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RECENT DEVELOPMENTS in physiological and pharmacological studies involving 
the autonomic nervous system have uncovered intriguing new dimensions. It 
appears that clinical medicine will be influenced significantly by these discoveries. 
Diverse pathological entities such as angina pectoris, 1-9 cardiac arrhythrnias 1,",x~ 
obstructive cardiomyopathies, 1~,19,2~ phaeochromocytoma, 3,21-=" and essential 
hypertension 24,25 are some likely areas where therapeutic benefits may be 
realized. 

Anaesthesia and the autonomic nervous system are interrelated to a profound 
degree. Brewster's demonstration 2~ of the deleterious effects of ether in the 
absence of sympathetic integrity is an illuminating example. Correlation of 
depth of cyclopropane and ether anaesthesia with plasma catecholamine levels 
by Price "~ was another milestone in understanding anaesthetic impact on the 
sympathetic nervous system. These two examples point out the need for the 
anaesthesiologist's appreciation and knowledge concerning interrelationships be- 
tween anaesthesia and the autonomic nervous system. 

The obiective of this review is to examine what we presently know about 
beta-adrenergic blockade, and its influence upon anaesthesiology. Readers wishing 
to pursue other facets of beta-adrenergic blockade should consult a recent review 
by Epstein and Braunwald. =~ 

I. BASIC PHARMACOLOGY OF BETA-ADRENERGIC BLOCKING AGENTS 

Initial insights into the action of epinephrine were reported by Langley ha 
1905. 2s He postulated that effects of epinephrine could be separated into excita- 
tory and inhibitory mechanisms which were dependent upon receptor substances. 
Shortly thereafter Dale 29 demonstrated that ergot alkaloids were capable of 
reversing some excitatory effects of epinephrine, without influencing inhibitory 
manifestations. 

A milestone in understanding adrenergic mechanisms was the introduction of 
Ahlquist's concept 3~ that effector sites could be separated into excitatory (alpha) 
and inhibitory (beta) receptors, on the basis of response to sympathomimetic 
amines. It should be remembered that these receptors are a conceptual conveni- 
ence, and as yet have not been identified in actuality. Inability to demonstrate 
them histologically suggests they are biochemical, possible enzymatic, in nature. 
Various effects of alpha and beta stimulation are presented in Table I. 

Although stimulation of beta receptors can be generally classified as being 
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Effector organ Receptor type Effect 

Heart 
SA node f~ increase in heart rate 
AV node f~ increase in conduction velocity 

and shortening of functional 
refractory period 

atria f~ increase in contractility 
ventricles fl increase in contractility 

Smooth muscle 
constriction blood vessels to skeletal muscle 
dilatation p 

blood vessels to skin and mucosa a constriction 
bronchial muscle # relaxation (dilatation) 

Eye 
radial muscle; iris ~ contraction (mydriasis) 
ciliary muscle fl relaxation (negative 

accommodation) 
Gastro-intestinal tract 

motility 
stomach ~ decrease 
intestine a and ~ decrease 

Sphincters 
stomach ~ contraction 
intestine a contraction 

Urinary bladder 
trigone and sphincter contraction 
detrusor ~ relaxation 

inhibitory, e.g. vasodilatation and bronehodilation, notable exceptions exist. 
Cardiac stimulatory effects appear to be beta mediated, and those sympathomime- 
tic amines which stimulate beta receptors will produce an increase in heart rate 
(positive chronotropic effect) and myocardial contractility (positive inotropic 
effect). 

Within this framework sympathomimetic amines can be generally classified as 
being predominantly alpha or beta stimulators. Rigid categorization is difficult 
because some sympathomimetic amines have both alpha and beta effects. 
Epinephrine, for example, produces positive chronotropic and inotropic effects 
(beta receptors) and also vasoconstriction in some vascular beds and excitation 
of the uterus (alpha receptors). 

