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INTRODUCTION AND HISTORY 

Succinylcholine was first mentioned by Hunt and Ta

veau (1) in 1911 and l ater by LeHeux (2) in 1921. They 

do not report any complete directions for the synthesis 

but the compound was isolated as a chloroplatinate. Glick 

(3) in 1941 showed that it was readily hydrolyzed both 

by the esterase of horse-serum and by alkali. In 1949 

Fusco et al (4) made a thorough investigation of choline 

esters with neur omuscular blocking eff ect and in their 

papers several principles of synthesis of t h e compounds 

were given, among them succinylcholine. I n 1950 Walker 

(5) synthesized succinylcholine and r eported more complete 

va lues of analysis and yield. 

Shortly after t he discovery of decarnethonium by Bar

low and Ing (6) in 1948 and Paton and Zaimis (7) i n 1948 , 

Buttle and Zaimis ($) and Phillips (9) in 1949 and Walk

er (5) in 1950, in England, Bovet et al (10) in Rome, and 

Castillo a nd de Beer (11) in 1950, in Tuckahoe, N.Y., 

showed independently that s uccinylcholine possessed high 

neuromuscular blocking ac t ivity . In spite of its relative 

high potency, succinylcholine was not developed for clini

cal purposes by any of these groups of investigators. 

Bovet et al (10) prefer red the corresponding bisethiodide 

(succinylcholi ne iodide ), which he considered might lack 

(1) 
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some minor side-effects anticipated from s uccinylcholine 

chloride itself; and in London, and perhaps in the U.S.A., 

succinylcholine chloride was not pursued further at the 

time, because it was thought to be too short-acting. 

The need for a really short-acting relaxant was too 

insistent, however, to allow succinylcholine to r emain 

long unused. The possibility of its employment was ex

plor ed independently in Sweden (Thesleff (12) (13) in 19-

51, Thesleff et a: (14) in 1951), in Austria {Brucke et 

al (15) in 1951) and in England (Bourne et al (16) in 19-

52). All these groups found that the side-effects of 

succinylcholine feared by Bovet et al (10) were absent 

or negligible in man , and that the effect of s uccinyl

choline lasted for a much shorter time than the consider

ably more potent decamethonium. Here is a concrete ex

ample of the exchange of potency for the more desirable 

property of brief action. 

Thesleff et al ll4) in 1952 published one of the first 

reports on an extensive series of c c:..ses on the use of 

succinylcholine. It was used by them in 1,000 cases since 

January, 1951, in all age groups except infants, in all 

risk groups . 

Brucke et a l (15) published the first report in 1951 

of the use of succinylcholine on an anesthetized patient. 

(2) 



CHE:MISTRY 

Little et al (17) state, "Succinylcholine, or di

acetylcholine, is in fact two molecules of acetylcholine 

linked together a t t he a lpha-methyl groups in such a way 

that there are 10 atoms interposed between the t wo quater

nary nitrogens previously hypothecated (6) as being neces

sary for neuromuscular blocking activity , thus: 

I I - ! 
CH3 H H ~ H I H O H H yH3 I I J I I I . ' 

Cl CH:r-N - C - c_ o_ - C - C - ~ - ·- C ~ C H __ CH
3 

Cl 
f f I H I 6H3 CH3 H H H , H H 

_J 

Paton (18) st?-tes, "Quaternary nitrogen provides 

far the richest quarry for neuromuscular blocking agents. 

In those compounds, the terminal groups should remain a

cetylated , as they are in acetylcholine. The theory that 

a d i stance corresponding to 8-12 carbon atoms between two 

quaternary groups favors neuromuscular act ivity has proved 

successful. There is no evident reason for this. A bare 

aliphatic scaffolding , such as i n decamethonium, seems ~o 

favor depolarizing action whereas a well- upholstered mole

cule {such as d-Tubocurarine) is more likely to be competi

tive. All the drugs which compet e with or mimic acetyl

choline at all c l osely, resemble it in chemical s t ructure. 

(3) 



Tnis has important consequences for the way such drugs are 

handled by the body and for their side-effects. n 

Barlow and Ing (6) and Paton and Zaimis (7) in 1948 

discovered - the powerful curare-like activity in a series 

of straight-chained polymethylene bis-quaternary ammonium 

salts, and Phillips (9), stimulated by their work, sought 

to produce compounds of similar activity by duplicating 

the chain length. He found them to be of 10 atoms dis

tance between the quaternary nit rogens. The fi rst com

pound he made, the bis-diethyl-aminoethyl succinate bis

meth iodide, has 10 atoms interposed between the quaternary 

salt groups, and showed a curariform activity equal in 

intensity to tha t of d-Tubocurarine as determined by its 

ability to block neuromuscular transmission in the cat, 

but the effect wa s of much shorter duration than that pro

duced by d-Tubocurarine. This shorter duration of action 

1:·ms attributed to the action of choline esterases based 

on the similarity between this substance and two molecules 

of acetylcholine coupled at the alpha-carbon. 

The compound originally used was the iodide of the 

dicholine ester of succinic acid, succinylcholine di-io

dide. Because of the fear of administering too great an 

amount of iodide to the patient, the chloride has been 

used al.most exclusively. The physical properties are a 

great deal alike , however (Low and Tammelin {19) ). 

(4) 
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Low and Tammelin (19) purified the substance by recryst

allization. It is more commonly known now as the dichbr

ide. It is a white solid which crystallizes with two 

molecules of water. The dihydrate so formed has a melt

ing point of 157 degrees Centigrade. The preparation is 

readily soluble in water to form a stable and slightly 

acid solution, but it is rapidly hydrolyzed b y alkaline 

solutions, a warni ng that it must not be mixed with pento

thal (Castillo and de Beer (10) ). 

Collier states, "The idea that succinylcholine is 

a very unstable compound arises through its rapid disap

pearance in the body and also its r apid destruction when 

mixed vd th thiopentone solution, which is alkaline . Suc

cinylcholine, on the contrary, forms a reasonably stable 

solution in saline." He found the solution was not detect

ably altered after standing for 21 days at room tempera- -

ture. 

Britton and volpitto {21) pe r formed studies of s uc

cinylcholine stability after finding that when the solu

tion was mixed with barbital solutions, the succinylcho

line was rendered ineffective . They found that s uccinyl

choline was destroyed almost completely by a pH over 11.0, 

and little at all below 9.5. By increasing the propor

tion of hexobarbital to succinylcholine, they could delay 

this destruction 5 or 10 minutes . 

( 5) 



Lehmann and Silk state, nwhittaker and Wijesundera 

{23) in 1951 described work done with a highly concentra

ted horse pseudocholinesterase (33,000 units/ml.), con

firming that, in the enzymatic breakdown of succinyldi

choline, first succinylmonocholine was f ormed, but this 

ras an intermediate which was subsequently hydrolyzed to 

succinic acid and choline, thus: 

succinyldicholine ~ succinylmonocholine + choline 

succinylmonocholine --+ succinic acid+ choline. n 

7' 

Lehmann and Silk (22) found the same to occur with 

human serum, and when t hey used similar concentrations 

(succinyldicholine 1.1, succinylmonocholine 0.7 mg active 

cation/ml.) could show that succinyldi choline W-- S at first 

hydrolyzed 4-6 times as fa s t as succinylmonocholine, but 

that at concentra tions between 40% and 600; , the speed 

slowed and became identica l wi th that of hydrolysis of 

pure succinylmonocholine. Whereas succinylmonocholj_ne 

resembles succinyldicholine in its response to pseudocho

linesterase, as a substrate of the true cholinesterase of 

the red cells it occupies a position midway bet\·,reen acetyl

choline and s uccinylchol ine. s~ccinylmonocholi ne, like 

acetylcholine and unlike succinyldicholine, is hydrolized 

by true cholinesterase a t low substrate concentration. 

It resembles succinyld i chol i ne in inhibiting acetylcho

line hydrolysis by the trQe cholinesterase, but whereas 

( 6} 



succinyldicholine is still effective at very low concen

tration tEvans et al (24}, 1952), s uccinylmonocholine 

inhibits only at the high levels at which acetylcholine 

itself becomes an inhibitor . Lehmann and Silk (22) fur

ther state, "It has hi t herto been impossible to a llot to 

pseudocholinesterase a function in life, because it could 

be removed by specific inhibitors in vi vo without any ill 

effects. T~ere are at least four compounds now which 

poison the true cholinesterase and are destroyed by the 

pseudocholinesterase: acetylcholine and succinylmonocho

line in high concentrations; succinyldicholi ne and suxe

methoniu.rn at high and low concentrations.n 

Foldes and Tsu ji (25) and Tsuji and Foldes (26) found 

in in vitro studies with succinylcholine dichloride that 

the hydrolysis of this compound by human plasma cholinester

ase stops or slows down markedly after one choline mole

cule had been split off. To obtai n further information 

on the probable f ·1te of s uccinylcholine in plasma, t hey 

observed the enzymatic hydrolysis of t he half-ester and 

found that the enzymatic hydrolysis of the half-ester was 

6-7 times slower than t hat of succinylcholi ne dichloride. 

( 7) 



PHARMACOLOGY 

Foldes et al (27) write, 11 It is generally a ccepted 

that the ideal muscle r elaxant should have specificity 

and rapid onset of acti on, readily contr ollable intensi

ty, wide margin between muscular relaxation and respira

tory arr est and r apid and complete recovery, without the 

cessation of its administration. The agents employed hi

t herto (to succinylcholine) have fallen far short of the 

above requirements.n Little et al (17) doubt the fulfill

ment of all thes e criteri a by any one drug, but believe 

succinylcholine comes close to that ideal on a number of 

different counts, mainly because a total relaxant dose 

is fully dissipated within-: two or three minutes. 

Type of Action 

aton (18) described two types of neuromuscula r block: 

1) Competitive - s uch as d-Tubocurarine - lessens the ef

fectiveness of ac et ylcholi ne at th e end-plate. It is s up

posed that t hese drugs acting in this way (almost invar ia

bly salts of quaternary nitrogen) are s ufficiently like 

acetylcholine to have some aff i ni ty for its receptor sites 

but sufficiently unlike to be incapable of initiating the 

process of depolar ization. 'l'hey thus 'compete' for recep

tor sit es with acetylcholine, and so r ender a given quanti

ty of the latter less e f fective than norma lly. ·1he end-

(8) 
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plate potential aroused thus comes to fall short of the 

amount needed to activate the adjoining musc le membrane . 

