
Hemodynamic effects of 
muscle relaxants 

The hemodynamic effects of neuromuscular 
blocking drugs (muscle relaxants) may be attrib-
uted to two basic mechanisms: (1) histamine 
release; and (2) acetylcholinelike effects that may 

Anis Baraka, M.D. be central, neuromuscular, or autonomic. 

Beirut, Lebanon H i s tamine release 

In 1939, Alam et al1 demonstrated for the first 
time that intraarterial injection of ¿/-tubocurarin^ 
in dogs resulted in release of histamine. Consider-
able range of organic bases can directly mobilize 
histamine from its bound state in the mast cells. 
All muscle relaxants may stimulate histamine 
release. The most important relaxant in this con-
nection is ¿-tubocurarine.3 This direct histamine-
releasing effect can be clinically important in atopic 
patients. In contrast with this direct effect, the 
histamine release that follows antigen-antibody re-
action is not limited to ¿/-tubocurarine, and has 
been reported with other relaxants. 

Acetylcholinelike effects 

Neuromuscular blocking agents are structurally 
similar to acetylcholine. They are positively 
charged quaternary ammonium compounds, which 
mimic or compete with acetylcholine at the central, 
neuromuscular, and autonomic cholinoceptive sites. 

Central sites. Muscle relaxants are ionized hy-
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drophylic molecules that do not cross 
readily the blood-brain barrier. How-
ever, Piess and Manning4 found that 
moderate doses of curare have a central 
action on the mechanism controlling 
cardiovascular function. Also, Forbes et 
al5 showed that pancuronium reduces 
halothane requirements in man. These 
effects can be explained by considering 
the blood-brain barrier as a relative and 
not an absolute barrier, which can allow 
the passage of relaxants. Following in-
travenous injection, the intrathecal con-
centration of rf-tubocurarine is about 
1/1000 the plasma concentration.6 Both 
nicotinic and muscarinic cholinergic 
pathways exist in the central nervous 
system, and may be inhibited by relax-
ants.7"10 

Neuromuscular effects. The hemo-
dynamic effects of muscle relaxants may 
also be secondary to the neuromuscular 
effects. The loss of muscle tone and pe-
ripheral pooling of blood, together with 
the initiation of intermittent positive 
respiration, can greatly impede venous 
return and lower cardiac output. Tha t 
is why relaxants that lack histamine 
release or autonomic side effects, such as 
metocurine and alcuronium, may lower 
the blood pressure.11 

In contrast, the initial muscle fascic-
ulation associated with depolarizing re-
laxants such as succinylcholine can aug-
ment venous return. Also, the supersen-
sitivity response of denervated muscles, 
extensive burns, massive t rauma, and 
severe sepsis to succinylcholine can in-
duce massive hyperkalemia and trigger 
serious cardiac arrhythmias.12"18 

Autonomic side effects. Neuromus-
cular blocking drugs can be classified 
according to their effect on autonomic 
transmission. A clear understanding of 
autonomic transmission is the basis of 
such classification. 

Acetylcholine is the chemical trans-

mitter at the neuromuscular junction, 
at the ganglia of both sympathetic and 
parasympathetic systems (nicotinic), 
and at the muscarinic postsynaptic re-
ceptors. In analogy with the different 
adrenergic receptors, it appears that nic-
otinic and muscarinic receptors vary ac-
cording to the target organs. Nicotinic 
receptors at the neuromuscular junction 
may be different from those present at 
the ganglia, and muscarinic receptors of 
the heart may be different from musca-
rinic receptors present elsewhere. 

Muscle relaxants either mimic (ago-
nists) or block the effect (antagonists) of 
acetylcholine not only at the neuromus-
cular junction, but also on these auto-
nomic cholinoceptive sites. 