Epinephrine-induced activation of phosphorylase or glycogenolysis in the heart 
and skeletal muscle is inhibited by beta blockers, whereas alpha blockers exert 
no effect, indicating it is beta receptor mediated. So far, other metabolic effects 
of catecholamines, such as free fatty acid mobilization and hepatic glycogenolysis, 
have escaped inclusion within the alpha-beta classification? ~ This is partly 
because of widespread species variability in response patterns? ~ Still other 
receptor mechanisms may mediate these metabolic effects, a2,45 

This concept of alpha and beta-adrenergic receptors has been most useful in 
delineating the effects of various drugs. Identifcation of agonist drugs which 
stimulate alpha or beta receptors, and antagonists, which block the receptors, has 
been possible. Isoproterenol for example, is an almost pure beta stimulator, 
whereas an analogue, dichloroisoproterenol (DCI) ,  antagonizes the effects of 
isoproterenol, and can be classified as a beta blocker, a2 
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Using this classification, drugs affecting the sympathetic nervous system can be 
separated into four functional categories: (1) alpha receptor stimulators, or 
agonists (example: phenylephrine); (2) a]pha receptor blockers, or antagonists 
(example: phenoxybenzamine); (3) beta receptor stimulators, or agonists 
(example: isoproterenol); (4) beta receptor blockers, or antagonists (example: 
propranolol). Not until DCI was synthesized was actual beta blockade demon- 
strated. 3z DCI has some slight sympathomimetic action itself, 34 however, so it is 
not a pure blocker. 

In 1962 pronethalol was introduced 2,3~ and unlike DCI did not stimulate the 
heart. A spate of studies using pronethalol was sharply curtailed when the drug 
was shown to produce thymic tumours in mice. 36 

Black et  al. '~ then introduced propranolol, believing it satisfied the following 
criteria: (1) specific blockade of adrenergic beta receptors, (2) freedom from 
sympathomimetic activity, (3) increased activity over pronethalol with no 
increase in toxicity, and (4) absence of carcinogenesis in mice. as Propranolol 
appears to be about ten times as potent as pronethalol. 37 

Structural relationships between isoproterenol, DCI, pronethalol, and proprano- 
lol are shown in Figure 1. It can be seen that beta receptor agonists and antago- 
nists are closely related chemically. Alterations in the ring structure seem to 
determine whether a compound in this group stimulates or blocks beta-adrenergic 
receptors. ~~ 

Pronethalol and propranolol abolish the tachycardia and vasodepressor response 
produced by isoproterenol in anaesthetized cats. 35,zr,38 Propranolol blocks the 
tachycardia produced by stellate ganglion stimulation in anaesthetized cats, 
whereas bradycardia secondary to vagus nerve stimulation is not affected. 3s 
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Experiments by Shanks e t a / .  3s,4~ on anaesthetized dogs (open chest) revealed 
a reduction in resting arterial rate, arterial pressure, cardiac contractile force, and 
ascending aortic flow following propranolol administration. Reserpinized dogs 
given propranolol showed no change in heart rate, arterial pressure, or cardiac 
contractility. These results suggest that the negative inotropic and chronotropic 
actions of propranolol in normal dogs result from block of resting sympathetic 
tone. Flacke et  al. 4~ studied haemodynamic effects of propranolol in anaesthetized 
dogs after sympathetic (epidural) and parasympathetic (atropine) block. They 
concluded that propranolol had no direct depressant effect on the heart in doses of 
less than 3 mg./kg., in the absence of reflex activity. 

Beta blockade produced by propranolol is a competitive type block. Complete 
break-through can be achieved by adding a beta-agonist, for example, isopro- 
terenol. 42,4a Repetitive administration of isoproterenol in the propranolol-treated 
animal indicates the half-life of propranolol to be in the range of 40-50 minutes. 44 

A striking feature of the newer beta-adrenergic blocking drugs is their high 
degree of specificity. They do not antagonize positive inotropic effects of calcium, 
xanthines, or cardiac glycosides, nor do they block vasodilatation produced by 
histamine, nitroglycerin, or acetylcholine? ~ 

II. CARDIOVASCULAR EFFECTS OF BETA-A_DRENEBGIC BLOCKADE 

Inquiry into altered haemodynamics during beta-blockade in resting supine 
subjects has evoked conflicting answers. Sowton and Hamer 46 reported a 20 per 
cent reduction in cardiac output in the resting subject; stroke volume decreased 
15 per cent and heart rate declined 10 per cent. Their subjects had mild left 
ventricular disease, however, which may have been a significant factor. 

