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COMBINED ANAESTHESIA IN SURGERY 

SECTION I. 

INTRODUCTION 

In presenting this thesis I have to admit, that the 

stud~, as far as the spinal anaesthesia part is concerned, 

was undertaken with frank scepticism. This I do not 

regret, for I was thereby able to view the effects of 

apinal anaesthesia most criticall~. The outcome waa that 

by slow gradations scepticism had passed to real enthusiasm. 

This is not for spinal anaesthesia to be adopted in every 

case that needs to be anaesthetised, but for its use in 

carefully selected cases. This includes a very large pro·­

portion or all major operations below the diaphragm. It 

excludes all above this level. My statenent can be 

criticised as being the outcome of a very limited experience. 

I can only say that the number was large enough to give me a 

thorough practical training in the subject and enable me with 

better understanding to appreciate the writings of those with 

greater experience. Besides, my deductions are in complete 

accord with those of men whose extensive experience am 
experimental and clinical investigations have qualified them 

to speak authoritatively. 



As is implied by the title, something more than 

spinal anaesthesia is discussed. Experience as a general 

practiltioner in a country district has impressed on my 

mind the dread the ordinary patient bas or a general 

anaesthetic. Repeatedly I have seen operations postponed, 

or even altogether put off, for fear of the dreaded chloro­

form. How many children, undergoing a minor operation, 

have not been scar\ed for life by a suffocating anaesthetic 

mask. a never-to•be forgotten experience? Can we do any-

thing to allay this fear? Can the same end not be reached 

by less unpleasant means? 

This concerns the 1:umane side chiefly. There is a 

very much stronger argument for the use of combined 

anaesthesia. 

Cr11e 1s researches have proved beyond doubt taae the 

great importance of psychic shock. He bas demonstrated 

how fear, like all other shock producing influences, produces 

marked pathological changes in the body, even to death. His 

method of avoiding shock in operations for exophthalmic 

goitre has become classical. · That fear is a very potent 

shock-producing factor, becomes only too evident on a visit 

to some continental clinics, where local anaesthesia has 

been developed to a . wonder.f'ul finale, rut where inadequate 

premedication seems to be the rule, rather than the exception. 



There is a ve.1lable today a large and efficient 
assortment of drugs, which are used as an aid to anaesthesia 
in the form of either preliminary medicaments or basal narco• 
tics. My experience, apart from morphine and scopolom1ne, 
has mostly been with Avertin. For this reason Avertin will be 

. chiefly referred to as the other important partner in the 
combination. This by no means reflects on the usefulness 
of drugs like nembutal, pernocton, etc. as basal anaesthetics. 
They are all favourably reported on. 

It must be clearly understood, that I in no way 
wilsh to dhtract from the very great importance of Ether 
and other drugs as anaesthetic agents. They all have their 
proper place and use. I shall merely endeavour, in the 
light of my experience am. by reviewing the current 

literature• to point out the usefulness of combined anaesthe­
sia, and particularly ref er to a combination of' spinal 
anaesthesia and some narcotic or basal anaesthetic. I shall 
indicate that in a large number of cases this should be the 
method of choice. No attempt will be made to consider all 
matters pertaining to spinal or combined anaesthesia. I shall 
deal with such points as seem to be of practical importance 
to the operating surgeon ~d give my views on certain con­
troversial subjects in the light of my clinical investigations 
and exJB rienee. 
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HISTORICAL 

The use of inhalation narcosis dates from S:r Humphry 

Davy's experiment of inhaling nitrous oxide, as early as 1800. 

He then raised the question of the possible use of that 

substan«e as an anaesthetic agent. Yet it was not until 

1844 that Wells first ~troduced the gas to dentistry. Ether 

was used in 1842 by Long or Georgia. It was not introduced 

to England, as a possible neans of producing insensibility 

to pain, till 1846. Close on the heels or this innovation 

followed the use of Chloroform by Sir James Simpson 

or Edinburgh in 1847. 

A new type of anaesthesia was made possible by 

the discovery of the properties of cocaine as a local 

anaesthetic, by Koller in 1884. Th.is field of anaesthesia 

has been greatly developed, especially during the pi st twenty 

years, though cocaine itself is now discarded save for eye, 

throat, and nose operations. Less toxic and equally effective 

substitutes such as novacine, stovaine, novutox and many 

others are in daily use everywhere. 

Local anaesthesia, as applied to the spinal nerve 

roots, that is spinal anaesthesia, was ~irst suggested by 

Corning in 1885, but Bier of Bonn was the first to use it 

clinically in 1899. Characteristic it was of him to submit 

. __ , ~ 
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his own body for the production of this new anaesthesia. 

Babcock was the first to take it up as his routine form 

of anaesthesia in 1904. The work of men such as Bier, 
Babcock and Barker has placed spinal anaesthesia on its 

present sound fowidation. More recently Pitkin and Howard 

Jones have done pioneer work in the field of drugs with a 
specific gravity less than that of the cerebrospinal fluid. 
Spinal anaesthesia has emerged from the dangerous period, in. 

which it was considered necessary merely to inject a solution 
or a local anaesthetic into the subarachnoid space and then to 
operate with little further attention to the patient. The 
need for a very precise technique to be gained only by 
considerable experience, and for the constant caretul 

supervision of the anaesth~tised patient, is now recognised. 