Agonists 

Succinylcholine, consisting of two 
acetylcholine molecules linked together, 
appears to display all stimulating effects 
of the chemical transmitter on both the 
nicotinic and muscarinic cholinergic re-
ceptors.3 The net effect is a balance of 
the two actions. After the first dose of 
succinylcholine, the nicotinic effect usu-
ally predominates and results in hyper-
tension, tachycardia, and arrhythmia. 
However, after repeated doses and 
sometimes after the first dose, the mus-
carinic effect predominates and mani-
fests itself as bradycardia.19"24 Bradycar-
dia can even be observed in isolated 
hearts denoting a direct muscarinic ef-
fect of succinylcholine on the pace-
maker.25 It can be prevented by prior 
administration of an anticholinergic 
drug or a pretreatment dose of nonde-
polarizing relaxant. 

Antagonists 

Nondepolarizing relaxants can have 
different autonomic effects26: (1) No or 
minimal autonomic effects, e.g., dime-
methyl tubocurarine (metocurine) and 
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diallylnortoxiferine (alcuronium). (2) 
Nicotinic blockers, e.g., rf-tubocurarine. 
(3) Muscarinic blockers, e.g., gallamine, 
pancuronium. Org NC45, a homologue 
of pancuronium was found to have 
fewer autonomic effects than that of 
pancuronium.2 7 

The dose-ratio of autonomic to neu-
romuscular block has been termed the 
"autonomic margin of safety,"28"30 and 
is equal to: 

ED 50 for vagal and sympathetic 
inhibition 

ED 95 for neuromuscular blockade 

Neuromuscular blocking drugs can be 
classified according to their "autonomic 
margin of safety" into two categories: 

1. High autonomic margin of safety 

The drug will show a wide separation 
of neuromuscular block from its auto-
nomic side effects, e.g., dimethyl tubo-
curarine and diallylnortoxiferine. 

Dimethyl tubocurarine (metocurine) 
is a bis-quaternary ammonium molecule 
having no ganglionic blocking or hista-
mine-releasing properties. Thus, it has 
a high autonomic safety margin. The 
drug is produced as a result of methyl-
ation of the parent relaxant </-tubocu-
rarine at the tertiary amine and at the 
hydroxyl groups. 

Diallylnortoxiferine (alcuronium) is 
also a bis-quaternary ammonium com-
pound, which does not block ganglionic 
transmission or release histamine. Its 
neuromuscular block is only associated 
with mild vagal blockade. 

2. Low autonomic margin of safety 

The drug will have autonomic side 
effects in doses required to achieve neu-
romuscular block. 

Nicotinic blockers, e.g., d-tubocurarine. 
Everett et al31 reported that the ¿/-tubo-
curarine molecule contains only one per-

manent quaternary nitrogen, whereas 
the other nitrogen is a tertiary amine 
with a pKa 8.1. ¿/-Tubocurarine can 
release histamine and block ganglionic 
nicotinic transmission of both the vagus 
and sympathetic pathways within the 
neuromuscular-blocking dose range. 
Both the ganglion-blocking and the his-
tamine-releasing properties of the drug 
may be attributed to the presence of a 
tertiary amine. 

Muscarinic blockers, e.g., pancuronium 
and gallamine. The two drugs do not 
release histamine or block ganglionic 
transmission. However, both block the 
vagal muscarinic receptors in the dose 
range required for neuromuscular block. 
The vagolytic properties of gallamine 
overlie the neuromuscular blocking ac-
tion,26 and is dose-related32; that of pan-
curonium is only significant at the up-
per end of the neuromuscular dose-re-
sponse curve.26 The potent vagolytic ef-
fect of pancuronium and gallamine may 
be related to their structure. Pancuron-
ium is the nondepolarizing relaxant 
most closely related structurally to ace-
tylcholine, whereas the vagolytic prop-
erty of gallamine is due to the presence 
of three positively charged nitrogen at-

30 

oms. 
The antivagal effects of both galla-

mine and pancuronium are limited to 
the cardiac muscarinic receptors. Such 
selective vagolytic effect on the heart 
denotes that the muscarinic receptors of 
the heart, in analogy with the cardiac 
beta-adrenergic receptors, may be dif-
ferent from muscarinic receptors present 
elsewhere.33 