The same investigators observed that beta blockade caused a 30 per cent 
reduction in cardiac output among patients with complete heart block on artificial 
pacemakers at a fixed rate. This would indicate a significant negative inotropic 
effect existed during beta blockade in these patients. 

Haemodynamic studies by Sonnenblick et  al. 4~ in resting supine subjects did 
not show these changes; no alteration in ventricular dimensions was discernible, 
as determined by myocardial force-velocity relationships. According to Chamber- 
lain, 48 on the other hand, pronethalol increased heart size before and during 
exercise. 

It appears that sympathetic tone is minimal in the resting supine subject but 
assumes increasing importance with demands imposed by exerciseY ,49 Most 
studies of the exercising subject indicate that beta-adrenergic blockade produces' 
deterioration of cardiac performance. 2~176 Exercise tolerance was reduced 
40 per cent by beta-adrenergic blockade in subiects investigated by Epstein et  al. 5~ 

Haemodynamic observations in these subjects during maximal exercise revealed 
a 22 per cent reduction in cardiac output; mean arterial pressure declined by 
15 per cent, and left ventricular minute work decreased 34 per cent. 

Slight to moderate degrees of decreased arterial blood pressure have been 
reported, as a consequence of beta-adrenergic blockade. 24,2~ The decrease in 
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blood pressure may be a direct effect of reduced cardiac output, with ultimate 
resetting of baro-reeeptor responsiveness. 25 Propranolol has no direct effect on 
peripheral vessels; a study of forearm blood flow showed no change in resting 
flow. ~ It does abolish the vasodilator effects of beta stimulation with isoproterenol, 
and converts the biphasie response of epinephrine into a vasoconstrictor 
response. 3s,~2 Vasoeonstrictive effects of norepinephrine (an alpha effect) are not 
affeeted by propranolol, as would be expected of pure beta receptor blockade. 

Beta-adrenergie blocking drugs show considerable promise in the treatment of 
various cardiac arrhythmias. 1,s,l~ Abolition of digitalis-induced arrhythmias has 
been especially successful. Among the nondigitalis arrhythmias, best results have 
been achieved in the treatment of atrial fibrillation and atrial flutter; -~~ a decrease 
in ventricular rate has been an almost uniform observation. 12,~g 

Applicability to non-digitalis-induced ventrieular arrhythmias has not been as 
impressive as with supraventricular or digitalis-induced arrhythmias. Nevertheless, 
premature ventricular contractions,~5, ~6 ventricular tachyeardia, ~G and ventricular 
fibrillation la have been reported to respond to propranolol. Beta blockers have 
been employed effectively to reverse arrhythmias associated with anaesthesia, ~,~:~-Ss 
particularly with cyclopropane and halothane ( see part III ). 

One of the most exciting possibilities of beta-adrenergie blockade is in the 
management of acute myocardial infarctions. Cardiac arrhythmias are responsible 
for a large segment of coronary deaths, and prevention of lethal arrhythmias can 
be expected to significantly improve survival in acute myocardial infarction. In a 
recent study in which alternate patients with myocardial infarction received 
propranolol, the mortality rate was 16 per cent versus 35 per cent in the control 
group. 59 A subsequent multicentre study failed to show any difference in survival 
rates between control and propranolol treated groups, s~ Seriously ill patients 
were exeluded from the study; possibly these were the patients most in need of 
beta blockade. 

Inquiry into the mechanism of anti-arrhythmic properties of these drugs elicits 
complex answers. 61-G4 Certainly the anti-arrhythmie action is not a pure inhibition 
of adrenergie stimulation as initially believed. It now appears that pronethalol 
and propranolol have a dual anti-an'hythmie effect: ( 1 ) beta-adrenergic blockade, 
and (2) a quinidine-like effect-increasing the refractory period, and decreasing 
excitability, conduction velocity, rate of rise of action potential, and the "over- 
shoot" potential. ~2,64,c~ Other experimental compounds like MJ 1999 appear to 
operate more in the realm of pure beta blockade, i.e. they block catecholamine- 
induced arrhythmias but not digitalis-induced arrhythmias. 2~ 

Preoperative preparation of phaeochromoeytoma patients with alpha-adrenergie 
blocking agents (phentolamine, phenoxybenzamine) is based on the rationale 
that vasoconstriction is ablated and circulating blood volume will expand. These 
drugs, however, provide no direct anti-arrhythmie protection except in relatively 
large doses. ~G Beta-adrenergic blocking drugs have been reported to be of value 
in controlling arrhythmias resulting from catecholamine stimulation in the 
preoperative period, a,2~,22 during surgery, and in the inoperable patient -"~ with 
phaeochromocytoma. 