The use of cocain and of rectal ether represented the 
first attempts at the evasion of the distressing process of 
induction by inaalation. Roux•s attempt in 1846 with an 

aqueous solution of ether did little but injure the bowel, 
similarly Pirogoff's experiment with ether vapour in 1847. 
It was not until 1913 that rectal narcosis again merited 

attention, following Gwathmey•s introduction of an ether" 
oil solution. Continuing research in the rectal administra­
tion of anaesthetic agents Willstatter and Duisberg in 192! 
manufactured Avertin which was introduced into practice by 
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Prof. Eiohhol~. After searching experiments and clinical 

use in thousands of oases, it has now become a valued and 

popular adjunct to the armoury of the surgeon in his battle 

against pain and shock. 

SHOCK 

The term shock denotes a depression of all the vital 

functions of the body. 

Clinical and pathological evidence warrant the 

recognition of two distinct phases in the evolution of s~ock, 

an early 01• primary phase, and a late or secondary phase. 

Fach may arise independently. The physiology of their 

production differs, but the ultimate pathological state 

which they produce is identical. 

Primary Shock depends on the nervous connections 

between the vital cerebral centres and the periphery. It 

appears to result from excessive stimulation of afferent 

nerves. The degree of shock depends on factors such as the 

sensitivity of the central controlling nerve cells and the 

peripheral receiving and conducting nerve endings and fibres, 

the specialization of the nerve endings and the quantity 

and quality of the stimuli. 

The more sensitive the nerve mechanism, the more 

marked will be the shock. Sensitisation is produced in many 

ways. A typical example is that produced by the toxic 
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secretion of the thyroid gland in Exophthalmic goitre. 

The nature of the nerve endings exposed to 

stimulation is an important factor. Injury of a pa.rt supplied 
by highly specialized nerve endings, such as exist in the 

palm of the hand, leads to a greater degree of shock than 

injury of parts supplied by less specialized nervea. Shock­
producing stimuli can also reach the brain via the nerves of the 
special senses of sight a:rxi bearing. 

The quantity and the quality of the peripheral 

stimuli bear a relation to the degree of shock. A super­
ficial buni over a wide surface causes much more intensive 

shock than a more destructive burn involving a small area. 
Painful stimuli are more shock producing then painless ones. 
Shock arising in such a manner depends both on the pain 

and the quality of the affected nerve for its production. By 
irritating the parietal peritoneum or dragging on the mesentery 
in the unanaesthetised animal we can produce primary shock. 

Pain alone is not responsible for this, for a similar experiment 
will cause shock in an animal under ether anaesthesia. There 
Will be a difference in the degree, but not in~he kind of 
shock. The elimination of pain in the second e x:periment 
diminishes the effects of the stiD1111, but does not abolish 
them altogether. 
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Primary shock may be manif est immediately after the 

receipt ofa.severe injury such as a road accident, or it may 

take a little time to develop when it depends on the summation 

or repeated smaller injuries au.ch as result during a 

surgical operation. 

Secondary Shock depends on the other channel of communi­

cation between the centres and the pEriphery - the cardiovascular 

aystem. Since t he work of Bayliss and Cannon, Dale and others 

there remained little doubt that the causative factor in the 

production of secondary shock is a toxin absorbed from the 

seat of trauma. Bayliss and Cannon found that shock did 

not develop when they tied the main vein before crushing the 

muscles of a limb, indicating that the products of muscle 

disintegration absorbed into the circulation were responsible 

for the ievelopment of a shock-like condition. The injection 

of' extracts of crushed muscle will produce clinical shock. 

Dale and Laidlaw showed that the injection of histamine 

will lead to a condition closely resembling shock. Histamine 

can be extracted from almost every tissue or the body. It is, 

therefore, not unreasonable to assume that a histamine-like 

body, perhaps histamine itself, is responsible for the causati0n 

of secondary shock. 

The manifestations of secondary shock are as a rule 

not typically developed until 12 or 24 hours after the receip; 

of trauma, but often they a re seen much earlier. This is 
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especially the ease when predisposing causes such as 

exposure, fear, septic infection etc have been present. 

Af'ter a surgical operation the patient frequently recovers 

clinically from primary shock before the signs of secondary 

shock develop. The primary shock may, however, be so 

severe that its manifestations pass imperceptably into those 

of secondary shock. This is especially true in cases of much 

haemorrhage. It is clear that the worse state primary shock 

leaves the vital centres in, the more read~ly will they 

suffer through the onslaughts of the agents causing 

secondary shock. 

PREVENTION OF SHOCK 

The surgeon has almost Dllstered pain and infection, 

but shock is still his moat merciless enemy. Any progress, 

therefore, in his battle against shock is pregnant with 

possibilities. With this idea in mind we do not hesitate 

to put forward our views. 