Their action is precisely analogous to many other _pharma

cological antagonisms, such as that of hexamethonium at 

the ganglionic s ynapse, or of anti..~istamines a gainst his

tamine; 2) Depolarizing - such as decamethonium bromide 

and succinylcholine - these are drugs having a closer re

lationship to acetylcholine so that they can actually i n

itiate t h e depolarization process . Decamethonium can de

polarize the motor end-plate in doses almost as small as 

those in which acetylcholine act, but, unlike acetylcho

line, the compound cannot be hydrolyzed, so that the de

polarization produced may last not for milliseconds , but 

for minutes or even hour s. 

It is suggest ed ~~at t he action of succinylcholine 

might be indirect l y through th e ina ct ivation of the cho

linesterase, but Paton (18) concludes, "There is no evi

dence for this. It is known to depolarize muscle direc

t~y; for instance, a dos e of t wo micrograms injected in

to a cat's tibialis produced a substantial reduction of 

membrane potential, although in the same preparation 0.5 

mg neostigmine had no depolarizing action. It is in any 

case only a weak anti-cholinesterase." 

Collier (20) believes there is no doubt that succinyl

choline has a depolarizing action, that is to say, it in-

(8) 



duces a state of excita tion that prevents further im

pulses being transmitted . Two views as to how this exci

tation arises have been suggested: one is that succinyl

choline acts, like decamethonium, directly on the end-plate 

by mimicking the action of acetylcholine. This view rests 

on measurement by Paton and Dias (2$) of the electrical 

potential of t he motor end-plate in relation to that of 

the rest of the muscle. Such measurement shows that very 

small quantities of succinylcholine excite the end-plate, 

although relatively enormous quantities of neos t igmine 

fail to do so. Another view, that succinylcholine acts 

indirectly, by inhibiting the destruction of acetylcholine 

has been put forward by Evans et al (24); and Hall et al 

(29) advance further experi ment a l support, which is how-

ever based on work in dogs. Collier (20) finds several 

difficulties in a ccepting this: l} it is not easily rec

onciled with the r eport of Paton and Dias (28), 2) it 

seems unlikely fr om the f igures of Evans et al (24) and 

from other evidence that the concentration of succinyl

choline effective in paralyzing the human body are suf

ficient apprec i ably to inhibit cholinesterase, and 3) 

t witches due to intravenous inject ion of s uccinylcholine 

in man a ppear without any latency, other than the circu

lation time, even in resting muscles. 

Evans et al (24) believe that t he target of the drug 

(10) 



is the acetylcholine of the nerve-muscle end-plates be

cause the longest response seen so far is that case when 

neostigmine was given and the patient did not recover for 

three hours . (Harper (30) ). Orton (31) believes the ac

tion of succinylcholine is like that of excess acetylcho

line, such as is produc ed in a normal person by administra

tion of neostigmine. Britton and Volpitto (21) noted 

that the occasiona l twitchi ng observed after the admini

stration of succinylcholine could also be seen after the 

use of syncurine, and also after the injection of acetyl

choline, concluding that this phenomenon was caused by 

the depolarization of the neuromuscular membrane , which 

in turn initiated the action potential that results in 

muscular contractions. Castillo and de Beer (11) state, 

"The site of action of succinyl choline was established as 

being at the neuromuscular junction since this drug in

hibits the contractions produced in the gastrocnemius of 

the atropinized ca t by the rapid injec t ion of a cetylcho

line into the femoral ar tery. n 

Actions in :Man 

Thesleff (32) s tates that, "In the clinical employ

ment of curare and curare-like preparations therfave been 

a number of undesirable complications, the foremost of 

these being a fall in blood pressure , bronchospasm, sali

vation and urticaria, and that the cause is attributed 

(11) 
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to the release of histamine and the paralysis of the auto

nomic ganglia to wh ich various muscle relaxing agents can 

give rise ." In his exper ience with 1,000 cases (Thesleff 

(13) and Thesleff et al (14) ) he has found succinylcho

line to cause none of the above complications. He believed 

it important, h owever , to be able clinically to exclude 

an influence on blood pressure and ca rdiac rate as well 

as on histamine liberation. He carr ied out his experi

ments directly on rr~n because he believed it difficult 

t o draw conclusions regardi ng the action of muscle relax

ing agents in man s olely from results in animal experi

ments . In his experiments no subs tantial changes in blood 

pressure, heart r a te or rythm were noted. 

In experiments on unanesthetized patients, Thesleff 

(32) sought to determine by EEG the central eff ect of 

succinylcholine. In three instances he found EEG evidence 

of physica l and e~otional distress occurring 45-60 sec

onds after the injection. Severe diplopia , followed by 

paralysis of the pharynx. and he aviness of the legs with 

difficult movements were noted in all patients. He found 

that patients also compl ained of a tightness over the chest 

accompanied by a ppreh ension and a feeling of distress and 

cold sweat. After about t wo minutes the paralysis disap

peared and a few minutes later th e s ub ject was a ble to 

get up and move about f reel y . He ffientioned that some of 

(12) 



the patients felt twitchings just prior to paralysis but 

there was no particular discomfort or pain associated. 

The subjects sensorium remained clear. A slight weakness 

and unsteadiness generally persisted for up to one hour, 

but work could be carried out as usual. He found that , 

all patients reported a diffuse pain in the muscles of 

the jaw and calf on the same day. 

Bourne et al (16) also give an account of these

quence of events following injection of succinylcholine: 

"The first visible effects of injection of succinyl

choline were diffuse uncoordinated contractions of muscle 

bundles and groups. These were seen in adults in 12-15 

seconds and in children as soon as seven seconds after 

injection. In a conscious volunteer these contractions 

were painful, a f a ct which contraindicates the use of 

succinylcholine unless coma has been previously induced; 

and, since these contractions come on more quickly than 

thiopentone takes effect, t he t wo drugs should not be 

mixed in the same syringe. The contractions caused by 

succinylcholine l asted 15-20 seconds, and their disap

pearance indicated the onset of paralysis . In the great 

majority of these patients, this paralysis lasted 2-6 

minut es· muscle power than began to return and was nor-
. ' 
mal in a further 3-4 minutes. Smaller doses . than 1/100 

(13) 



of the pound-weight in ml. produced a more transient, 

and larger doses longer, paralysis. Effect i ve doses al

ways caused respirato;ry arrest . This was counteracted 

in short procedur es by inflating the lungs with oxygen. 

During longer operations, artificial respira tion was con

tinued with the nitrous oxide/oxygen mixture of 75/25 re

spectively. Excessive artificial respiration , which 

would lead to ac a pnea, was avoided. In almost all cases 

the duration of action of succinylcholine is between 2-4 

minutes, but the occasional prolonged action led obser

vers to i nvestigate the cause and thus better understand 

the mechanism of its rapid action .u 

Lehmann and Silk(~t1te , 11 The short action of succinyl

choline depends en its rapid destruction by serum-cholin

esterase , thus the injection of a powerful inhibitor of 

this enzyme such as neostigmine would delay recovery al

most indefinitely in a patient who a lready had a low ser

um-content of this enzyme. There may well be other mecha

nisms of succinylcholine removal; in the absence of the 

enzyme defense mechanism, excretion by the kidneys may 

play a part; but there seems to be no reason at present 

to consider anything other than serum-cholinesterase ac

tivity. To produce dramatic delay in recovery, the en

zyme level must obviously be very low, and Callaway et al 

(14) 



(33) have shown that ther e is little chance of encounter

ing such cases in an average sample of the population. 

If patients likely to have a low serum-cholinesterase 

(those with liver disease, anemia, malnutrition , post

irradiation, and possibly polyphosphate poisoning) are 

excluded from succinylcholine treatment, and if it is 

realized that neostigmine is contraindicated after the 

drug has been given, the use of succinylcholine should 

be quite safe.n 

Durrans (34) believes the fit younger patients re

quire more of the drug than older patients , and the re

sponse and recovery time varies very little with either. 

Little et al (17) report that succinylcholine is 

hydrolyzed by both the 'pseudo'-cholinesterase of the 

plasma and the 'true '-cholinesterase of the red cells, 

but more rapidly by the former, therefore concluding 

that the duration of action of succinylcholine de pends 

upon the speed of its removal by ' pseudo '-cholinesterase . 

Harper (30) remarks of the variation of the rate 

of hydrolysis of succinylcholine in man and animal, and 

between the sera of different individuals. 

It has been ~nown since 1949 that succinylcholine 

is destroyed by r abbit cholinesterase (Bovet et al (10) ). 

''ith this information Evans et al (24) studied the enzym-

(15) 
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ic hydrolysis of succinylcholine in vitro and measured 

the serum-esterase level in four people who showed a nor

mal reaction to the drug, and in t wo patients wnose re

sponse was prolonged. They found that succinylcholine 

is metabolized by the 'pseudo'-cholinesterase of t he plas

ma, but at a slower rate than acetylcholine; and succinyl

choline is a competitive inhibitor of acetylcholine hy

drolysis by both the true and the 'pseudo'-cholinester

ases; but, of the two, the true esterase is more strong

ly inhibited. In the t wo patients who responded to the 

standard dose of succinylcholine with a paralysis of 20 

and 21 minutes, t ney found the 'pseudo'-cholinesterase 

levels to be very low, b oth being 12 units (Callaway et 

al (33) ), and the levels of the four who r esponded nor

mally to succinylcholine to be from 55-98 units. 

Comparison With Other Relaxants 

Paton (35) states, 11Acetylcholine is invol ved in 

transmission of n ervous effect s at three sites outside 

the CNS: 1) the parasympathetic endings , and the sweat 

glands, 2) the ganglia, and 3) the neuromuscular junction. 

