals, and the Foyer de la Danse was transformed into a palatial hall with 

chandeliers, stucco, and the portraits of famous ballerinas. At the same time however, the 

director raised the entry fee; only gentlemen who subscribed three evenings a week were 

allowed access…The Foyer de la Danse was open, during intervals, and after the 

performance, only to the girls’ mothers and certain male subscribers. The purpose of this 

was obvious. The modern equivalent might be the welcome lounge of a (rather high-end) 

massage parlour”. 

 

Edgar Degas was a subscriber. He had one of the prestigious front loges, where he 

would frantically sketch everything that caught his penetrating gaze. He would later take 

these sketches back to his studio, where from them he would produce his brilliant and 

stunning works.  We do not however have any evidence that he was a lover of any of the 

dancers at the Palais Garnier. He had privileged access to the loges and the Foyer 

through his well connected acquaintances, and it was by this means that we have a 

priceless, unique and beautiful record in the impressionist style, of this long gone gilded 



age. Through Degas’ works we see the everyday trials, gestures, nuances, idiosyncrasies, 

rituals, habits, dressing, adjusting, fidgeting, washing, combing, expressions, emotions, 

rehearsing, all the subtle interactions of the young dancers of La Belle Epoch, that no 

other contemporary painter or any previous would have dreamed worthy of recording. 

And this all the more priceless in an age when photography was in its infancy, and could 

not possibly have done justice to the period, even if anyone had attempted to capture it by 

this medium.           

                              

The Hagens, most eloquently summarize; “Degas was less interested in the ballerinas as 

individual characters than in their movement and gestures. Their faces are usually pale, 

anonymous. With regard to their gestures, what interested him most was what they did 

more or less subconsciously when they were not playing to the public…In the “Rehearsal 

on Stage”…we see the girls stand or sit about quite unself-consciously; yawning, 

scratching, stretching, utterly self-absorbed and attending to their own needs. There was 

a grace here which fascinated Degas. It was a quality he found in dancers who were 

resting between scenes, but also - on few and fortunate occasions, and with a different 

level of intensity - in those who were actually dancing; it was not the natural grace of a 

woman which interested him then, but a grace she had acquired by dint of artistry, the 

grace of a ballerina who is entirely engrossed in her art” 

 

For the anaesthetic drugs there are various metabolic pathways for elimination. These 

are usually renal and/ or hepatic by variable proportion. These routes of elimination 

however may be greatly impaired in patients who have significant renal or hepatic 

dysfunction or failure. An agent that could be eliminated from the body without need of 

organ metabolism and excretion would be ideal in these situations and indeed we have 

just such an agent. When it comes to patients with severe renal or hepatic dysfunction, 

atracurium takes center stage as our “star”! We must keep in mind however that even 

given its fortunate property of spontaneous degradation in plasma, when it comes to a 

paralysing anaesthetic drug, we must still ensure the utmost safety in our working 

environment. As for any of these agents atracurium should only be used in association 

with full resuscitation and intubation equipment on hand and only by staff experienced in 

managing intubation and anesthetized patients - by any standard less than this, we 

perform dangerously close to the gas-lights!                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ATRACURIUM 

 

Introduction 

 

Atracurium is a non-depolarizing skeletal muscle relaxation agent used in anaesthesia 

and intensive care. 

 

It is commonly used as a routine skeletal muscle relaxant agent in intubated and 

ventilated patients. 

 

Its principal advantages include: 

 

● Its spontaneous breakdown in plasma (via the Hoffman degradation process), 

 which makes it an ideal agent in patients with significant renal and/ or hepatic 

 impairment/ failure.  

  

● It does not have to be mixed with water for constitution (an advantage over 

 Vecuronium). 

 

Its principal disadvantages include: 

 

● Histamine release  

 

● It needs to be stored at 2 - 8 degrees Celsius. 

 

As for any non-depolarizing skeletal muscle relaxation agent atracurium should 

only be used in association with full resuscitation and intubation equipment on hand 

and only by doctors experienced in managing intubation and anesthetized patients. 