In accidental surgery prin:ary shock usually plays 

the more important part, but in ordinary routine surgery 

secondary shock represents the more serious phase and is 

the one that often leads to the fatal issue. our struggle 

against secondary shock must be mostly one of prevention. 

Assuming that histamine is the causal agent, it will be 
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essential to prcrluce as little of it as possible. Gentle 

handling of tissues, clean cutting etc., are therefore, 

advisable. No operation, however, can be performed with• 

out liberating some histamine and unfortunately we possess 

no specific antibody which will destroy it or combat its 

effects. It seems that until such an antibody is forth• 

coming we must direct our attention towards fortifying 

the vulnerable centres against the effects of histamine. 

To do this successfully demands great resourcefulness for 

so many and varied are the causes that predispose the tissues 

to the effects of histamine. No purpose will be served by 

discussing these here. 

Everything else being equal, the degree of second• 

ary shock is directly proportional to the degree of primary 

shock. If primary shock ean be eliminated or minimized, 

secondary shock will correspondingly decrease. If there 

has been no damage done by primary shock the tissues 

are left in a more favourable position to withstand the 

effects of histamine. We believe that primary shock can be 

almost completely prevented during most operations and 

that thereby secondary shock can be greatly diminished. 

This forms the basis of our argument. 
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DEFINITIONS 

Where we use the unqualified term "shock" in the 

rest of our discussion "IA3 intend it to convey the ildea of 

"primary shock". 

As primary shock can be caused by psychical as well 

as traumatic influences we use the term "psychic" and 

"trauma tic" to de note the cause of the primary .sho:ek. 

In dealing with secondary shock we use the term 

"histamine" to indicate that the shock was caused by an 

agent .,probably histamine-like, absorbed from the site of 

trauma. 

"Toxic shock" will indicate a shock-like condition 

caused by the absorJtion of bacterial products. 

THE IDEAL ANAESTHETIC 

The aim of anaesthesia is to protect the patient 

against pain and shock. 

The supreme test of an anaesthetic is the highest 

possib)it safety of the patient. If with this we can combine 

comfort without jeopardising safety, it will be inhuman n0>t 

to do so. Various anaesthetic agents appear to suit various 

operative fields. We cannot discuss each separately. We 

shall chiefly devote our attention to one big surgical field, 
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the abdomen, and consider what is required of an anaesthetic 

to stand the supreme test in this sphere. 

What does this surgeon require? 

I. An agent which prevents all noxious stimuli whether 

psychic or traumatic from reaching the higher cerebral 

centres, in other words, C<JdPLETE ANOCIATION. This d emanda 
X 

far more than mere unconsciousness and insensibility to pa.in. 

II. An agent which gives complete MUSCUIAR RELAXATION, 

enabling the surgeon to perform delicate and difficult 

manoeuvres without undue traction on the mesenteries and the 

peritoneum and without pressure damage to sensitive viscera. 

III. An agent whose beneficial effects ( ~ela:xation etc.) 

will last for the whole period of the operation. 

IV. An agent which will, both generally and 

locally, leave the tissues, as nearly as possible in their 

normal state, that is, the LEAST TOXIC agent. The local 

effects concern the parts with which the anaesthetic comes 

into direct contact. The general effects concern those, with 

which there is contact after blood absorption or where harm 

is more indi~ectly caused. The brain, heart, lungs, liver, 

kidneys and supra -rena 1 glands are the organs chi efly 

affected. The more nearly normal the tissues are left, the 

:x. Each point is fully considered later on. 
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less f'ear of' complications there will be and the speedier 

the recovery. 

v. An agent requiring the simplest equipment for 

its administration and a technique v.hich can be acquired 

by everybody, called upon to anaesthetise patients. 

'l'he chief points to be considered from the 

patient's point of view are:• 

Vi. An agent which will give a rapid, painless and 

pleasant induction, thus avoiding the horror of the 

induction period so prevalent today. 

VII. An agent which will lead to a pleasant 

recovery, without the usual concomitants associated with 

inhalation narcosis, e.g. headache and pain end discomfort 

incident to vomiting. In other words, a recovery following 

anaesthesia produced by the least toxic agent. 

A CONSIDERATI.Oll OF THE ABOVE QUALITIES • VARIOUS 
ANA.ESTHE'l'ICS EXAMINED 

Ie ANOCIATION (Crile) 

Crile's work in this field is of such outstanding 

merit, that one will be excused for referring to him at 

some length. 

(1) Noxious influences originating in the operation 

area. Crile has produced abundant proof, that certain 

harmful influences constantly produce identical changes 
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in certain vital organs of the body. Whether 'these changes 

are the real cause or the effects of shock is not certain. 

They and further changes noticed by Rendel Short are, however, 

considered to constitute an essential part, if not the whole, 

of the pathology of shock. The influences whereby these 

changes can be brought about are now known as the "causes of 

shock." 