A relationship between a cetylcholine and the various re

laxant drugs may show i t self in one of three ways: a 

drug may 1) imita .:. e acetyl choline, 2) competitively block 

it, and 3) inhibit the enzyme destroying it. We have 

thus nine t ypes of action centred around acetylcholine; 

(16) 
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a drug may mimic, inhibit or preserve the transmitter 

at any of three synapses. All these actions are liable 

to be displayed in widely different proportions by dif

ferent relaxants. It becomes necessary, therefore, in 

studying the properties of neuromuscular blocking agents, 

to be prepared for s uch additional actions. The gangli

on-stimulating action of succinylcholine, the ganglion

blocking action of d-Tubocurarine, and the anti-esterase 

action of I"iytolon are the most important examples in the 

present context." 

The comparative actions of t h e different muscle re

laxants were first studied in animal experiments, on the 

cat, dog and rabbit. 

I.J.tayrhofer {36) studied the effects of succinylcholine 

on animals as well as himself, in comparison to other 

similar compounds. He found that succinylcholine has a 

nicotine-like stimulating effect as well as muscula r paral

ysis, the strongest neuromuscular bloc-king effect, and 

the weakest stimu::.ating effect to the autonomic ganglia. 

Tnere was no i ncrease in blood pressurefn his experiments 

with cats ~nder artificial respiration, until at least 

several hundred times the paralyzing dose had been given. 

Ma.yrhofer (36) states, risince the paralyzing effect 

of succinylcholine on the skeletal muscle is due to de

polarization of the end-plate region, its action i~ not 

(17) 



counter-acted by anti-cholinesterases as is the case 

with d-Tubocurarine and flaxedil. It may even be pro-

longed to some extent. o antidote is felt needed, since 

its action is over in a matt er of minutes." Bourne et 

al (16) state necstigmine is worse than useless and is 

contraindicated as an antidote to succinylcholine, while 

it is very useful in counter-acting the action of d-Tubo

curarine and gallamine. 

"In studying the actions of s uccinylcholine it re

sembles decamethonium but differs from d-Tubocurarine,n 

Bourne et al (16) state. Buttle and Zaimis ($) studied 

the comparative actions of the relaxants on t he amphibi

an muscle, and found that both s uccinylcholine and deca

methonium caused contracture, while d-Tubocurarine did 

not. Bourne et a l (16) found that, as with decamethon

ium, antagonism exists between succinylcholine and c urare

like drugs. Thus succinylcholine administration to the 

cat during recovery from true curarization was found to 

hasten that recovery. Though succ i nylcholine resembles 

decamethonium in its action, it differs from decamethon

ium in being destroyed by cholinesterases. 

Barlow and I ng (6), in studying actions of a ClO 

member of bis-quaternary salts, found it to have an action 

about three time s as potent as d-Tubocurarine. Castillo 
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of succinylcholine. 

Castillo and de Beer (11} found in experiments on 

the neuromuscular bloc king action of succinylcholine that 

the rapid intravenous i njec t ion in cats caused a prompt 

and complete block , but the effect was of much shorter 

duration than th e incomplet e blocks produced by either 

ClO or d-Tubocura rine. Wnuck et al ( 37) found the dura

tion of action of d-Tubocurarine and decamethoniwn va ried 

from 2G-45 ·minutes, while that of succinylcholine varied 

from 3-7 minutes. D-Tubocurarine was observed to have 

a cumulative action , whi le succinylcholine did not, and 

the onset of paralysis of d-Tubocura rine varies from 3-8 

minutes, while ~he onset of action of succinylcholine is 

in about ½ minute. 

Ellis et al (J$) studied the central respiratory de

pression of succinylchol ine in the phrenic-nerve-diaphragm 

and sciatic nerve-gastrocnemius preparations of the cat, 

with restoration of spontaneous respiration by lobeline. 

They compared thi s action to t hat of d-Tubocurarine and 

decamethonium bronide. They found that, following succi

nylcholine, recovery occurred without the use of a specif

ic antagonist to 0he succinylcholine. They state, "This 

fact that succinyl choline seems to be less PI_9ne to cause 

central respiratory depression may be further emphasized 

by the difficulty in coLsistently producing a prolonged 

(20) 



arrest of s pontaneous respira tion with this compound . 

With succinylcholin e in doses of 0.2 mg/kg, only 3 of 

11 responses were accompanied by a protracted respiratory 

failure. In one of these lobeline in a dosage of 0.2 mg/ 

kg promptly relieved the depression . In the othe r t wo 

the s pontaneous respiratory movements returned within a

bout 2 minutes after the return of myoneural transmission. 

This is in direct contra s t to decamethonium in which evi

dence of central depression was obtained in 7 of 10 re

sponses, and to d-Tubocurarine, in whi ch 3 of 6 showed 

central depression. 11 

Thesleff {32), in his studies of comparison of the 

relaxants, empha sized t he effects of them on the autonom

ic ganglia . It re quired 130-140 mg/kg of succinylcholine 

or 650-700 times th e muscle-paralyzing dose to block the 

action potential in the ganglion, while 0.3-1.0 mg/kg of 

d-Tubocurarine or 1-3 times the muscle paralyzing dose, 

was required . I t required 13-14 mg/kg or 25-30 times the 

muscle-paralyzing dose of f laxedil, and 2-3 mg/kg or 65-

100 times the muscle-paralyzing dose of decamethonium. 

Doses of s~ccinylcholine up to 30mg/kg did not produce 

bronchospasm. In concentrations of up t o 50 mg/kg, suc

cinylcholine did not aff ect the isolated ileum of the 

guineau-pig, rabbi t or cat . The drug was not observed 

t o cau se any perc eptible musc ul ar pa r a l ysis in full-t erm 
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foetuses of pregnant rabbits, and the injection of 20-50 

mg substance into the uterine arteries in 3 gravid women 

at the time of caeserian section, resulted in no paraly

sis of the foetuses. 

In the study of histamine reaction, Thesleff (32) 

compared d-Tubocurarine and s uccinylcholine with intra

cutaneous injections. In all cases with the injection 

of d-Tubocurarine there was a severe irritation and wheel 

while with succinylcholine there was little or none. Thus 

compared with d-T..:ibocurarine, succinylcholine cEmses little 

or no histamine liberation. 

Toxicity 

Bourne et al (16) studied the toxicity of repeated 

doses of succinylcholine in rabbits. Rabbits were given 

daily intravenous doses of 100 micrograms/kg, which was 

enough to paralyze all of them, but to kill none. They 

were given these daily doses for 5 successive days. The 

animals were subsequently kept under observation for eight 

itieeks without any d~layed toxic effects being manifest. 

This freed om from toxicity h as also been demonstrated by 

Bovet et al (10) in 1951. They found that dogs whose 

respirations ,;,•1ere maintained in an iron lung could toler

ate doses of succinylcholine 450 times the paralyzing 

dose. Paton and Zaimis (?) in their toxicity studies of 

the ClO derivative on r abbits and cats, found they were 

able to receive curarizing doses of the elO compound daily 
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for six weeks without change in type or degree of the 

paralysis, or deterioration in the health of the animal. 

Thus, the freedon from toxicity of succinylcholine com

pares with that of dec~methonium bromide. 

DOSAGE AND ADMINISTRATION 

How Supplied 

Succinylcholine ( ' Anectine', Burroughs Wellcome; 

'Quellicin', Abbott; 'Sucostrin', Squibb} is supplied in 

10 cc. multiple dose vials, 20 mg/cc; 10 cc ampuls, 50 

mg/cc; and ampuls of 100 mg dry substance, along with 

2 cc diluent. This is as the chloride. Succinylcholine 

iodide was used in almost all earlier experiments, but 

the fear of administering too large quantities of iodide 

led all users to s·witch to the chloride. Succinylcholine 

chloride is somewhat more potent t han the iodide, 100 mg 

of t he chloride equalling 150 mg of the iodide (Ri chards 

and Youngman (39) ). 

Technique of Administration 

Mayrhofer (36) does not believe succinylcholine ap

pears to be suitable for use in combination with local 

analgesics because of the s mall margin between relaxing 

dose and the paralyzing dose, and because of the rather 

painful muscular twitchings (from his personal experience), 

at the onset of its action. 
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The particular techniques of administration in re

lation to the different uses of succinylcholine will large

ly be covered in the section ncLINICAL INDICATION AND APPLI:.. 

CATIONS'', but a discussion of the usual dosages used in 

single and continuous administrations , and certain pre

cautions, will be given here . 

Pouison et a l (40) found in their experiments in ani

mals (cats and rabbits) and in volunteer medical students 

that the degree of muscle- fibrillation depended primarily 

on the rate of the injection, 20-30 mg succinylcholine 

in less than 10 seconds invariably giving rise to a 'twitch

reaction' of varying degree. In most cas es the same dose 

administered in the course of 20-30 seconds resulted in 

less mus cle-fibrillations and in about 25% of the cases 

no twitch was seen by them. When , they infused the same 

dosage (mechanically) in the course of 30-60 seconds, al

most no muscle-fibrillation was seen. In most cas es the 

' paralysis following rapid injection was complete and of 

short duration (1-2 minutes). After slow infusion the 

paralysis was less pronouneed, but of longer duration (2-

3 minut es). Their experimental results were confirmed 

by two years of clinical experience 1;-fith a bout 2000 ad

ministrations of the drug. 

Most have abandoned the use of a mi xture of barbi

turate and all relaxants, since a small proportion of 

patients complain of suffocation symptoms. Since succi-
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nylcholine is also hydrolyzed by the high pH of barbi

turate solutions, this is still another reason why they 

should not be given together. Rose (41) uses the two

syringe method, t.ne succinylcholine following. 

Britton and Volpitto (42} found the dosage of suc

cinylcholine in general could be fairly well determined 

by the age, weight, build and condition of the patient; 

old, thin;~ , flabby individuals in poor physical condition 

needed ,less succinylcholine than healtµy persons . In con

trast, Durrans (34) believes the response to and the re

covery time from, a given dose of a relaxant vari es very 

little with either the age or the physical condition of 

the patient . He has been very surprised at t he toler~nce 

to the drug of the aged and very sick patients, it being 

his impression that these patients require relatively 

more relaxant than the fit younger patients, in contrast 

to exper ience witn thiopentone . Lund (43) finds that the 

amount varies; the average adult requiring about 30 mg, 

the robust male requiring about 40 mg, and 10- 20 mg suf

ficing in debilitated, senile adults and in children un

der 10 years of age. Hurley and Munro (44} find, as a 

result of experience gained from 156 administrations of 

succinylcholine as a relaxant in ECT, that 4/5 of the dose 

is sufficient for women. Price and Rogers (45) original

ly calculated the dosage in mg of succinylcholine as the 
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weight in pounds divided by 4. They now use less, how

ever, simply 20-J0 mg. Ri chards and Youngman (39) have 

found that adequate doses of relaxant drugs always depress 

respiration to s ~ch an extent that it should be as sisted 

or controlled, and if s o, they believe ther e is seldom 

any point in givi ng a minimum dose of such a short-act-

ing relaxant as succinylcholine. They usually give a full 

dose of 100 mg t o adult s. T'ney do not believe that in

creasing the dosage makes its effect last any longer. 