 

History 

 

Modern day non-depolarizing skeletal muscle relaxing drugs were developed from the 

curare vines of the deep Amazon.  

 

For centuries, South American Indians extracted and refined curare from them, the deadly 

agent of their terrifying poison arrows.   

 

Atracurium was developed for clinical use in 1980.  

 

Chemistry 

 

Atracurium is a member of the benzyl-iso-quino-linium non-depolarizing neuromuscular 

blocking agents.    

 

Its Hoffman degradation reaction was named for the German Chemist August Wilhelm 

von Hofmann (1818 - 1892), who first described this process.   

 

 



Physiology 

 

There are two types of functionally different acetylcholine (or cholinergic) receptors 

(AChR) that bind acetylcholine and transmit its signal:   

 

1. Muscarinic (named after the agonist muscarine): 

 

These are G-protein coupled receptors (GPCRs) that mediate a slow metabolic 

response via second messenger cascades.  

 

 Muscarinic receptors are of 3 subtypes: 

 

 ● M1, M2, M3, M4 , M5  

 

2. Nicotinic (named after the agonist nicotine): 

 

These are ligand-gated ion channels that mediate a fast synaptic transmission of 

the neurotransmitter.  

 

 Nicotinic receptors are of two subtypes: 

 

● Nm:  

 

♥ This is located in the neuromuscular junction which causes the 

 contraction of skeletal muscles by way of end-plate potential 

 (EPPs).  

 

● Nn:  

 

♥ This causes depolarization in autonomic ganglia resulting in post 

 ganglionic impulses. 

 

Classification 

 

The skeletal muscle relaxing agents are broadly divided into two groups: 

 

1. The depolarizing neuromuscular blockers: 

 

● Suxamethonium (or succinyl choline) (short acting)  

   

2. The non-depolarizing neuromuscular blockers: 

 

● The aminosteroids: 

 

 ♥ Vecuronium (intermediate acting) 

 

 ♥ Rocuronium (intermediate acting)  

 



 ♥ Pancuronium (long acting)  

 

● Benzyl-iso-quino-liniums: 

 

 ♥ Atracurium (intermediate acting) 

 

 ♥ Cisatracurium (intermediate acting) 

 

 ♥ Mivacurium (intermediate acting) 

 

Preparations 

 

Atracurium besilate as: 

 

Ampoules: 

 

● 10 mg/mL in 2.5 mL, (total 25 mg)  

 

● 10 mg/mL in 5 mL (total 50 mg)  

 

It needs to be stored at 2 - 8 degrees Celsius. 

 

Atracurium besylate slowly loses potency with time at a rate of approximately 6% per 

year even under refrigeration. 

 

The rate of loss in potency increases to approximately 5%  per month at 25° Celsius.  

 

Mechanism of Action 

 

Atracurium is an intermediate acting non-depolarizing neuromuscular blocking agent 

possessing all of the characteristic pharmacological actions of this class of drugs (i.e 

curariform). 

 

It acts by competitive inhibition of the natural neurotransmitter acetylcholine by blocking 

the nicotinic cholinoreceptors at the motor end plate of skeletal muscle. 

 

Its action is antagonized by acetylcholinesterase inhibitors such as neostigmine. 

 

Pharmacodynamics 
 

Atracurium causes global skeletal muscle paralysis including paralysis of all respiratory 

muscles.    

 

Airway protection and artificial ventilation must therefore be maintained at all 

times for the duration of its action.    

 

Atracurium like all the skeletal muscle paralysing agents has no sedative or 

analgesic effects, and should only be used in association with adequate anaesthesia. 



 

In higher dosing atracurium may cause histamine release.  

 

Atracurium does not have significant vagal or ganglion blocking properties in the 

recommended dosage range. 

 

At standard dosing atracurium is an intermediate duration acting agent, lasting around 20 

- 40 minutes.   

 

Note however that in general larger doses of non-depolarizing agents will have shorter 

onset times and longer durations of action.  