Crile ( 1) descrille(S the following changes: 
a 

(a) BRAIN. The brain eel ls show first st age of 

hyperacidity characterised by hyperchromatism sn:l later a 

stage .of exhaustion, characterised by chromatolysis, by 

alteration of the nucleus-plasma relation, by rupture of the 

nuclear and the cell membranes and finally by disintegration. 

These changes are most mrked in the cerebellum end the 

cortex and are present also in the medulla and cord. No changes, 

however, are noticed, when the brain has previously been 

severed from the part that is injured, whether by local 

anaesthesia or by section of the· cord. 

(b) LIJVER. Enlargement or swelling of the liver 

cells, general disappearance of the cytoplasm, the presence of 

vacuolated spaces, displacement and occasional disappearance 

of nuclei are the prominent changes seen. They are most marked 

near the periphery of the lobules. 

(1) Surgical interpretation of Shock. pages. 40,41 & 49 



(c) SUPRARENAL GLANDS. ~ he changes in the cortex are meat 

marked. The medull.ary cells may appear almeat nermal, while 

extensive changes exist in the certex. Histelegically there is 

enlargement •f the cells with eccasional rupture •f their mem­

branes, distorsion of their outlines, eccentric displacement of 

the nuclei, which may be crenated, and general disappearance of 

cytoplasm. 

Such ia the destruction ca.used in three vital °.~~a~s by 

trauma, haemorrhage ( anaemia), exl)osure, ~ -~igue ~. ~mot~~??-! 

insomnia, bacterial toxins, certain anaesthetic agents etc. 

The ideal anaesthetic must prevent these changes. 

It has been shown .that local anaesthesia or spinal 

anaesthesia ( which amounts to starering of th~ cor~_) ~-f~ioiE:ntly 

bars noxious stimuli from travelling up the afferent paths of 

per iphera 1 nerves 01• spinal cord to the bra in. But harmful 

impulses originating elsewhere require to be blocked in some 

other way. By eliminating consciousness ether act~ efficiently 

in the latter sense, but does it comply with the first? Far 

from it. It has been shown (2) th.at Ether affords the brain 

no protection against the harmt'ul impulses originating.:.in the 

operation field. What is more, it actually produces changes in 

the brain etc., which in no way are distinguishable fran those 

produced by trauma, without anaesthesia. In other words, ether 

is a shock producing agent• So much so, is this the case, 

that animals subjected to ether anaesthesia for 4 or 6 hours, 

Without trauma, may die the following day(3) The failux·e of 

(2) (3) Crile: Surgical interpretation of Shock P• 74 



-16• 

ether to prevent harmful stimuli, originating in the 

operation field, from reaching the higher centres is thus 

explained by Crile (4): "The lipoid solvent anaesthetics 

probably break the arc which maintains consciousness beyond 

the brain cells, somewhere in the efferent path, perhaps 

at the synapse, The afferent path from the seat of injury 

being unbroken, the afferent stimuli reach and modify the 

brain cells, as readily a~if no anaesthetic had been given, 

and~t would seem that the b'i:i-1.n cell changes must be due to 

the response of the brain as if in a futile effort to escape 

from the injury." 

Dale has shown that the anaesthetics ( chloroform and 

Ether, but not nitrous oxide), sensitize the capillaries to 

the action of histamine, so that in unanaesthetised 

animals about ten times the dose of the dru.g is needed to 

produce an equivalent depression of blood pressure. I! 

histamine is the causal factor in secondary shock, it is 

clear that ether may contribute considerably towaros 

magnifying this shook. 

Apart from certam toxic vhanges, to which \\'e refer 

later, we may aum up thus:-

(a) ETHER DOES NOT PREVENT TRAUMATIC SHOCK 

(b) ETHER PRODUCES CHANGES INDISTINGUISHABLE FROM 
SHOCK. 

(c) ETHER ENHANCES HISTAMINE SHOCK 

(d) ETHER PREVENTS PSYCHIC SHOCK. 

(4) Surgical Interpretation of Shock. p. 43 
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Is spinal anaesthesia in these respects of any greater 

advantage? We have seen that, by severing the higher centres 
X 

from the site of trauma, it pn3vents traumatic shock. There 

remains, however, a phenomenon of the gravest concern to be 

reckoned with. Spinal anaesthesia produces a fall of blood 

pressure with a consequent anaemia of the brain. Lack of 

blood, (therefore lack of oxygen) causes damage to the 

brain cells, essentially similar to the damage caused by 

ether or unblocked traumatic impulses. Thus, as a secondary 

effect, spinal anaesthesia produces, to a minor or major 

degree, depending on the extent and duration of the blood 

pressure drop, the very condition it is intended to prevent. 

We shall have to decide, whether the damage, if any, done by 

the anaemia, outweighs the advantages derived from prevention 

of traumatic shock, or vice versa ( see under blood pressure). 