Many reports attest to therapeutic benefits produced by propranolol in the 
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treatment of angina pectoris. 1-9 Just why it is beneficial is not clear. The most 
likely explanation is that beta-adrenergic blockade reduces myocardial oxygen 
requirements. 9 While adrenergic mechanisms in the coronary circulation are still 
poorly defined, there is considerable evidence that sympathetic stimulation 
produces an increase in myocardial oxygen consumption which outpaees the 
increase in coronary blood flowY To say it in another way, catecholamines pro- 
vide emergency service (increased myocardial work) at a higher cost (oxygen 
consumption in excess of blood flow). The anginal patient can ill afford the added 
cost and apparently benefits from the reduction in myocardial oxygen consump- 
tion which exists during beta-adrenergic blockade. 

As pointed out by Epstein and Braunwald$ ~ beta-adrenergic blocking agents 
may alter myocardial oxygen requirements in various ways. Thus, lessened oxygen 
requirements would result from the reduction in heart rate, arterial blood pres- 
sure, velocity of conduction, and also decreased shortening of myocardial fibre 
length. Conversely-and perhaps adversely-myocardial oxygen requirements are 
heightened by the increase in systolic ejection time and ventricular dimensions 
which occur during exercise. Whether or not benefit accrues to the patient 
depends upon the balance of these opposing forces. 

More evidence that beta blockade is not wholly beneficial was presented by 
Parratt and Grayson. 6s Measuring myocardial blood flow in dogs by means of a 
thermocouple technique, they reported a 34 per cent reduction following pro- 
pranolol administration. Only part of this reduction in flow was ascribed to 
lowered cardiac work, the rest to increased vascular resistance secondary to 
unmasking of alpha-mediated vasoconstriction. 

Although the existence of beta-adrenergic receptors in the coronary bed is fairly 
well established, less unanimity exists regarding alpha receptors. The case for 
alpha receptors has been strengthened by the finding that epinephrine increases 
coronary vascular resistance in the beta blockaded heart. 6s-r~ 

III. EFFECTS OF BETA-ADBENEBCIC BLOCKADE ON ANAESTHESIA 

At the present time our knowledge of effects of beta blockade upon conduction 
of anaesthesia is meagre indeed. Fears have been voiced that the combination of 
cyclopropane, chloroform, triehlorethylene, or ether anaesthesia with beta- 
adrenergic blockade is fraught with peril. ~-56,~s,rl The contention is that absence 
of sympathetic protection will result in profound myocardial depression. 

This attractive hypothesis has been tested against only cyclopropane and 
halothane to date. Craythorne and Hufflngton 71 reported a 47 per cent fall in 
cardiac output following propranolol administration to dogs anaesthetized with 
cyclopropane. Systolic blood pressure, myocardial contractility, and stroke volume 
also declined sharply, whereas peripheral resistance rose in response to beta 
blockade and unopposed alpha mediated vasoconstriction. No significant response 
was observed when propranolol was given to dogs anaesthetized with halothane. 
Of interest is the fact that after beta blockade, haemodynanlic observations in the 
eyclopropane dogs were essentially identical to the control values obtained with 
halothane. 
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Johnstone ~3-5~ reported that pronethalol and propranolol consistently abolished 
cardiac arrhyttnnias without adverse effects on arterial blood pressure or digital 
pulse volume waves during light cyclopropane or light halothane anaesthesia. 
Carbon dioxide tensions in these patients were not reported but presumably were 
often elevated because respiration was spontaneous in most cases. An increased 
level of norepinephrine secondary to hypercarbia would explain why blood 
pressure was not significantly altered by beta-blockade. In many cases blood 
pressure actually rose after pronethalol administration. Since unmasking of 
unopposed alpha receptors by beta blockade produces an increase in peripheral 
resistance, this could account for the observed maintenance of arterial blood 
pressure, provided sympathetic activity exceeded the resting state. 