In addition to the classic receptors 
that mediate the autonomic responses, 
specific receptors are present presynap-
tically that regulate the release of the 
transmitter. At the autonomic ganglia, 
transmission is modulated by a cholin-
ergic muscarinic monosynaptic excit-
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atory pathway and a multisynaptic in-
hibitory pathway. The latter contains 
an interneuron possessing a muscarinic 
receptor, which upon stimulation causes 
a release of inhibitory neurohumor, pos-
sibly dopamine.34 At the sympathetic 
nerve terminals, presynaptic alpha ad-
renergic receptors (alpha 2) mediate a 
negative feedback mechanism that 
leads to inhibition of catecholamine 
release probably by restricting the cal-
cium available for the excitation-secre-
tion coupling. In contrast, presynaptic 
beta-adrenoreceptors (B3) mediate a 
positive feed-back mechanism leading 
to an increase in transmitter release; this 
mechanism appears to be mediated 
through an increase in the levels of 
cyclic adenosine monophosphate in the 
adrenergic nerve endings. In addition to 
the alpha- and beta-presynaptic adre-
nergic receptors, inhibitory muscarinic 
receptors and excitatory nicotinic recep-
tors have been described.35 

Muscle relaxants that have nicotinic 
or muscarinic-blocking action can, 
therefore, modulate sympathetic trans-
mission and catecholamine release. Pan-
curonium and gallamine can inhibit the 
inhibitory muscarinic receptors at the 
sympathetic ganglia and the adrenergic 
postganglionic nerve terminals and thus 
increase the release of catechol-
amines.34, 36 ,37 In contrast, ¿-tubocurar-
ine might block the excitatory nicotinic 
receptors reducing catecholamine re-
leased by the nerve terminals.38 

The main hemodynamic effects of 
muscle relaxants can be attributed to 
the i r a u t o n o m i c effects.39"41 Drugs 
with minimal autonomic side effects 
such as metocurine and alcuronium pro-
duce the least hemodynamic changes. 
In contrast, nicotinic blockers such as d-
tubocurarine will diminish the systemic 
vascular resistance and lower cardiac 
output and blood pressure, whereas 

muscarinic blockers such as gallamine 
and pancuronium will increase myocar-
dial contractility and arteriovenous con-
duction,42 and induce tachycardia and 
hypertension. 

The hemodynamic effect of muscle 
relaxants, and the interaction with the 
anesthetic used, drug therapy, and the 
condition of the patient, are factors that 
determine the choice of the relaxant. 
For example, neuromuscular blocking 
drugs having a nicotinic blocking effect, 
such as rf-tubocurarine, may be the re-
laxants of choice in hypertensive pa-
tients or whenever a hypotensive tech-
nique is planned. In contrast, pancuron-
ium may be selected in shocked and 
hypovolemic patients. Hypotension 
should be avoided in patients with cor-
onary artery disease, low fixed cardiac 
output , and those with intracardiac 
shunts. Hypertension should be avoided 
in patients with coronary artery disease, 
aortic insufficiency, and mitral insuffi-
ciency. Tachycardia should be avoided 
in patients with coronary artery disease, 
aortic and mitral stenosis, and in any 
patient with small ventricular stroke 
volume. Anesthesiologists should choose 
the relaxant that best produces the de-
sired cardiovascular effects on the indi-
vidual patient.43 

References 
1. Alam M, Anrep GV, Barsoum GS, Talaat M, 

Wieninger E. Liberation of histamine from 
the skeletal muscle by curare. J Physiol 1939; 
95: 148-58. 

2. Paton W D M . Histamine release by com-
pounds of simple chemical structure. Phar-
macol Rev 1957; 9: 269-328. 

3. Paton W D M . T h e effects of muscle relaxants 
other than muscular relaxation. Anesthesiol-
ogy 1959; 20: 453-63. 

4. Piess CN, Mann ing J W . Excitability changes 
in vasomotor areas of the brain stem following 
D-tubocurarine. Am J Physiol 1959; 197: 
149-52. 