The factor of anaemia assures the utmost importance When we 

have to deal with cases of low blood pressure, be that due 

to haemorrhage, shock or any other cause. We nay assume, 

for the moment, that the drug in itself does not cause shock, 

as does ether. 

x. It must be clearly understood that" traunatic shock" 
used in ·this sense does not refer to secondary 
shock. 



-18-

As spinal Anaesthesia does not dull the higher centres 
the brain remains unprotected against the effects of mental 

influences. Psychic Shock is not prevented. 

We conclude that:• 

(a) SPINAL ANAESTHESIJ\ PREVENTS TRAUMATIC SHOCK 

(b) SPINAL ANAESTHESIA MAY PRODUCE CHANGES INDISTINGUISH­
ABLE FROM SHOCK, IF THERE IS SEVERE AND PROLONGED 
FALL OF BLOOD PRESSURE. 

( c) SPINAL ANAESTHESIA DOES NOT PREVENT PSYCHIC SHOCK. 

2. PSYCHIC OR EMOTIONAL SHOCK. 

Noxious stimuli can reach the brain from many sources 
other then the field of operation. The :rm. tient• s own mind is 
a most fruitful source. He fears the pain of the treatment, 
the anaesthetic end death, he worries about a possible 

incurable disease, about long unemployment arxi financial loss. 
In his strange surroundings harmful stimuli reach him by way of 
his ears, eyes and nose. All this worry, fear and anxiety 

a.s 
produce "lesions that are truly physical lesions as are A 

fractures. u Fear may reduce the organism to a state of complete 
exhaustion even to death. Nobody has yet explained satisfactorily 
the process by which it takes place. Over-stimulation probably 
leads to over-reaction on the part of the higher centres, but 
the reaction does not necessarily prsent any external 
manifestations. 
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Part of the reaction appears to result in efferent 

impulses to the aupr8renal glands for there is always hyper­

secretion of adrenalin during emotional states. It has been 

suggested that sudden death from fear is due to a rapid out­

pouring of an overdose of adrenalin into the circulation. 

Crile ~sable to demonstrate changes in the brain etc., 

after prolonged fear similar to what he found after traumatic 

shock. 

Surgeons have long recognised how impo-rtant a factor 

fear is in dete1•mining the recovery of thei1• patients. The 

patient who views matters light-heartedly does well, whereas th 

one who is convinced that he will die, dies. 

Such things may happen to those who are physically;' 

normal, apart from the complaint which necessitates the 

operation. When, however, we deal with patients whose nervous 

system has beeome utterly exhausted by prolonged exposure, 

by the effects of bacterial poisons or by toxic thyroid secre­

tions, psychic shock becomes a matter of far greater iJnpo1•tance 

The truth of this has been demonstrated over and over again in 

the "stealing" method of treating exophthalmic goitre. 

When operating under spinal anaesthesia emotional 

influences may profoundly affect the patient. In order to 

eliminate them morphia and soopolomine are commonJJ used. More 

recently several drugs of the barbiturate series and avertin 
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have become more popular. They possess distinct advantages in 

producing more prorlonged and profound unconsciousness without 

possessing some of the disadvantages of morphia and 

scopolomine. 

COMPLETE ANOCIATION. We have drawn attention to the advan-

tages of spinal anaesthesia in preventing traumatic shock and 

noted the use of Avertin in preventing emotional or psychic 

shock. In many of our cases a combination of the two has been 

used. Such might ha.ve approached the ideal if it were not for 

certain drawbacks. Of these the outstanding one is fall of 

blood pressure. Both spinal anaesthesia and avertin amnesia 

cause the blood pressure to drop. 1fe have to consider later 

on, how serious a disadvantage this is, and whether we can do 

anything to remove or diminish it. 

III. RELAXATION 

This qualification of an anaesthetic is such an obvious 

one, that the point need hardly be laboured. 

A surgeon str'Uggling through a tight abdominal wall, 

causes marked shock to his patient by irritating the parietal 

peritoneum, by dragging on the mesente1•y and by pressing on the 

sensitive nerve plexuses. Apart from causing "traumatic shook" 

in such a way, his hand, by bruising muscles and organs, in its 

struggle, also adds to the degree of "histamine shock", that 

must necessarily follow absorption from the traumatised areas. 
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Can we in rigid cases estimate the precise amount o~ damage 

the assistant's retractor is doing to such an important and 

vital organ as the liver, one of the regulators of metabolism? 

Similarly irreparable damage may be done to the pancreas. 

Finisterer holds that many deaths after upper abdominal · 

operations are due to a bruised pancreas. Does technique 

not suffer for lack of relaxation? Relaxation, however, can 

be obtained, end retained, even in a powerful muscular man, 

but at what cost? The pat~nt has to be saturated with a 

highly toxic drug, which damages liver, lungs end kidneys, 

and yet does not protect him completely against shock, 

moreover produces shock. 
~ 

Loss of to~s in the voluntary 

tnWlcles depends on sympathetic paralysis. It is the first to go 

in spinal anaesthesia, the last in inhalation narcosis. 