We can anticipate increased use of beta blockers during anaesthesia to combat 
problems associated with sympathetic hyperactivity. Several investigators have 
used beta blockers successfully in the management of arrhythmias during anaes- 
thesia, 1,~9,~-~s,72 mostly due to respiratory acidosis and its attendant sympathetic 
discharge. There is no doubt about their efficacy as anti-arrhythmic agents. Beta 
blockade with pronethalol has been shown to elevate the threshold to epinephrine- 
induced arrhythmias during cyclopropane anaesthesia in dogs to eight times that 
of- controls .  7a 

Extensive use of these drugs for the correction of cardiac arrhythmias during 
anaesthesia appears unnecessary, as pointed out by Johnstone. ~,55 It seems of 
dubious value to give a drug which may enhance myocardial depression, in which 
case a net gain might not be realized. Aefiology of cardiac arrhythmias can almost 
always be traced to errors in the conduct of anaesthesia, chiefly agent overdosage 
or improper ventilation. Identification of the aetiology with remedial correction 
wiU abolish virtually all arrhythmias arising during anaesthesia. 

Beta blockers will likely prove of value in reversing otherwise refractory 
arrhythmias-for example, paroxysmal atrial tachycardia or digitalis-induced 
arrhythmias occurring during anaesthesia, and arrhythmias not responding to 
improved ventilation or lessening of anaesthetic depth. 

Propranolol raises the fibrillary threshold in animals cooled to 28-32 ~ C. TM This 
finding offers promise of widening the margin of safety in clinical hypothermia, 
where cardiac arrhythrnias are the principal deterrent to deeper hypothermic 
levels. The benefits of a reduction in arrhythmias, however, might be offset by a 
rise in peripheral vascular resistance secondary to unmasking of alpha-mediated 
vasoconstriction. Since epinephrine levels are elevated in hypothermia, TM it would 
be expected that vasoconstriction produced in this manner would be greater than 
during normothermic states. 

Of particular interest to anaesthesiolo~sts are two facets of beta-adrenergic 
blockade which deserve further investigation: central nervous system effects and 
local anaesthetic properties. Large doses of pronethalol produce sedative and 
anti-convulsant effects in mice. 76 Clinical doses of propranolol apparently do not 
affect the central nervous system, 77 although they easily cross the blood brain 
barrier in mice. TM 

Small animal studies have demonstrated that pronethalol and propranolol are 
respectively 1.8 and 2.3 times more potent than procaine in producing local 
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anaesthesia as measured by intra-dermal wheals. 79,8~ This intriguing observation 
could be explained by an effect of beta blockade upon ion transfer. Local anaes- 
thetics inhibit active Na+ transport in red blood cells, 81 and also decrease the 
permeability to Na+ in nerve. 8~ Preliminary studies indicate that propranolol 
inhibits active Na+ transport in the toad bladder. 8~ This effect upon ion transport 
appeared to be similar to the effect of anaesthetic agents in the same model, s~ In 
contrast, MJ 1999 was found not to interfere with active Na+ transfer. Since 
MJ 1999 appears to be a "pure" beta-adrenergic blocking agent, 2~ this suggests 
that local anaesthetic effects of pronethalol and propranolol are not a function of 
beta blockade per se, but rather a separate property, similar (perhaps identical) 
to their quinidine-like effect on the myocardium. 89 

Beta-adrenergic blocking agents have been advocated for the production of 
controlled hypotensionp 5 and also to abolish the tachycardia sometimes observed 
during trimethaphan (Arfonad) administration. 85 Hypotension resulting from 
beta-adrenergic blockade is a direct consequence of reduced cardiac output, 
which is the product of decreased stroke volume and heart rate. Peripheral 
resistance is usually unchanged, or slightly elevated, secondary to unopposed 
alpha-mediated vasoconstriction. Thus it seems that peripheral perfusion in this 
situation would be less than during hypotensive states as'sociated with a reduced 
peripheral resistance, e.g. ganglionic blockade. Theoretically, then, beta- 
adrenergic blockers are not attractive as a means of inducing controlled 
hypotension. 