It is evident from Col l ier's report (20) that in a nor-

mal patient the l arger the dose of s uccinyl choline the 

longer it lasts. Hence it is desirable to use the least 

dose of the drug possible that will give the needed relax

tion. Foldes (46 ) supports this and believes that the 

single {1.1 mg/kg ) dose advocated in British reports 

(Bourne (47) and Harper( 48) ), are unnecessarily high. 

He has found that in administration to over 400 patients 

20-JO mg of succinylcholine was adequate. This was found 

to give ade quate relaxation for 3-5 minutes, long enough 

for an unhurried intubation, the main use of the single 

injection. Bourne et ar~Jse a 5% solution, and the usual 

dose expressed in ml. as 1/100 of the body weight in pounds . 

Thus for a man of 160 pounds t h e dose i·ms 1. 6 ml . ( 80 mg). 

For ECT Bourne et al (16) use doses½ this. They state 

t hese doses were safe, but smaller doses were often found 
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satisfactory. Bourne (49), in replying to 1"oldes (46), 

agreed that a dose of succinylcholine less than 1.1 mg/kg 

is satisfactory for single injection, and states further, 

"In my experience with 740 patients, using doses within 

0.55-1.1 mg/kg, I have occasionally found slight delay 

in recovery, but in no patient did apnea exceed 15 minutes . " 

Paton and Zaimis (7) state, "The brevity of action 

of succinylcholine has led to its use in a novel way, by 

continuous infus i on. This offers the advantage t hat a 

very accurate control of depth of relaxation can be ob

tained, and that when required rapid return to normal can 

be obtained by stopping the infusion. 11 Foldes (46) has 

achieved prolonged and readily controllable muscular re

laxation by the continuous intravenous administra tion of 

dilute succinylcholine solutions. Following the initial 

dose of 10-30 mg h e administered a 0.16% solution at the 

rate of 10-60 drops/minute (average equals JO), deliver

ing to the patient about 1-5 mg/minute, which s ~emed to 

him to be the rate range in which hydrolysis took pl ace. 

ith this method of relaxation, he controlled the intensi

ty of muscular relaxation by changing the rate of the in

fusion, its effects disappearing completely within 3-5 

minutes after stopping i t s administration . Richards and 

Youngman (39) use a 0.1% solution, starting the solution 

i mmediately after i ntubation at a rate of about 4 mg/min-
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ute (80 drops/minute), which·· maintains full relaxation, 

they find. They believe respirations should be assisted 

or controlled and the rate of infusion should not be var

ied with respirat ions as 'Ihesleff et al (14) in Sweden 

believe. Poulson et al (40) found the paralysis follow

ing continuous infusion to be less pronounc ed but of long

er duration than that produced by rapid single injection. 

Green (50) finds the quantity of drug required for any 

standard operation to vary considerably from patient to 

patient and cannot base his dosages upon weight or phys

ique. In 150 operations he gave an average dose by con

tinuous drip of 480 mg/h our; extreme doses were as much 

as 900 mg/hour a nd as l i ttle as 125 mg/hour, longer oper

ations requiring a slightly lower average hourly dose. 

He uses a 0.1% solution in normal saline, a test dose 

first being given slowly by intravenous drip to the con

scious patient until some eff ects are felt, usually a 

twitching sensation down the spine . He then rapidly 

follows this rapidly by 0 .5 gram thiopentone and increas

es the drip-rate until good relaxation of t he jaw is ob

tained. The patient is then intubated and anesthetic mix

ture applied. Res pirations are assisted, but at no time 

completely eliminati ng spontaneous respira tions. The drip

rate is adjusted from time to time to produce the required 

relaxation for various stages of the operation, i.e., dur-
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ing gastrectomy, h e finds a fiad& a fast drip gives good 

relaxation during abdominal exploration, but during the 

anastomosis the drip is slowed and some muscle tone allowed 

to return. Using this procedure he has found muscle tone 

to return in alrnost:gases within 5 minutes of stopping 

the drip. Little et al (17) use a O.l~ solution in glu

cose in water fol l owing induction, until apnea occurs, 

then int ubat e. Th ey use the disappea rance of muscle-fib

rillations as the time t o int ubate. They increase the 

drip with opening of the abdomen, and sloi•r it after packs 

and retractors are in position. The maintenance rate, 

necessary to provide adequate relaxation without apnea, 

has been found by them to be approximately 1/3 of the 

rate which produced apnea. They found maintenanc'e rate 

to be from 0.7-11.1 mg/min (average equals 4.2 mg/minute), 

corresponding to 4-12 mg/kg/hour. They have found that 

this technique has provided continuous relaxation , simi

lar to s pinal anesthesia, in operations of over 4 hours 

duration without evidenc es of cumulative effect. :Morton 

(51) uses a pendulum of variable length swinging at a 

given number of times per minute behind the drip chamber, 

so that the drops a re made to keep time wi t h the pendu

lum. Thesleff et a l (14 ) use 1-2 mg/cc in normal saline 

at the rate of 40-60 drops/minute, ~mich they state is e

nough to relax the peripheral muscles but not to paralyze 
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respirations, 200 400 mg/hour being required. Hering

ton and James (52} use a 0.15;o solution in normal saline 

(750 mg succinylc oline in 500 ml . normal saline) . 

CLINICAL I NDICATIONS AND APPLICATIONS 

Little et al (17) state, "The basis for the clini

cal usefulness of succinylcholine is due to several fac

tors; the rapid hydrolysis into natural metabolites, the 

extremely brief a tion of but 2-3 minutes after a full 

relaxant dose, th controllability of both the degree a:nd 

the duration of r elaxation on a minute to minute basi.'s, 

and the low toxic i ty. This has led to its use in ~he 

following varied procedures: 1) to faci litate e.ndot r ach

eal intubat ion, 2} to provide })rolonged and continuous 

muscular relaxation , 3) to provide peritoneal relaxation, 

4) to provide adequate r elaxation for abd ominal closure, 

5) to provide adequate sphincter r elaxation in hemorrhoid

ectomy, 6) to provide adequate relaxation for manipumation 

and reduction of fractures, 7) t o provide perinea l relax

ation during operative vaginal delivery, $) to provide 

glottic relaxation to combat severe laryngospasm, 9) to 

provide adequate relaxation to combat fractures and other 

complications i11 electro-shock therapy, and 10) other less 
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frequent uses, s uch as tetanus, dental procedures and 

hiccough." 

Intubation 
(including bronchoscopy and laryngoscopy) 

Mayrhofer (36) found succinylcholine to be partic

ularly useful in facilitating endotracheal intubation, 

even in patients vrhom other curarizing agents had failed 

to produce adequate relaxation. Lund (43) found the vo

cal cords to be less irritable and adduction of the cords 

less common t han with pentothal. Butt (53) observed ex

cellent relaxation of the vocal cords , permitting easy 

passage of the bronchosc ope with minimal trauma to the 

larynx. She f ound laryngospasm was remarkably reduced, 

and when it did occur, it was very mild. The report of 

Little et al (17) s uppor ts those of Butt (53 ) and Lund 

(43), observing that ideal conditions are produced for 

intubation, and yet, because of its ultra-short action, 

full muscular activity and spontaneous respirations re

turned within seconds or minutes. Bourne et al (16) pre

fer longer-acting relaxants in s ub-paralyzing doses for 

intubation, bronchoscopy and laryngoscopy, as the use of 

succinylcholine proved d ifficult for them in these pro

cedures. Hampton et al (54) compared the action of vari

ous muscle r elaxant s in faci l itating endotrach@al intuba

tion, concluding , ''Not only do such muscle relaxants as 
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d-Tubocurarine, syncurine and flaxedil possess the disad

vantage of long a ctivit y but they also produce ideal con

ditions for intubation with less consistency than does 

succinylcholine. 

The dosage f or intubation varies, as does the method. 

Some ( Bourne et al (16), Little et al t17) and 'l'hesleff 

et al (14) ), if for long operations, use the infusion 

technique, the drip varying from 30-60 drops/minute. If 

intubation is for a short procedure, a single injection, 

varying from 10 (Foldes (46) ) to 100 mg { Richards and 

Youngman (39) ) i s used . In most cases the dosage for 

intubation is used as a test dose {Bourne (49) and Green 

( 50) ) , to determi ne the patient's reaction t o the drug. 

Little et al (17) inject ed initia lly 10 mg, and after ob

serving its effec t in 60 seconds, injected another 10-50 

mg (average JO). This was followed by apnea, the patient 

was hyperventilated with nitrous oxide/oxygen mixture and 

then intubated. This, in general, is the procedure for 

intubation, bronchoscopy and laryngoscopy. Foldws (46) 

and Butt (53) found the r elaxation of the cords so pro

found that no loca l anesthetic was necessary for laryngo

scopy or bronchoscopy. 

La ryngos pasm 

Mayrhofer (36 ) used s uccinylcholine several times 

for laryngospasm and found it quickly and s uccessfully 
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relieved various degrees of laryngospasm after thiopen

tone administration. Most ( 1JT..ayrhofer (36), Foldes (46), 

Lund {43), Little et al (17) and Butt (53) ) feel that 

the relaxation produced by succinylcholine is so profound, 

that spraying of the cords is unnecessary, and still the 

incidence of laryngospasm is markedly reduced . Lund (43) 

found, in treatment of laryngospasm, that 30-50 mg s uccin

ylcholine enabled intubation within 30 seconds, thereby 

facilitating oxygen therapy. 