The w:,nderful and complete relaxation obtained by means 

of spinal anaesthesia w:,uld certainly proclaim it as the ideal 

anaesthetic, if relaxation were the only point to be considered. 

As a beginner in abdominal surgery, one considered the relaxation 

afforded by spinal anaesthesia, one's best assistant. 

PROLAPSE OF INTESTINES. It seems quite in place 

here to remark about the problem of prolapse of the intestines 

through the operation wound. Apart from being ·a mere nuisance 

and prolonging the operation, prolapse has been shown to be 

one of the most important shock producing factors in 
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abdominal operations. Basil Hughes (5) has by careful 

readings shown how the blood pressure fell with each loop 

of bowel withdrawn from the abdomen. The obvious inference 

is never to allow the intestine to p1':>lapse and, when it 

is necessary to withdraw, do this systematically, loop by 

loop, replacing each loop before the next one is withdrawn. 

Can spinal anaesthesia assist us here? Everyone is acquainted 

with the trouble one sometimes has, even under sound general 

anaesthesia, with protruding gut. When repairing a large ventral 

hernia, or dealing with ab obstructed colon the surgeon may have 

the greatest difficulty in preventing the bowel from escaping 

from the abdomen. Excessive handling of distended bowel in 

obstruction also increases the shock in these cases. 

When operating under spinal anaesthesia it is a striking 

thing to see how the gut appears to recede to the posterior 

abdominal wall. The small intestine especially is contracted and 

peristaltic. The anterior abdominal wall is so relaxed that 

it can literally be lifted off the bowels. It is only in the 

most advanced cases of ol:stru.ction that I have noticed any tenden• 

cy at all for the intestines to protll'Ude under spinal anaesthesia. 

III. DURATION OF ANAESTHESIA 

That the effects of the anaesthetic should last for 

the duration of the operation, appears self evident. Fuller 

05) Personal comnmnication and B.M.J. 15th Oct. 1932. 



-22-

consideration, however, wull show the importance of this 

statement. Why do we consider it a serious matter for any 

operation to be prolonged beyond lt to 2 hoursi The reason 

is, that many patients will not stand two hours of noxious 

4mpulses from the operation field making their onslaughts 

on an unprotected brain, plus the rapid poisoning by an 

intensely toxic anaesthetic agent, administered over such a 

prolonged period. The effects of a general anaesthetic can be 

made to last the duration of the opefation, l:ut not without 

severely prejudicing the patient's convalescence. 

Does spinal anaesthesia offer any advantage? One can 

fairly safely assert that, provided the patient is well 

protected against psychic shock by means of a basal 

anaesthetic, is not allowed to suffer from the effects of 

exposure and from anoxaemia, ( a potent shock producing 

factor) the length of the operation will make no difference 

to him, while adequate anaesthesia lasts, except in respect 

of histamine shock which will depend on the amount of tissue 

damage done. One naturally takes it for granted,that all the 

principles of surgery are adhered to, just as in the case of 

general anaesthesia • . Until recently the great difficulty has 

been to get spinal anaesthesia to outlast extra long operative 

procedures. With the introduction of percain, this difficulty 

has been solved. Not only can complete anociation be maintained 
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for a three hours• operation, but the patient will be free 

from pain for several hours longer. My practical experience of 

percain is limited to a few cases but through the kindness 

of Dr Howard Jones I was given excellent opportunities of 

studying its effects a?Xl usefulness. As a result of this 

and judging by the favourable reports of others, I entirely 

agree that percain is a most valuable drug, and should be 

the one of choice, for any infra-diaphragmatic operation, 

that will last upwards of ll hours. The method to which 

I have become accustomed in this type of ca-se will become 

clear from the later description. Briefly 1h e procedure 

was to supplement spinal with some other form of anaesthesia 

when it appeared that the operation would be too protracted. 

The supplementary anaesthetic was either a splanchnic in­

jection, nitrous oxide-oxygeb or Ether. Generally, however, 

spinal anaesthesia, by the method we employed, could be 

relied upon to last 1 hour and 20 minutes. During this time 

most of the ordinary ab~ominal operations can be completed. 

IV• TOXICITY OF ANAESTHETIC AGENT 

Next to protecting the patient against pain and shock, 
s the intact preservation of his titsues and organs is the 

most important principle in anaesthesia. The two principles 

are really very similar. We have noted how the clinical 

manifestations of shock ere always associated with certain 
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definite pathological changes in at least three of the vital 

organs of the body ( whether these changes are to be 

considered as caase or effect we do not know) Experimental 

and clinical evidence very strongly indicate that these 

changes are brought about by a wide range of influences or 
a,rao/ 

agents or a combination of such influences orJagents. Amongst 

these we have noticed an influence such as a ser:1.es of 

charges along unprotected afferent nerve paths and we have 

discussed the effects of bacterial toxins, of histamine am 

of certain anaesthetic agents. In our quest for an ideal 

anaesthetic agent, we must look for one ( or a combination) 

which will not only protect the higher centres but will, per 

se, do no harm to any of the body tissues. So far this bas 

been unattainable, and, therefore, we have to find those 

agents that will do least damage. Such an extensive examina• 

tion being altogether beyond the scope of this thesis. I shall 

largely limit my remarks to the drugs, concerned in the 

cases reported on, namely avertin, stovain, spinocain and 

percaibe. 