Although currently recognized manifestations of beta blockade have been 
ascertained largely in awake subjects, and may be modified considerably by 
anaesthetics, one would expect these observations to be useful guides during 
anaesthesia. Heart rate declines in a linear manner, so that bradycardia is a 
helpful index of beta blockade. Arterial blood pressure falls as cardiac output 
decreases. Currently it is believed that peripheral vascular resistance is not 
affected to any great degree; sympathetic tone seems to be minimal in the resting 
supine position. 2~ Awake subjects in the sitting position, however, display con- 
siderably greater sympathetic vascular tone than supine subjects. 49 Thus, anaes- 
thetized patients who are sitting or prone during surgery may have increased risk 
imposed upon them by beta blockade. 

Since cardiac performance will be the critical determinant of successful 
anaesthetic management in the presence of beta blockade, it behooves us to glean 
all of the information we can about cardiac function during anaesthesia. Con- 
tinuous monitoring of central venous pressure would seem to be essential with the 
combination of beta blockade and anaesthesia. A rising venous pressure is 
presumptive evidence that the myocardium is fat ing and necessitates corrective 
measures, such as lessening of anaesthetic depth, and should that prove inade- 
quate, administration of a beta-adrenergic agonist, e.g. isoproterenol, s~ 

It can be anticipated that concentrations of anaesthetic agents previously 
tolerated by patients from a circulatory standpoint will be frankly depressant in 
the presence of beta blockade. It is likely that need for muscular relaxation will 
require use of relaxants in lieu of depth previously attainable with primary 
anaesthetic agents. Reversal of relaxants with atropine and neostigrnine may 
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present disconcerting clinical problems, 5s and may necessitate departure from 
previously practised regimens. Administration of atropine to the beta blockaded 
subject will not be followed by the usual observed cardiac acceleration, because 
chronotropic activity is beta-mediated. Combined use of atropine and beta 
blockers will produce a pharmacologically denervated heart, with its own 
intrinsic rate. s7 

Addition of neostigmine in such a situation should not in itself produce 
deleterious effects if vagal blockade is complete. Atropine and acetylcholine are 
thought to be competitive in action; ss thus as long as atropine occupies the 
cholinergic receptors, neostigmine should not induce hazardous bradycardia. If 
vagal blockade is incomplete, however, the bradycardia produced by neostigmine 
conceivably could be enhanced because it is unopposed by sympathetic chrono- 
tropism. It seems likely that additional bradycardia in such a situation might 
further compromise an already reduced cardiac output. Until data is available it 
seems sensible to this reviewer to rely upon artificial ventilation rather than drugs 
when treating persistent curarization in the presence of beta-adrenergic blockade. 

Electrocardiographic monitoring would be helpful, as during any anaesthetic, 
because it sometimes provides information about the patient which might not 
otherwise be apparent at the moment. It should be remembered that there is a 
wide gap between conductive patterns as seen on the E.K.G., and myocardial 
performance; s9 cardiac output can be desperately inadequate in the presence of 
a normal E.K.G. It is possible that beta blockade might obscure deleterious effects 
of anaesthesia by masking arrhythmias such as premature contractions, which 
frequently herald cardiac depression in clinical anaesthesia. 

Response to an increased cardiac work load ordinarily entails shifting of the 
ventricular response curve to a higher level of performance. ~176 Since this is at least 
partially dependent upon sympathetic integrity, 9~,92 the heart which is com- 
promised by anaesthesia and beta blockade will not be able to respond in this 
manner. Thus one would expect decreased tolerance to any factor that increases 
cardiac work; whether it be haemorrhage, s9 hypoxaemia, ~ metabolic acidosis, s6 
etc. 

It is too early to say that the combination of propranolol and certain anaes- 
thetic agents spells disaster, whereas halothane plus propranolol is safe. Fatalities 
reported with beta blockers have been confined to patients with cardiac failure. 
Apparently sympathetic support was all that was keeping these sick hearts alive; 
withdrawal of this support precipitated collapse. We can infer that any anaes- 
thetized patient with critically compromised myocardial reserve will need his 
sympathetic integrity regardless of anaesthetic agent superimposed. 

IV. ToxIcI~ 

Side-effects of propranolol in doses ranging up to 250 mg. daily have been 
remaxkably few. Less than 9. per cent of some 2000 subjects experienced relatively 
mild side-effects, such as nausea, fatigue, visual disturbances, mild diarrhoea, 
skin eruptions, and insomnia. 94 Marked hypotension and cardiac decompensation 
have occurred in patients with moderately severe cardiac disease, a,r,l~176 To avoid 
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such catastrophes, Epstein and Braunwald 2~ recommend that in treatment of 
acute arrhytlanias, individual intravenous doses of propranolol not exceed 0.5 mg., 
and that this be repeated every 3 to 4 minutes until the desired effect is attained. 