Abdominal Relaxation 

Bourne et al {16) state, "Succinylcholine in abdomi

nal relaxation can be applied in four different ways: 

a) to supplement curare or gallamine, given both before 

them for intubation and at the end for sewing up, there

by obviating the need for additional doses of curare or 

gallamine, making recovery faster, and making the use of 

their antidote, neos t igmine, less often necessary, b) 

succi nylcholine has been used successfully to s upplement 

decamethoniurn in some old and bronchitic patients, where 

it was thought inadvisable to give neostigmine, bec~use 

of its action on bronchial secretion, c) as a sole relax

ant and given by frequent repeated injections, and per 

intravenous drip . " Kay(~~ltes it is the best relaxant 

for appendectomy. Richards and Youngman (39) believe the 

time and degree of relaxation for abdominal procedures 
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is better controlled than ~dth any other relaxant. Typi

cally, for abdominal procedures , an intravenous drip is 

used. Most use succinylcholine throughout (Mayrhofer (36), 

Bourne et al (16), Foldes (46), Little et al (17), Lund 

(43) and Butt (53) ), but some use it only in the begin

ning for intubation and at the end for abdominal closure 

(Thesleff et al (14), M.a cKay (56), Lehmann and Silk (22), 

and Poulson et al (40) ). Those who advocate continuous 

drip increase the rate of the drip when the abdomen i s 

opened and until retractors , etc., are in pl ace, and slow 

the rate after exploration is completed, especially at 

the time of anastomosis. The rate is then increased for 

abdominal closure . Those who advocate S¥Ccinylcholine 

at the beginning and at the end of surgical procedures, 

us e the usual dose of 10-50 mg for i ntubation, and the 
' 

same amount (if that dose is satisfactory) at the time 

of peritoneal closure. This way added dosages of longer 

relaxing agents is not needed at the end, and the recov

ery of the patient is greatly hastened. 

Sphincter Relaxation 

Little et al (17} describe the use of succinylcho

line for sphincter relaxation in hemorrhoidectomies with 

the use of repeated doses of 10-20 mg . They found suc

cinylcholine to produce excellent relaxation of the anal 
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sphincter and obtundation of the potent recto-laryngeal 

reflex . 10-20 mg were given immediately prior to sphinc

ter dilitation and repeated as necessary for relaxation. 

Perineal Relaxation 

Little et al (17) and Richards and Youngman l39) have 

described the use of succinylcholine for perineal relaxa

tion for cephalic version and other difficult obstetrical 

procedures. Richards and Youngman (39) have used the drug 

in 12 cases , 100 ng being given after 0.5 gram of thio

pentone . When manipulation was prolonged, a second dose 

was given . Little et al (17) established light general 

anesthesia, and then gave 10- 20 mg immediately prior to 

the moment of need for perineal relaxation . They found 
(' 

the perineal relaxation so achieved startling in its pro

fundity, thus making it possible to perform diff icult 

operative obstetri cs with minimal trauma to the mother. 

They give a word of caution, however , n.Iii one instance, 

two 10 mg doses administered within 60 seconds of each 

other, while providing the desired degree of relaxation, 

also a pparently crossed the placental membrane , for the 

infant was completely flaccid and apneic upon delivery. 

Recovery ·was extremely rapid, spontaneous respirations 

occuring by the time the cord was cut, but the experience 

dampened enthusiasm for the utilization of this technique 

in obstetrics.n 
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This is in direct contrast to the report of Thesleff et 

al (14), who at the time of caesarian section injected 

50 mg succinylcholine into the uterine arteries on three 

occasions, and reported no adverse effects. 

, Tetanus 

Woolmer and Cates (57) have described a case of tet

anus treated successfully with succinylcholine. Bourne 

et al (16) mention its use. Woolmer and Cates (57) first 

assessed by singl e intravenous i n jections the patient's 

response to the drug. 10 mg was found to cause complete 

flaccidity and necessit ated artificial respiration with 

oxygen. Two dos es of 2.5 mg two minutes apart were found 

to cause a decrecse in respiratory excursion but ~rithout 

abolishing the trismus. On these findings they gav~ an 

intravenous drip of norma l saline solution containi ng 

3 mg/ml., the rat e being varied to deliver between 1.5 

and 3 mg/minute. On t his regime t hey found the patient 

to be more comfortable and free from major s pasms for 

several hours, but the patient could not swallow or clear 

her throat. By making minor a lterations in the r ate of 

infusion they steered the patient between mild overdosage 

(diplopia, shallow r espiration 1;-1ith cyanosis) and under

dosage (painful spasms of the neck and back, together with 

laryngeal s pasms). Their report leaves little doubt that 

succinylcholine contributed t o this patient's recovery. 
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Larg er doses of hypnotic drugs would have been needed 

to achieve equivalent relaxation, and this would have en

dangered the alre ady embarassea respiratory system. The 

change in dosage was thought presumably due to the fact 

that, as time went on, more toxin was being neutralized 

by antitoxin, and the ac etylcholinesterase balance was 

moving in the direction of decreased muscle tone. The 

need to vary dosage and the need to give oxygen with arti

ficial respiration mean that this form of treatment entails 

virtually continuous medica l attention, day and night, 

for several days. In t his case, however, this constant 

vigilance was rewarded by recovery of the patient. 

Electro-shock Therapy 

Holmberg and Th esleff (58) state, nsince Bennett in 

1940 introduced curare as a prophjlactic measure in EST , 

this method has been widely used. It has not, hov1ever, 

been possible to give s ufficiently large dos es to prevent 

fractures entirely. All the preparations hitherto tested 

have such a prolonged eff ect that it is necessary to an

ticipate respiratory failure, necessitating prolonged 

supervision after therapy . n Mayrhofer believes the short

lasting paralys is and the freedom from side-effects make 

succinylcholine the ideal drug for mitigating the muscle 

contractions during EST . Price and Rogers (45) found 

more rapid and more complete modification of the fit than 
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was possible with gallamine . Thiopentone dosage was 

found to be less with succinylcholine, making possible 

a more rapid recovery of the patient , and less fall in 

the blood pressure . Price and Rogers describe three tech

niques used: 1) atropine gr 1/75 and thiopentone 250 

mg followed by s uccinylcholine at 20- 45 seconds, and oxy

gen rebreathing f or 1 minute after injection of s uccinyl

choline, t hen applicat i on of the current, 2) suc cinyl

choline mixed in the same syringe as atropine and t hio

pentone and given immediately , inflation with oxygen as 

before, shock be i ng given at 45 - 60 seconds, 3) thiopen

tone 150 mg, atropine 1/75 gr, i njected in 4 or 5 sec 

onds, followed by succinylcholine in a 1 ml. syringe at 

10 sedonds through the same needle, then inflation with 

oxygen per mask, shock given at 1 minute . 'I'hey found 

that # 3 was the most efficient. Taylor (60) uses 3 gr 

of Na Amytal 1 hour prior to therapy, and just before 

shock, 5 mg succinylcholine is given in 10 seconds . Oxy

gen has been given by him in 50o/o of his administrations 

(25 cases) . Richa rds and Youngman (39} use t he follow

ing proce~dure: a t ropine 1/200 and hyoscine 1/200 gr 3/4 

hour before therapy. Thiopentone 0.4- 0 . 6 gram, followed 

by succinylcholine iodide (50- 100) or s uccinylcholine chlor

ide (30- 60) in two minut es . In one minute the shock is 

applied and t h e l~ngs are inflated with oxygen during the 
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short period of apnea. Thesleff et al (141 give a 150 

mg thiopentone and 0.3 mg/kg succinylcholine mixture in 

60 seconds, with simultaneous inhalation of oxygen. 20 

seconds after termination of the injection, the shock is 

given. With this technique they found that t he majority 

had only slight muscular twitchings, and the procedure 

was over in about 7 minutes. Holmberg and Thesleff (58) 

found that spontaneous respirations occur in 1-2 minutes 

and when respirat ions are regular, the patient is returned 

to the ward safely, in about 5-7 minutes. They use 0.3 

mg/kg. The mixture is given slowly for the following 

reasons: 1) the paralysis does not set in so violently 

and is not so unpleasant for the patient, 2) the full 

effect of a barbiturate is not obtained in a shorter time, 

3) if the barbiturate is given more rapidly, there is 

risk of laryngospasm and decrease in blood pressure. When 

the injection is given, oxygen is given per mask to rule 

out anoxia during treatment. Equipment for intubation 

should always be at hand incorder to ensure a free air-

way~ 'l'his method has been given by them to 136 patients, 

for a total of 512 therapies. The strength of the contrac

tions were graded a s follows: normal, definitely decreased, 

and slight, the lat ter meaning the patient was so relaxed 

that the limbs were not l ifted off the bed. I n 13 patients 

the strength of the convulsions ,was found to be normal 
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(not definitely decreased), in 57 they were definitely 

reduced to slight , and in 38 they were slight . 

Manipulations 

Richards and Youngman (39) use 10-20 mg succinyl

choline for manipulations and r eductions of fractures, 

injected slowly to prevent any marked muscle-fibrilla

tions, and found that it gives a more profound relaxa

tion than any other relaxant. Vaz and Bishop (61) first 

establish li@1t general anesthesia and in 15 seconds in

ject about 25 mg succinylcholine. They have found that 

by the time the plaster is applied the patient is recov

ered sufficiently to need no further attention. 

Other Uses 

Bourne et al (16), Bourne {49), Vaz and Bishop (61) 

and Lund (43) have used succinylcholine for prolonged 

hiccough with good results. Williams (62) has used suc

cinylcholine in 64 denta l cases and has found that it 

gives a more profound relaxation than any other relax-

. ant. 

Lund (43) has used succinylcholine to supplement spinal 

anesthesia since h e has found that additional relaxation 

is frequently needed during the last stages of longer 

operations. 

Bourne et al (16) have used succinylcholine in com

bination with other relaxants, stating that it doas not 
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interfere with t he longer-acting relaxants when used for 

induction, or when administered at the time of abdominal 

closure · for added relaxation. 