(1) AVERTIN 

(a) Rectal Mucosa. About 50 cases of proctitis were 

reported during the first few years of the introduction of 

Avertin. Since then greater carefulness in testing the 

solution has practically eliminated the condition. It is 



caused by the presence of hydrobromic acid 1n the solution 

This substance gives a blue colouration when Congo Red is 

added to the solution. A negative Congo Red test and a 

healthy mucous membrane are absolute safe-guards against 

the condition. 

(b) Brain• The basal centres are somewhat depressed, 

but no organic changes a re produced. 

(c) Heart. The heart's action is slightly depressed 

while amnesia lasts, but no destructive changes are pro­

duced. Raginsky and Bourne (6)state that in normal doses 

Avertin has no deleterious effect on the heart and after 

repeated doses they were unable to discover any pathological 

changes. Such also is the evidence of the introducers of 

the drug. 

(d) Lungs. Respiratory complications after avertin 

appear to be mu.ch less common than after ether. In 1000 

gynaecological operations Young (7) has had 3 cases of mild 

bronchitis, 1 case of pleurisy and 3 cases of broncho• 

pneumoni& of which one terminated fatally. Probably the most 

important reason for tpis was the small quantity of inhalation 
anaesthetic required. Finisterer (8) and Dandy(9) report to 
the same effect. Dandy's report is atriking. He has not bad a 

(6} 
(7) 
(St 
(9) 

Current Researches in Anaesthesia 
Br. Med. Journal 5th Dec. 1931 
Personal Communicatioh 
J. Am. Med. Assoc. 30th May 1931 

and Analgesia Jan-Feb 
1932 
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single anaesthetic death, no post-operative pneumonia ani no 

other deleterious effect immediate or remote in 250 cranial 

operations of every type. (We realise, however, that 

pulomonary complications are seldom seen after cranial 

operations.) 

{e) Liver. Two conflicting views exist concerning 

the use of avertin in diseases of the liver. The chemical 

composition of the drug is such, that there are theoretical 

grounds for the belief, that it may dar,1E;.ge the liver ( 10) ( 11) 

Raginsky and Bourne (12) after damaging the liver of dogs 

with chloroform, and then repeatedly administering avertin, 

found that they were able to produce an additional 5•30% 

damage as measured by the tetrabromphenolphthalein dye 

test. This damage was of the nature of parenchimatous and 

occasionally fatty degeneration. Wid~nhorn (13) has found 

an increased blood sugar following the administertion of 

avertin. Shipway (14) on the other hand, on the strength 

of his extensive clinical experience disregards the possibil• 

ity of liver damage. Ashworth (15) too is of opinion that 

little need be feared in cases of liver damage but bases his 

remarks on 3 caseB only. Two of these were jaundiced and 

suffered no 111 effects fron the avertin. Yet Seiffer (16) 

and others as a result of their clinical experience, have 

(10) 
(11) 
(12) 
( 13) 
(14) 
(15) 
(16) 

WilBox: Lancet 11th July l93l 
Parsons. Lancet. 6th June. 1931 
Anaesthesia and Analgesia Jan-Feb. 1932 

" 
11 

" March-April 1932 
Lancet. 6th June 1931 

Br.Med.Journal. 18th June 1932. 
Zentralblatt fur Chirurgie 1929 Nr 35. 2183. 
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warned against its use iL diseases of the liver. 

We bad only 2 cases of rather serious collapse after 
avertin. Both occurred after cholecystectomy for gall stones. 
One patient was jaundiced. In view of the warnings expressed 
by some this experience made us hesitate to use avertin 

for cases of hepatic disease, until we had carried out the 

following investigation. 

I performed functional tests for liver efficiency in 

12 patients who had Avertin end Stovain combined anaesthesia, 

avertin being given in the dose of 0.1 grm. per kilogram 

of body weight. (Details of test will follow) I demonstrated 
that there was evidence of liver dama.ge in 4 cases. One of the 

4 cases will b~ examined more closely on account of the doubt 
that exists concerning the use of Avertin in diseases of the 
liver. 