5. Forbes AR, Cohen N H , Eger EI II. Pancuron-

require permission.
 on April 9, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


20 Cleveland Clinic Quarterly Vol. 48, No. 1 

ium reduces halothane requirement in man. 
Anesth Analg 1979; 58: 497-9. 

6. Mat teo RS, Pua EK, K h a m b a t t a HJ , Spector 
S. Cerebrospinal fluid levels of ¿- tubocurarine 
in man. Anesthesiology 1977; 46: 396-9. 

7. Savarese J J . How may neuromuscular block-
ing drugs affect the state of general anesthe-
sia? Anesth Analg 1979; 58: 449-51. 

8. Domino EF, Yamamoto K, Dren AT. Role of 
cholinergic mechanisms in states of wakeful-
ness and sleep. Progr Brain Res 1968; 28: 
113-33. 

9. Karczmar AG. Cholinergic influences on be-
havior. In: Waser PG, ed. Cholinergic Mech-
anisms. New York: Raven Press, 1975. 

10. Jouvet M. Cholinergic mechanisms and sleep. 
In: Waser PG, ed. Cholinergic Mechanisms. 
New York: Raven Press, 1975. 

11. Baraka A. A comparative study between dial-
lylnortoxiferine and tubocurarine. Br J An-
aesth 1967; 39: 624-8. 

12. Bush G H , Graham HAP, Littlewood A N M , 
Scott LB. Danger of suxamethonium and en-
dotracheal intubation in anaesthesia for 
burns. Br Med J 1962; 2: 1081-5. 

13. Gronert GA, Dotin LN, Ritchey C R , et al. 
Succinylcholine-induced hyperkalemia in 
burned patients. II. Anesth Analg 1969; 48: 
958-62. 

14. Cooperman LH. Succinylcholine-induced hy-
perkalemia in neuromuscular disease. J A M A 
1970; 213: 1867-71. 

15. Mazze RI, Escue H M , Houston JB. Hyper-
kalemia and cardiovascular collapse following 
administration of succinylcholine to the t rau-
matized patient. Anesthesiology 1969; 31: 
540-7. 

16. Cooperman LH, Strobel GE J r , Kennell E M . 
Massive hyperkalemia after administration of 
succinylcholine. Anesthesiology 1970; 32: 
161-4. 

17. J o h n DA, Tobey RE, Homer LD, Rice CL. 
Onset of succinylcholine-induced hyperkale-
mia following denervation. Anesthesiology 
1976; 45: 294-9. 

18. Kohlschütter B, Baur H, Roth F. Suxame-
thonium-induced hyperkalaemia in patients 
with severe intra-abdominal infections. Br J 
Anaesth 1976; 48: 557-62. 

19. Craythorne NWB, Turndorf H, Dripps RD. 
Changes in pulse rate and rhythm associated 
with the use of succinylcholine in anesthetized 
children. Anesthesiology 1960; 21: 465-70. 

20. Schoenstadt DA, Whitcher CE. Observations 
on the mechanism of succinyldicholine-in-
duced cardiac arrhythmias. Anesthesiology 
1963; 24: 358-62. 

21. Mathias JA, Evans-Prosser CDG, Churchill-
Davidson HC. T h e role of non-depolarizing 
drugs in the prevention of suxamethonium 
bradycardia. Br J Anaesth 1970; 42: 609-13. 

22. Galindo AHF, Davis TB. Succinylcholine and 
cardiac excitability. Anesth 1974; 46: 575. 

23. Stoelting R K , Peterson C. Heart-rate slowing 
and junctional rhythm following intravenous 
succinylcholine with and without intramus-
cular atropine preanesthetic medication. 
Anesth Analg 1975; 54: 705-9. 

24. Leigh MD, McCoy DD, Belton M R , Lewis 
GB J r . Bradycardia following intravenous ad-
ministration of succinylcholine chloride to in-
fants and children. Anesthesiology 1957; 18: 
698-702. 