SIDE-EFFECTS 

Little et al {17) state, "Side-effects as are seen 

are produced only with large doses, and since succinyl

choline resembles acetylcholine in both chemical struc

ture and d epolarizing action on the motor end-plate mem

brane, it is not s urprising t hat the side-effects seen 

with large doses in some ways mimic the pharmacological 

effects of acetylcholine. In the dog, for instance, suc

cinylcholine produces salivation, and in the r abbit and 

guinea-pig, the drug produces some stimulation of the in

testine. In large doses that are about 25 times the re

laxant dose, succinylcholine has a nicotinic eff ect up

on the blood pressure of experimental animals, causing 

a hypertension similar t o that produced by acetylcholine. 

'lhis effect was not seen with paralyzant doses in man, 

however, which have no effect upon . bl ood pressure, heart 

rate or rythm . Furthermore, succinylcholine does not ap

pear to liberate histamine in man, or at least liberation 

is less than 1/100 of the amount produced by d-Tubocurar

ine. Finally, succinylcholine does not appear to block 
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autonomic ganglia in either man or experlilmental animals." 

Britton and Volpitto (42) found no unwanted side-effects 

except for muscular twitchings accompanied bf increase 

in depth of respirations when succinylcholine was injec

ted too rapidly. Bovet et al (10) and Brucke et al (15) 

found that succinylchol ine causes an increase in flow of 

saliva. Bourne et al (16) have been unable to confirm 

this experimentally in man, finding that no increase in 

flow of saliva occurred in patients who received premedi

cation with papaveretum and i n those who received none . 

Gray ( 63) not iced after giving the following sequence 

of drugs - d- Tubocurarine, succinylcholine, atropine, neo

stigmine and succinylcholine - the last dose of the lat

ter being 25 mg, a most alarming bradycardia (30) followed 

by vomiting of what appeared to be recently secreted sto

mach cont ents. He thought it was inconceivably related 

to the succinylcholine but gave a possible mechanism of 

intense inhibition of tissue cholinesterase due to the 

combined action of neostigmine and succinylcholine. 

Green (50), in his obser vations with the use of suc

cinylcholine, has n oticed an increased blood pressure in 

25% of the cases, and a decreased pulse r ate in 4<Yfo of 

the cases. 

Franks (64} has found one apparent drawback to the 

use of the drug, i . e., a tendency to increased bleeding 
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associated with a moderate hypertensive effect. 

Foldes et al (27} found no harmful side-effectw 

in the dose-range of succinylcholine employed. 

Prolonged Apnea 

Bourne et al (16) reported apnea lasting between 

8 and 15 minutes in 5 of 546 patients. Evans et al (24) 

found only 2 long-reactors in more than 400 patients. 

Richards and Youngman (39) noted no long reactions in 

250 patients, and Foldes {46) saw none in 400. Butt (53) 

noted apnea exceeding 6 minutes in only one patient in 

1,000. Herington and James (52) noted no prolonged a:pnea 

in 2$9 cases. Of an aggregate therefore of almost 3000 

reported cases, apnea exc eeded 7 minutes in only 8, and 

21 minutes in none . Col lier (20) states, nseveral possi

bilities, which have no t always been excluded, shoul:i be 

considered in examining the cause of prolonged action af

ter the use of succinylcholine. It is possible that man

ual ventilation helps to prolong apnea through 1) acapnea, 

2) the Hering-Breuer reflex, and 3) potentiation of other 

drugs used in anesthesia, such as thiopentone." Durrans 

(34) has discussed the associated possibility that ~"drugs 

other than succinylcholine may ca:1se prolonged apnea nnd 

gives reasons suggesting that the effect is due to depres

sion of the respiratory centre. Barron (65) terminated 

some prolonged apneas after succinylcholine with niketha-
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mide, supporting this view, since nikethamide is well 

known to antagonize central respiratory depressants. 

The importance of the 'pseudo'-cholinesterase level 

ha s been brought out by Bourne et al (16}, Evans et al 

(24), MacKay (56}, Harper (48} and Grant (67) and Evans 

et al (66}. Evans et al (66), stimulated by studies of 

Whi t taker and Wijesundera (23) on serum- esterase levels 

of human plasma, determined the levels of }!,pseudo'-cho

linesterase in 2 patient s who had reacted to standard 

doses of s uccinylcholine 1'1fi t h paralyses of 20 and 21 min

utes. They found the l evels to be very low, both being 

12 units, and t h e levels of 4 patients who responded nor

mally to be from 55-98 units. Bourne et al (16) studied 

the 1 pseudo 1 -choli neste r ase levels of 6 nonnally reac t ing 

patients and 6 who had r eacted to standard doses with ap

nea over 8 minutes . They found the levels in the normally 

reacting patients, in Callaway (33} units, to be 88 .5 ":! 6.9, 

and in the l ong reactors to be 38.3 ± 6. 8 units . 

Treatment of Prolonged Apnea 

The following s uggestions have been made a s to how 

to deal with long r eaction 1) r eduction of t he doses 

of drugs liable to de pres s t he respiratory centre and a

voidance of hyperventila t ion. Durrans {34), Ba rron {65) 

and Richards and Youngman (39) give evidence that impli

cates central respi r at ory de pression as the cause of the 
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prolonged apneas seen after succinylcholine. It is there

fore logical to reduce the doses of drugs s uch as papav

eretum and thiopentone. 2) Reduction to a minimum of the 

dose of succinylcholine used. Foldes (46) and Lehmann 

and Silk (22) g ive evidence that the larger t he dose the 

longer t he action, hence it is desirable to use the least 

dose of succinylcholine possible that will give the need

ed relaxation. In contrast, Wolfers (68) believes that 

a patient's response to succinylcholine varies from day 

to day, and it is hard for him to accept the theory of 

overdosage or depressants caQsing prolonged response. 

3} Observation of special caution in patients likely to 

have a low plasma-cholinesterase, e.g., those s ~ffering 

from starvation, liver disease, anemia, and exposure to 

certain insecticides. Bourne et al (16), Bourne (49), 

Grant (67), Harper (48), Cowan (69), Harrison et al (70) 

and MacKay (56) s t ress the importance of this observation 

in preventing prolonged action. Cowan (69} cites a case 

of severe gastrointestinal bleeding which had to be trans

fused with 7 pints of blood. At the end of gastric sur

gery, succinylcholi ne was given and. complete apnea result

ed. Respirations did not return until a pint of 2 hour 

old blood had been given. The plasma-cholinesterase was 

found to be 8 untts. Harr ison et al (70) report similar 

results after 1/3 of a pint of fresh blood had been given. 
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Harper (48) and Thesleff (32) sug gest the pos sibility 

of a cholinestera se inhibitor, e.g., T.E.E.P. Callaway 

et al (33) have shown, however, that workers in insecti

cide factories have only slightly, to no, depression of 

their plasma-cholinesterase levels. They also found that 

in the average adult population, low plasma-cholinester-

ase levels are extremely rare. Grant (67) suggests rou

tine plasma-cholinesterase measurements, but this determi

nation at present is lilmpracticable. 4) Preliminary test 

dose of succinylcholine. When it is intended to give re

peated doses or continuous intravenous drip, the first 

dose (for intubati on) can be regarded as the test dose. 

This procedure was first suggested and tried by Bourne et 

al (16). 5) A preliminary test dose of acetylchol~ne. 

Collier (20) states this would be of little value because 

the acetylcholine would be destroyed by the cell, or 'true'

cholinesterase. 6) Use of an antagonist. Theoretically 

the obvious antagonist is 1 pseudo'-cholinesterase itself; 

and Evans et al (66), Cowan (69), Harrison et al (70), 

Bourne (49) and Barnard (71) reported its effectiveness 

in a few cases. As Lehmann and Silk (22) and Bourne et 

al (16) point out, fresh plasma or whole blood might be 

used, but it would requir e a large transfusion to appreci

ably raise the enzyme concentration of the r ecipient's 

plasma. This has been borne out by experiences of Har

rison et al (70) and Barnard (71), who had cases of pro-
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longed response refractive t o transfusion of day-old blood, 

but, after the administration of blood only a few hours 

old, the patients recovered quite promptly. 

ADVANTAGES 

Foldes et al (27) state, n The specificity and rapid 

onset of act i on of succinylcholine, its readily controlla

bility, its wide margin between muscular relaxation and 

respiratory arrest and rapid and complete recovery after 

the cessation of its administration establish it as un

surpassed in the field of muscular relaxants. There has 

been no evidence of unwanted side-effects such as increased 

salivation, bronchospasm, tachycardia, hypotension or hy

pertension. No other agent in anesthesia can be as readi

ly control led as succinylcholine. It has a relative spar

ing a ction on respiration. !1.fovements are smooth and less 

diminished-than produced by other relaxants. No evidences 

of blocking or stimulating the autonomic ganglia have 

been noted in man. Ther e is less depressant action of 

the CNS (as evidenced by the fact that the per minut e dose 

of pentothal is gr eater with succinylcholine than with 

other relaxants). n Ellis et al ( 38) have shown experiment

ally that succinyl choline has less central respiratory 

depression action . Britton and Volpitto (21) found it to 
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produce ideal conditions for transition to inhalation 

anesthesia. Swerdlow (72) emphasized the advantages of 

succinylcholine due to its short action, and thus rapid 

return of muscle t one, giving support to the veins and 

thus aiding venous return and cardiac output. Its short 

action also facilitates rapid return of the cough reflex, 

decreasing the incidence of post-operative chest compli

cations. Lund (43), Bourne et al (16) and Thesleff (32) 

emphasize the fact that succinylcholine is metabolized 

into normal metabolic or natural products. 

DISADVANTAGES 

Foldws et al ( 27) state, " The disadvantages are not 

serious: 1) the administrations require greater atten

tion on the part of the anesthesiologist. 2) Somewhat 

higher doses of pentothal were required ,11i th s uccinylcho

line than with other relaxants. Consequently, the aver

age recovery time of patients who had been given succinyl

choline and pentothal was considerably longer than when 

other relaxants were used (79 as compared to 33-58 min

utes).n 

Little et al (17} report a case of flaccidity in a 

newborn when succinylcholine was used for perineal relax

ation, thus it apparently crosses the placental barrier. 

Swerdlow (72) thought some patients were unable to keep 
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pace with the rat e of succinylcholine administration . 

!/illiams ( 62 ) thought there seemed to be more hem

orrhage ,v""i th the use of succinylcholine. 