Propranolol is contraindicated in patients with complete atrioventricular block 
and idioventricular rhythm, because it may abolish all remaining electrical 
activity, e~ 

Administration of beta-adrenergic blocking drugs to asthmatic patients may 
pose difficulties. Since bronchodilatation is beta-mediated, it would be expected 
that these drugs increase airway resistance. Indeed, McNeill ~ reported that four 
out of ten asthmatic patients had a sharp fall in the half-s'econd forced expired 
volume (FEV) after receiving 5-10 rag. propranolol intravenously. Even more 
surprising was the observation that normal subjects displayed a 50-100 per cent 
increase in airway resistance as measured by body plethysmography, even though 
they were asymptomatic. 

No adverse bronchoconstrictive effects of combining beta blockers and hista- 
mine releasing drugs such as trimetapban (Arfonad), curare, morphine, etc. have 
been reported. Although two different mechanisms are operative (histamine 
acting directly on bronchial musculature), ~ a greater increase  in airway resis- 
tance might be anticipated than if either beta blockade or histamine release 
existed alone. 

Another problem recently encountered is hypoglycaemia associated with 
propranolol administration. Abramson et  al. ~ reported that propranolol dampens 
the rebound of plasma glucose following insulin tolerance tests, and abolishes the 
rebound of plasma glycerol. The hypoglycaemia predictable from this observation 
has been attested to by clinical reports of severe hypoglycaemia, not only in 
insulin-treated diabetics but also in a post-gastrectomy patient on a restricted 
carbohydrate diet. 9s 

SUMMARY 

Beta-adrenergic receptor blockade may have extensive use in clinical medicine. 
Interactions between beta-adrenergic blocking drugs and anaesthetic agents may 
have life-threatening ramifications and sequelae. Physiological responses to 
anaesthetic agents which stimulate sympatho-adrenal activity may be altered 
markedly. 

Beta-adrenergic blocking agents are contraindicated in patients with atrio- 
ventricular block and idioventricular rhythm, because all cardiac electrical 
activity may be abolished. Relative contraindications include asthma and other 
broncho-spastic states and conditions predisposing towards hypoglycaemia, e.g. 
insulin-treated diabetes mellitus. 

Anaesthetized patients subjected to beta-adrenergic blockade will have 
decreased tolerance to any factor that increases cardiac work. Patients with 
hearts dependent upon sympathetic support for survival will not tolerate removal 
of that support, regardless of anaesthetic agent superimposed. 

Without beta-adrenergie support, evidence of falling cardiac output will be 
manifested as hypotension and bradycardia. Central venous pressure will rise if 
the myocardium fails. 
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I~SUMI~ 

Le blocage des r~cepteurs bSta adr~nergiques peut &re largement utilis~ en 
clinique. Des actions r~ciproques entre les m~dicaments qui bloquent ces r~cep- 
teurs et les agents anesth~siques peuvent provoquer des s~quelles dangereuses 
pour la vie. Les r~ponses physiologiques aux agents anesth6siques qui stimulent 
l'acfivit~ sympat.hico-surr~nalienne peuvent &re sensiblernent affect~es. 

Les agents qui bloquent les r~cepteurs b&a-adr~nergiques sont contre-indiqu~s 
chez les sujets souffrant d'un bloc auriculo-ventriculaire d'un rythme idio- 
ventriculaire, parce que toute activit6 ~lectrique du coeur peut ~tre abolie. Parmi 
les contre-indications relatives, on rel&ve l'asthme et les autres conditions broncho- 
spasmatiques qui pr~disposent ~t l'hypoglye~mie, par exemple les cas de diab&e 
trait6s ~ l'insuline. 

Chez les malades anesthesias soumis ~ un blocage des r~cepteurs b~ta- 
adr~nergiques, on verra apparaltre une baisse du d~bit cardiaque en mSme 
temps qu'une hypotension et une bradycardie. La pression veineuse centrale 
augmentera si le myocarde d~faille. 
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