25. Goat VA, Feldman SA. T h e effect of non-
depolarizing muscle relaxants on cholinergic 
mechanisms in the isolated rabbit heart. An-
aesthesia 1972; 27: 143-8. 

26. Hughes R, Chappie DJ. Effects of non-depo-
larizing neuromuscular blocking agents on 
peripheral autonomic mechanisms in cats. Br 
J Anaesth 1976; 48: 59-67. 

27. Booij LHD, Edwards RP , Sohn YJ, Miller 
RD. Comparat ive cardiovascular and neuro-
muscular effects of O R G N C 45, d-tubocu-
rarine, pancuronium and metocurine. 
(Abstr). Anesthesiology 1979; 51: S 280. 

28. Savarese J J . T h e autonomic margins of safety 
of metocurine and d-tubocurarine in the cat. 
Anesthesiology 1979; 50: 40-6. 

29. Savarese J J , Ali H H , Antonio RP. The clini-
cal pharmacology of metocurine; dimethyl-
tubocurarine revisited. Anesthesiology 1977; 
47: 277-84. 

30. Savarese J . Cardiovascular and autonomic 
effects of neuromuscular blockers. Refresher 
course 124, ASA meeting, San Francisco, 
1979. 

31. Everett AJ, Lowe LA, Wilkinson S. Revision 
of the structures of (+)-tubocurarine chloride 
and (-t-)-chondrocurine. Chem Commun 
1970; 1020-1. 

32. Eisele J H , M a r t a J A , Davis HS. Quanti ta t ive 
aspects of the chronotropic and neuromuscu-
lar effects of gallamine in anesthetized man. 
Anesthesiology 1971; 35: 630-3. 

33. Saxena PR, Bonta IL. Mechanism of selective 
cardiac vagolytic action of pancuronium bro-
mide; specific blockade of cardiac muscarinic 
receptors. Eur J Pharmacol 1970; 11: 332-6. 

34. Gardier RW, Tsevdos EJ, Jackson DB. The 
effect of pancuronium and gallamine on mus-
carinic transmission in the superior cervical 
ganglion. J Pharmacol Exp Ther 1978; 204: 
46-53. 

require permission.
 on April 9, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


Spring 1981 Hemodynamic effects of muscle relaxants 21 

35. Langer SZ. Presynaptic regulation of cate-
cholamine release. Biochem Pharmacol 1974; 
23: 1793-800. 

36. Vercruysse P, Hanegreefs G, Vanhout te PM. 
Influence of skeletal muscle relaxants on the 
prejunctional effects of acetylcholine in ad-
renergically innervated blood vessels. Arch 
Int Pharmacodyn Ther 1978; 232: 350-5. 

37. Brown BR Jr , Crout J R . T h e sympathomi-
metic effect of gallamine on the heart. J Phar-
macol Exp Ther 1970; 172: 266-73. 

38. McCullough LS, Reier CE, Delaunois AL, 
Gardier R W , Hamelberg W. T h e effects of d-
tubocurarine on spontaneous postganglionic 
sympathetic activity and histamine release. 
Anesthesiology 1970; 33: 328-34. 

39. Stoelting RK. T h e hemodynamic effects of 
pancuronium and rf-tubocurarine in anesthe-
tized patients. Anesthesiology 1972; 36: 612-
5. 

40. Stoelting R K . Hemodynamic effects of galla-
mine during halothane-nitrous oxide anesthe-
sia. Anesthesiology 1973; 39: 645-7. 

41. Stoelting RK. Hemodynamic effects of dime-
thyltubocurarine during nitrous oxide-halo-
thane anesthesia. Anesth Analg 1974; 53: 
513-5. 

42. Kreul J F , Atlee J L . Pancuronium enhances 
A-V condition in anesthetized dogs. (Abstr). 
Anesthesiology 1979; 51: S86. 

43. Garman J K . Drugs and the cardiac patient. 
Surv Anesthesiol 1979; 23: 145. 

require permission.
 on April 9, 2024. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/