SUMMARY 

1. Succinylcholine was first mentioned in 1921, but it 

was not until 1949 that its potent neuromuscular blocking 

activity was discovered, because the original experiments 

were on curarized animals. It was first hydrolyzed in 1941. 

It was not until 1951 and 1952 that suc•cinylcholine was 

found suitable for clini cal use. 

2. Succinylcholine clos ely resembles acetylcholine, hav

ing a depolarizing action probably like that of ac etyl

choline in that i t acts on the end-plate. 

3. 'I'he drug ac t s ½-1 minute after intravenous injection 

and the eff ects are usually dissipated within 2-4 mmnutes. 

Paralysis begins in the muscles of the eye, as evidenced 

by diplopia, and progresses to the pharynx, thence to 

muscles of the body, except the diaphragm, which is last 

effected. Thus the order of paralysi s is the same as 

with the other relaxants. Fine muscle-fibrillations are 

seen 12-15 seconds after the injection, thought to be a 

manifestation of depolarization of the end-plate. Their 

termination signifies the onset of paralysis . The speed 
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of action of succinylcholine depends upon the speed of 

its removal by ' pseudo'-choiliinesterase of the plasma, 

therefore it might be wise not to give succinylcholine 

to patients likely to have a low serum-esterase level; 

such may be found in anemia, inanition and possibly those 

suffering from insecticide poisoning. Low 1 pseudo 1 -cho

linesterase levels have been demonstrated in several pa

tients who reacted abnormally long to the drug. 

4. In comparison with other relaxants, succinylcholine 

was found to have the strongest neuromuscular blocking 

effect and the weakest stimulating eff ect to the autono

mic ganglia. Since its action is due to end-plate de

polarization , it is not counteracted by anti-cholinester

ases, such as neostigmine, as is d- Tubocurarine and £laxe

dil. Its action is prolonged by such drugs. Succinylcho

line resembles decamethonium in action, but differs from 

that drug in being hydrolyzed by ser um-esterases. Com

pared with d-Tubocurarine, succinylcholine produces little 

or no histamine liberat~on . The latte r is about 3 times 

as potent and has a histamine-liberating effect about 

1/100 as great as t hat of d-Tubocurarine. Due to its po

tency it has a relative sparing action on respiration. 

5. Toxicity studies have revealed that animals could with

stand enormous doses of succinylcholine without any dele

terious eff ects. 
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6. Succinylcholine ( •Anectine•, Burroughs Wellcome; 

'Quellicin', Abbott; ' Sucostrin', Squibb) is supplied 

in 10 cc multiple dose vials, 20 mg/cc; 10 cc ampuls, 

50 mg/cc; and ampuls of 100 mg . dry substance. The drug 

is supplied as the chloride. The iodide is not used as 

extensively as the chloride because of the fear of ad

ministering too great quantities of iodine. 

7. Succinylcholine should be used only by anestheliogists 

with anesthetic equipment. 

8. Succinylcholine should be given slowly (about 30 sec

onds) to prevent muscle-fibrillations. It should not be 

mixed with barbiturate solutions unless given immediately 

as the alkaline pH of these solutions rapidly hydrolyzes 

succinylcholine. 

9. The dosage used varies greatly, according t o the ad

ministrator, but generally it is accepted that the small

est dose that will produ ce adequate relaxation should be 

given. This is usually in the range of 10-50 mg for sin~ 

gle injections, and between 30 and 60 drops/minute of a 

0.1% solution for intravenous infusion. Averages are: 

30 mg. for single injection and 30 drops/minute for in

travenous infusion . 100 mg. of the chloride is equiva

lent to 150 mg. of the iodide. 

10. Rapid hydrolysis into normal metabolites, extreme

ly brief action of but 2-3 minutes, the controllability 
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of both the degree and the duration of relaxation on a 

minute to minute basis, and t he low toxicity, form the 

basis fo r succinylcholine's wide clinical usefulne s s . 

This has led t o i t s use in facilitating endotracheal in

tubation, providi ng pr olonged and continuous muscular re

laxation, obtaini ng per itoneal relaxation, relaxation for 

abdominal closur e , sphi ncter relaxat i on, relaxation for 

manipulations and reductions, perineal relaxatioc during 

operative vaginal delivery, glottic relaxation for laryngo

spasm, relaxatior. during electro-shock therapy, and other 

less frequent uses such as tetanus , dental procedures and 

hiccough. It has been found that succinylcholine produces 

ideal conditions for all the above usages with greater 

consistency than any of the other relaxants. 

11 . The side-eff ects seen with s uccinylcholine are minor 

and few. It has no effect on t he hea rt, blood pressure, 

CNS, salivation or histamine liberation (as evidenced by 

absence of bronchospasm or laryngospasm and absence of 

wheel on skin tes t ing). There are conflicting reports a

bout the eff ect of succinylcholine upon the gut, both 

experimentally and clini cally, although most users of the 

drug in abdomina l procedures slow up the infusion when 

gut anastomoses ar e being made . This might suggest that 

succinylcholine s t imula t es, or has a cholinergic action, 

upon the gut. 'l'h ere has been only one report of brady-
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cardia and vomiting following administration of s uccinyl

choline, and the evidence would seem to point more to the 

neostigmine which was also administered. In one report 

of 50 cases, an i ncreased blood pressure in 25;~ and a 

slowed pulse rate in 40fo was noted. There has been one 

report of the observation of a pparent increased bleeding 

with the use of succinyl choline, although there has been 

no confirmation or support of this observation by other 

authors. 

12. Apnea is cons idered as the main side-eff ect of suc

cinylcholine, yet there have been reports of only 8 cases 

of prolonged apnea (more than eight minutes) in almost 

3000 cases of its use. An investigation of the causes 

seems to lead to a deficiency of 'pseudo ' -cholinesteras,e 

of the plasma. This has been conf irmed by several authors 

by t he determination of the serum-levels of those patients 

who reacted abnormally to t he drug, with the finding of 

low 'pseudo 1 -cholines terase levels . 

13. The advantages of s uccinylcholine stem from its brevi

ty of action, hydrolysis into natural metabolites of suc

cinic acid and choline, absence of side-effects and readi

ly controllability. It is not contraindicated in those 

patients afflicted with myasthenia gravis. 

14 . The disadvantages arise mainly from the constant 

attention required when admini stering the drug, therefore 
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having nothing to do with the patient as far as adverse 

effects. A furt her disadvantage, altho~gh it is rarely 

encountered, is the occasional long-reactor to the drug. 

These patients are also poor surgical risks, however, 

those who have severe anemia, suffer from severe malnu

trition, post-irradiation patients, and possibly patients 

suffering f'rom insecticide poisoning. 

CONCLUSION 

The results of clinical administration of succinylcholine 

seem to have justified extreme degrees of enthusiasm be

cause of its potent ability to paralyze, and, in addition, 

it resembles acetylcholi ne, so that it is rapidly hydro

lyzed into natura l metabolites which apparently have no 

deleterious effec t s upon the human body. The duration 

of its action is lliUCh less than other relaxants giving 

it a great range of controllability. A word of caution 

could well be mentioned, however, because of its potency. 

This means that only those who are familiar with its ac

tions and familiar with all types of anesthesia, should 

be permitted to use this drug. The infusion technique 

is fraught with dangers - it demands the absolute and un

divided attention of the anesthesiologist at all times; 

furthermore, even t he extensive trials both in the United 
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States and in Europe have failed to provide conclusive 

evidence to answer some vital questions: the eff ects 

upon· the liver, upon the kidney, upon the CNS, and up-
' 

on the cardiovascular system, including the bleeding mecha

nisms, both under normal conditions as well as in the pres

ence of all manner of pathological processes . 

( 55) 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

BIBLIOGRAPHY 

Hunt, Reid and Taveau, R. de M. : The effects of 
a number of derivatives of choline and analagous 
compounds on blood pressure, Public Health and 
Marine-Hosp. Service of the United States 73:136, 
1911 . 

LeHeux, J.W. : Cholin als hormon der darmbewegung, 
Pflug Arch. ges. Physiol. 190:280, 1921 {cited by 
Collier, 195 3). 

Glick, D. : Techniques of histo- and cytochemistry, 
a manual of morphological and quantitative micro
methods for inorganic, organic and enzyme constit
uents in biological materials, J. biol. Chem. 137: 
357, 1941. 

Fusco, R., Palazzo, G. i Chiavarellii s. and Bovet, 
D. : \cited by Colier, 1953), uazz. Chim. ital. 
79:129-837, 1949. 

alker, J. : Some new curarizing agents , J. Chem. 
Soc. 18:193, 1950. 

Barlow, R. B. and Ing, H.R. : Curare-like action oK 
poly- methylene bis- quaternary ammonium salts , Na
ture 161: 718, 1948. 

Paton , W.D.M. and Zaimis, E.J. : Clinical potentiali
ties of certain bisquaternary salts causing neuro
muscular and ganglionic block, Nature 162:810, 1948. 

Butyle, G.A.H. and Zaimis , E.J. : The action of deca
methonium iodide in birds , J. Pharm. Pharmacol. 
1:991, 1949. 

Phillips, A. P. : Synthetic curare subs ti tut es ·from 
aliphatic dicarboxylic acid aminoethyl esters, 
J . Am. Chem. Soc . 71:3264, 1949. 

~ovet , D., Bovet - Nitti, F., Guarino, s ., Longo , V.G. 
and 1,i.arot ta, 1v1. : Investigations on syn th et ic 
curarizing drugs, Rend . 1st Super. Sanita (Rome) 
12:81, 1949 . (cited by Collier). 

Castillo, J.C. and de Beer, E.J. : The neuromuscular 
blocking action of s uccinylcholine ldiacetylcho
line), J. Pharmacol. & Exp . Therap . 99:458, 1950. 

{ 56 ) 



12. Thesleff, S. : An investigation of the muscle-re
laxing action of succinylcholine iodide in man 
Acta. Physiol. Scand. 25:348, 1952. ' 

13. thesleff, S. : An investigation of succinylcholine 
iodide in man, Acta. Physiol. Scand. 25:368-376, 
1952. 