 

Pharmacokinetics 

 

Absorption: 

 

● Atracurium is given by IV bolus or by continuous infusion. 

 

Distribution 

 

● The protein binding of atracurium is approximately 82%. 

 

● The volume of distribution of atracurium is 0.16 L/kg 

 

● Small amounts of atracurium can cross the placenta  

 

● It is not known if there is excretion into breast milk  

 

Metabolism and excretion: 

 

The duration of neuromuscular blockade produced by atracurium does not correlate with 

plasma pseudocholinesterase levels and is not altered impaired renal function or impaired 

hepatic function.  

 

Atracurium is inactivated in plasma via two non-oxidative pathways: 

 

● Hofmann elimination:  

 

Atracurium                             a quaternary monoacrylate + laudanosine. 

 

 

       Hofmann degradation  

 

Hofmann elimination, is the principal route of elimination for atracurium. 

 

This is a non-enzymatic chemical process which occurs at physiological pH and 

normal body temperature.  
 



Its rate is increased at: 

 

♥ Higher pH  

 

♥ Higher temperatures 

 

Its rate is reduced at: 

 

♥ Lower pH  

 

♥ Lower temperatures.  

 

A major metabolite is laudanosine which can accumulates during long-term use 

(i.e. over a period of days). Laudanosine has CNS stimulating properties, and so 

in toxic levels has the potential to cause seizures.  

 

When used in normal therapeutic dosing however, the levels of laudanosine 

produced do not produce any significant clinical effects. 

 

● Ester hydrolysis: 

 

 ♥ This is catalysed by non-specific esterases  

 

The elimination half-life of atracurium is approximately 20 minutes.  

 

Indications 

 

Atracurium is used for patients who require: 

 

1. Anesthesia with controlled mechanical ventilation.  

 

2. Skeletal muscle paralysis during surgery, (in association with anesthesia with 

 controlled mechanical ventilation)      

 

Atracurium undergoes Hoffman degradation and so is an ideal agent for patients with 

renal and/ or hepatic impairment/ failure.    

 

Contra-indications/precautions 

 

1. Allergy to atracurium (or cisatracurium) (contraindicated). 

 

2 Asthma, (avoid use): 

 

 ● Histamine release could induce asthma  

 

3. Significant cardiovascular disease (avoid use): 

 

 ● Histamine release could induce hypotension   



 

4. If administered during inhaled anaesthesia, reduce doses: 

 

● Reduce initial dose by 25 - 33%  

 

● Reduce maintenance doses by up to 40% 

 

5. Atracurium is not recommended for continuous use over a period of days 

 

● Myopathy has been reported following prolonged use ( > 48 hours) in ICU 

 settings; monitor neuromuscular function closely.  

 

● Potential for build up of the toxic neuro-excitatory metabolite, 

 laudanosine 
 

6. Neuromuscular diseases 

 

 Caution in general with any neuromuscular blocking agent 

 

 ● Myasthenia gravis - prolongs paralysis; avoid if possible. 

 

 ● Dystrophia myotonica 

 

7. Bradycardia:  

 

● Atracurium does not have significant vagal or ganglion blocking 

 properties in the recommended dosage range.  

 

Consequently, atracurium will not counteract the bradycardia produced by 

many anaesthetic agents or by vagal stimulation during surgery. 

Therefore, bradycardia during anaesthesia may be more common with 

atracurium than with other muscle relaxants. 

 

8. As for any non-depolarizing skeletal muscle relaxation agent atracurium 

 should only be used in association with full resuscitation and intubation 

 equipment on hand and only by doctors experienced in managing intubation 

 and anesthetized patients. 

 

Pregnancy 

 

Atracurium is classified as a category C drug with respect to pregnancy 

 

Category C drugs are those drugs which, owing to their pharmacological effects, have 

caused or may be suspected of causing harmful effects on the human fetus or neonate 

without causing malformations. These effects may be reversible. Specialised texts should 

be consulted for further details. 