14. 'l'hesleff, S., von Dardel, o. and Holmberg, G. : 
~u?cinrlcholine iodide - a new muscular relaxant, 
~rit. J. Anaestn . 24:238, 1952. 

15. Brucke, H., Ginzel, K. N., Klupp, H., Pf~ffenschlager, 
1". and Werner, G. : .Muscle relaxing effects of 
bis-choline ester of dicarboxylic acid in narcosis, 
Wien. Klin. Wchnschr. 63:464, 1951. 

16. Bourne, J.G. , Colli er, H.O.J. and Somers, C.F. : 
Succinylcholine (succinoylcholine) - muscle re
laxant of short action, Letters to the Editor, 
Lancet 1: 1225, June, 1952. 

17. Little, D. M. , Hampt on, L.J. and Grossk~eutz, n.c. : 
Succinylcholine (diacetylcholineJ : a controlla
ble muscle relaxant, Presented before the 27th 
Congr ess of Anesthetists, Joint Meeting of the 
Internati onal Anesthetists Research Society & 
the Internat iona l College of Anesthetists, Vir
ginia Beach, Va . , Sept. 22-25, 1952. 

1$. Paton, W. D.M. : The principles of neuromuscular block, 
Anaesthes i a, 1: 151-174, Jan., 1953. 

19. Low, H. and Tammelin, L.E. : On succinylcholine, a 
neuromuscular bl ocking drug, and its synergism 
with T.E. P.P., Acta. Physiol. Scand. 23:78-84, 1952. 

20. Collier, H.O . J. : Descendants of dec amethonium, 
Brit. J. of Anaesth. 25:100-112, 1953. 

21. Britton, J.B. , and Volpitto, P.P. : Compatibility 
of neuromuscul ar blocking agents with barbiturates, 
Anesthesiology 1 :92, Jan., 1953. 

22. Lehmann, H. and Silk, E. : Succinylmonocholine, Brit. 
~.J. 1:767-8, 1953. 

23. Whittaker, V. P. and Wijesundera, s. : The separation 
of esters of cholin e by filter-paper chromatography, 
Biochem. J . 51: 348-51, June, 1952. 

(57 ) 



24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

• 

Evans, T. T., Gray , P.w.s., Lehmann, H. and Silk, E.: 
Sensitivity t o succinylcholine in relation to 
serum-cholinesterase, Lett ers t o the Editor, Lan
cet 1:1229, June, 1952 • . 

Foldes, F.F. and Tsuji, F.J. : Enzymatic hydrolysis 
and neuromuscul a r activity of succinyl-monocholine 
iodide, Fed. Pr oceed. 12:321, 1953. 

Tsuji, F.J. and Foldes, F.F. : Hydrolysis of Suc
cinylchol ine i n human pl a sma, Fed. Proceed. 12:374, 
1953. 

Foldes, F.F. , McNall, P.G. and Boreggo-Hinojosa, J. ~ . 
A new approach to muscular relaxation i n anesthes
iology, t.•. Eng. J. Med. 247:596, 1952. 

Paton, W. D. r1 .. . , Brovm, G.L. and Dias, H. Vianna : 
The depr ession of the dema rca tion pot ential of 
cat's tibialis by bistrimethylarnmonium decane di
iodide (ClO), J. Physiol • . 109:15P, 1949. 

Hall, L.W., Lehmann, H. and Silk, E. : Response in 
dogs to relaxant s derived from succinic acid and 
choline, Brit. M.J. 1:134, 1953. 

Harper, J. K. : Pr olonged respiratory paralysis af
ter succinylchol ine, Corres., Brit. M.J. 1:440, 
1952. 

Orton, R.H. : A s hort-a cting muscle r elaxant, s uc
cinyl-chol ine-chloride, M.J. Australia 1:817-818 , 
June, 1952. 

Thesleff, S . : The pha rmacological pr ope rties of 
succinyl choline iodide, Acta. Physiol. Scand. 
26:103-129, 1952 . -

Callaway, s . , Davies, D. R. and Rutland, J.P. : Blood 
ch olinesterase ~evels and range of personal va r i
ation i n a hea l thy adult popul a t i on, Brit. M.J. 
2:812-816, 1951. 

Dur rans, S. F. : Pr olon ged apnea, Letters to the Edi
tor, Lancet 2:539, Sept., 1952. 

Paton, Vl .D.M. and Za i mis, E.J. : Curare-like action 
of polymethylene bis-quaterna ry ammonium salts, 
Nature, 161:718, 194$. 

(58 ) 



36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

Mayrhofer, O. K. : Self-experiments with s uccinyl
choline chloride, Brit. M.J. 1:1332, 1952. 

vnuck, A. L. , Nort on, Stata, El lis, C. H. and de Beer, 
E.J. : Controlled paralysis of skeletal muscle, 
Anesthes i ology 14:357-375, July, 1953. 

Ellis, C. H., Morgan , Waller V. and de Beer, E.J. : 
Central depression actions of certai n myoneural 
bloc king agents , J. Pharm. & Exp. Therap. 106: 
353-363, 195 2. 

Richards, H. and Youngman, H. R. : The ultra-shor t
act ing relaxants, Brit. It'I .J. 1:1334, 1952. 

Poulson, Henning and Houge, Willy: Succinylcholine, 
Lett ers t o the Editor, Lancet 2:199, July, 1952. 

Rose, Louis : Succinylcholine, Corresp., tlrit. M..J. 
2:1027, 1952. 

Britton, J.B. and Volpitto, P.P. : The u se of s uc
cinylcholi ne fo r endotracheal i nt ubation, Anes
t h esiology , 1:93-94, J an., 1953. 

Lund, P.C. : A cli nica l eva l uation of s uccinylch o
line chlor i de as a muscle relaxant i n anesthesia, 
Am. J. Surgery, $6:312-317, Sept., 1953. 

Hurley, M.J. and Munro, A.B. : Prolonged respirat ory 
paralysis a fte r succinylcholine, Corresp;, Brit. 
M.J. 1:1027, 1952. 

Price, J. 1.-1 . and Rogers, \1 .J.B. : Succinylcholine 
as a relaxant i n electroshock , Corr esp;, Brit. 
M.J. 1:1027, 1952. 

Foldes, F. F. : Suc cinylcholine, Letter s to t h e Edi
tor, Lanc et 2:246, Aug., 1952. 

Bourne, J.G. : Long action of succinylcholin e, Brit . 
J. Anaesth. 25:116, 1953. 

Harper, J. K. : Succinylcholine, Corr esp., Brit . M. 
J. 1:1352, 1952. 

49. Bourne, J.G. : Succinylcholine, Lancet 2:290, Aug., 
1952. 

50. Green, Ronald : Cont rol led rela~ation with s ucc i nyl
choline, Anaesthesia, 1:52, Jan., 195 3. 

(59 ) 



51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

Morton, J.J . V. : Continuous succinylcholine dosage 
control, Anaest hesia, 2:112-lli+ , Apr., 1953. 

Herington, G. and James, E. : Continuous s uccinyl
choline chloride with pethidine in abdominal s ur
gery, Br i t. M. J . 2:317-320, 1953. 

Butt, Nancy S.G. : A report on the use of succinyl
choline in a t horac i c unit, Brit. J. Anaesth. 24: 
245, 1952 . 

Hampton, L. J., Little, D. M., Jr. , and Fuller, E .M. : 
The us e of s uccinylcholine to f acilitate endotrache
al intubat ion, Presented at the Annual Meeting of 
the American Society of Anesthesiologists, Phila
delphia, Nov. 11-14, 1952. 

Kay, Harold T. : Succinylcholine, Letters to the 
Editor, Lancet 1 :200, July, 1952. 

IviacKay, W.L. : Succinylcholine, Letters to the Edi
tor, Lancet t:145, July, 1952. 

WooJ.mer, R. and Cat es, J. E. : Succinylcholine in 
the treat ment of t etanus, Lancet 2:808, Oct., 1952. 

Holmberg, G. and Thesleff, s. : Succinyl-choline io
dide as a muscula r r elaxant in electroshock thera
py, Am. J . Psychi at. 108 :842, 1952. 

Bennett , A.E . : Pr eventing traumat ic complications 
in convul s ive shock the rapy by curare, Jour. A.M. A. 
Jan., 1940 . 

Taylor, R.B. : Ultra-short-acting relaxants, Brit. 
M.J. 2:162 , 195 2. 

vaz T. and Bish op, J.M. : Succinylcholine c~loride 
fo r ca sua l ty anesth esia, Corresp., Brit. :r.11 .J. 11: 
885, 1953. 

villiams, J. E. : Observations on the use of scoline 
as a muscle relaxant, M. J. Australia 1: 818-820, 
June, 1952 . 

Gray, T.C. : Succinylcholine, Letter s to t he Editor, 
Lancet 2:40 , June, 1952. 

64. Franks, E. Harvey 
Aug ., 1952. 

Succinylcholine, Lancet 2:290, 

(60) 



65. Barron, D.W . : 
1952. 

Scoline apnea, Lancet 2:833, Aug., 

66. Evans, F.T., Gray , F.W.S. and Lehmann, H. : Effect 
of pseudo-cholinesterase level on ~act i on of s uc
cinylchol ine i n man, Brit . r,1 ~J. 1:136, 1953. 

67. Granti G. : ~uccinylcholine, Corr esp., Brit . H.J. 
1: 313, 19J3. 

68. Wolfers, Phillip : Sensitivity to succinylcholine 
chloride , Gorresp., Brit. M.J. 2:778, 1952. 

69. Cowan, K. A. : 9 hours apnea foll owing succinylcho
line, Anaesthesia 1:23, Jan., 1954. 

70 . Harrison, B.L., Seward, E.H. and Skinner, L.C. : 
Prolonged scoline apnea trea ted by blood transfu
sion, Anaesthesia, 1:21, Jan., 1954. 

71. Barnard, R. D. : Therapeutic application of plasma 
cholinest erase, Letters to the Editor, Lancet 2: 
1182, Nov., 1952 . 

72. Swerdlow, Mark: Continuous s uccinylcholine for re
laxation in abdominal surgery, Brit. J. Anaesth. 
25:130, 1953. 

(61) 


	Succinylcholine: ultra-short-acting muscle relaxant
	Recommended Citation

	tmp.1676928604.pdf.8XVCd