 

Maternal use of atracurium has not been associated with adverse pregnancy outcomes.  



 

Only small amounts of atracurium are transferred via the placenta, due to the high 

molecular weight of the medicine and the ionization that occurs at physiological pH. 

 

When used at the lowest effective dose, atracurium is safe to use during pregnancy.  

 

High doses of atracurium should be used with caution during pregnancy as it may result 

in significant histamine release and cause hypotension, flushing, bronchospasm and 

rarely anaphylactoid reactions. 

 

Breast feeding 

 

Published reports describing the use of atracurium during breastfeeding have not been 

located.  

 

Atracurium has a high molecular weight and a relatively short elimination half-life due to 

the rapid degradation of the medicine in the maternal circulation.  

 

These factors may limit the amount of atracurium excreted into breast milk.  

 

Therefore, infants exposed to atracurium, post anesthesia, (clearly) via breast milk are 

unlikely to experience harmful effects and atracurium is considered safe to use in 

breastfeeding mothers.  

 

Adverse Effects 

 

1. Allergic reactions: 

 

 ● True anaphylaxis is rare.     

 

2. Histamine release, (“anaphylactoid” reactions):   

 

 This is more common with larger doses and excessively rapid administration.  

 

● Hypotension / flushing 

 

● Bronchospasm 

  

Doses up to 0.5 mg/kg, can produce plasma histamine levels increases of around 

15% in a dose dependent way, but haemodynamic changes are minor within this 

dose range.  

 

Doses greater than 0.6 mg/kg of atracurium besylate, can result in histamine level 

increases of up to 90%, and may result transient (five minutes) decreases in blood 

pressure and brief (two to three minutes) episodes of skin flushing.  

 

While these effects are of little clinical significance in most patients, the 

possibility of histamine release at recommended doses must still be considered in 



sensitive individuals, or in patients in whom substantial histamine release could 

prove hazardous, e.g. patients with significant asthma or cardiovascular disease. 

  

3. Prolonged use (i.e. over days): 

 

Risk of: 

 

● Myopathy 

 

● Neuro-excitatory effects from the toxic metabolite laudanosine  

 

4. Prolonged blockade in patients with myopathies, (as with all the neuromuscular 

 blocking drugs)   

 

Dosing 

 

Initial and maintenance dosing: 

 

Initial dose is 0.4 - 0.5 mg/kg IV 

 

With this dose intubating conditions are not reached for 2 minutes. 

 

Maintenance bolus IV doses: 0.1 - 0.2 mg/kg 

 

Note that repeated administration of maintenance doses have no cumulative effect on the 

duration of neuromuscular blockade if recovery is allowed to begin before next dose; in 

this way, repeat doses can be given relatively regularly with predictable results.  

 

Dosage adjustment is not required in renal failure.  

 

Duration of action 20 - 40 minutes 

 

Give doses over 60 seconds in debilitated or hypovolaemic patients. 

 

Maintenance IV infusion: 

 

For IV infusion:  

 

● 0.50 - 0.6 mg/kg/hour after early evidence of spontaneous recovery from the bolus 

 dose: 

 

Then: 

 

● 0.3 - 0.5 mg/kg/hour, adjusting according to response. 

 

Reversal: 

 

For reversal: 



 

● Complete reversal is usually achieved within 8-10 minutes of neostigmine 

 administration with most of the non-depolarizing agents (except pancuronium) 

 

AND 

 

● An anticholinergic, e.g. atropine (or gylcopyrrolate), with neostigmine to prevent 

 its muscarinic effects (especially bradycardia). 

 

For adults give:  

 

● Neostigmine: 2.5 mg IV.   

 

Plus 

 

● Atropine: 1.2 mg IV  

 

Note that atracurium is a benzyl-iso-quino-linium neuromuscular blocking agent and so 

will not be reversed by sugammadex, (which is designed for reversal of the aminosteroid 

neuromuscular blocking agents).     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Ludovic Halevy talking to Madame Cardinal, c.1880-83, monotype on paper,  

Edgar Degas  
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