All 4 cases had laparotomy performed. Their livers 
were inspected. In 3 there was no evidence of disease. In 
one case (H.J.) w~th a diagnosis of duodenal ulcer we ·round 

no ulcer but an advanced degree of alcoholic cirrhosis of 
the liver. This ca3e and one other of the four had given a 
positive laevulose test before the operation, that is, in 

2 cases out of 4 we bad evidence of deficient liver function 
before avertin had been adminisbered. The readings of the 
case H.J. are worth quoting, because here we not only had a 

positive test before and after operation indicating liver 



deficiency, bu.t we actually fcund a cirrhotic liver during opera­
tion. There could exist not the least doubt in this case. The 
readings we obtained are in entire agreement with the findings 
of Raginsky and Bourne in the animal experiments we have quoted. 
On the day before the operation the patient's fasting blood sugar 
was estimated ~nd a carbo hydrate tolerance test was made 

immediately afterwards. The following readings w.ere obtained: 
Fasting blood sugar before operation 107 Blood Sugar l hour after giving 60 grm of laevulcs e orally 98 

" " 1 hour " " " " " " 153 " " 2 hours " " 11 11 
" " 131 

(The apparent fall at the l hour period is within the limits 
of observational error) We notice here, that the blood 
sugar level rese from 107 to 153 one hour after laevulose, 
i.e. a rise of 46 mg. per cent. A rise of over 30 mg. per 
cent is taken as evidence of deficient function of the liver. 
The liver in this case was unable to · cope with the sugar in 

the blood aa rapidly as it should. We notice too that the 2 

hour reading is again on the downward trend. This ind.1cates, that 
although it was not quite normal, the liver still remained active 
enough to cope with the sugar if allowed tim •. A similar test was 
carried out on the day after the operation and the following 
readings were obtained: 

Fasting blood sugar 24 hours after 
Blood Sugar t hour after &i: iving 50 
" " l hour II 

ll " 11 11 2 hours" " " 

operation 
grms of laevulose orally 

" It 
II 

Here again tne rise is far in e xeess of the normal 30. We 

also notice that the blood sugar level is still going up 2 

113 
139 
195 
243 
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hours after the laevulose had been given, Rolleston and McNee 

(17) consider this an important factor in the interpretation 

of the test. WHEREAS BEFORE THE AVERTIN HAD BEEN GIVEN THE 

BLOOD SUGAR ROSE 46 MG PER CENT AT 'JRE 1 HOUR IE RIOD IT ROSE 

NO LESS THAN 82 MG PER CENT DURING THE SAME PERIOD AFTER THE 

AVERTIN HA.D BEEN GIVEN. WHEREAS, BEFORE THE AVERTIN HAD BEEN 

GIVEN THE LIVER WAS ABLE TO DEAL WITH THE EXCESSIVE SUGAR IN 

2 HOURS IT BECAME Q.Ur'TE INCAPABLE OF DOING IT AFTER AVERTIN 

HAD BEEN GIVEN. 

This case confirms the experimental evidence, where it 

was shown that an already damaged liver will be further damaged 

by avertin. We are inclined to believe that the dama.ge is of a 

less transitory nature than Widenhorn ( 18) thinks. He finds that 

the blood sugar usually returns to normal in 8 to 24 hours. This 

we cannot confirm. This clinical test, of course, does not tell 

us what, if any, the pathological changes in the liver are. It 

merely indicate! that the liver bas become incapable of completely 

discharging its physiological duties. From the experimental 

evidence obtained by others we ma.y, however, infer that parenchyma 

tous and even fatty degeneration had taken place. 

(l?) 

(18) 

What practical significance do we attach to this? 

It seems clear that avertin does damage the liver and it 

Dis eases 9'-t:'. the 11 ver p. 70 
~- - ' 

Anaes & Analgesia. March - April 1932. 
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would be unwise to disregard this. On the other bani, there 

appears to be very little cause for pessimism. The case of 

cirrhosis of the liver, just dealt with, had a convalescence 

as smooth as could be wished. So did the other three with 

positiwe laevulose tests. They certainly showed no other 

evidence of liver insufficiency. We, therefore, conclude that 

(a) THE SURGEON NEED NOT FEAR THE EFFECTS OF AVERTIN IF 

THE LIVER IS NORMAL 

(b) THE DANGER IN A CASE OF SLIGHT HYPO FUNCTION OF 

THE LIVER IS SMALL AND AVERTIN IS NOT CONTRAINDICATED. 

(c) WHERE MARKED LIVER DEFICIENCY EXISTS AVERTIN IS 

CONTRAINDICATED. 

(2) SPINAL ANAESTHESIA 

All drugs used in the production of Spinal anaesthesia 

are tissue poisons. Cocain is t~e most potent and has been 

discarded. When used in normal dosage and dilution the others show 

very little, if any, evidence of direct toxic effect on the 

tissues. This, however, is not a universally accepted fact. 

Howard Jones (19 ) for instance, holds that the fall in blood 

pressure is largely due to the toxic effect on the vaso-motor 

centre by the drug, which has been absorbed from the spinal canal. 

(19) Anaesthesia and Analgesia Sept-Oct. 1932. 



We shall consider this subject of toxicity first in 

relation to the blood pressure and later in relation to the 

liver, the respiratory system end the cord ani meninges. 

{l) Fall or Blood Pressure. This is in every 

respect the most serious problem in spinal anaesthesia an:l 

its most dreaded complication. The abundant literature on 

the subject is both confusing am misleading. Each experimentor 

proves to his own satisfacti.on that one particular factor is 

the source of all the mischief. This is a fallacy. The blood 

pressure is lowered for several reasons and to a combination 

of these must we attribute t~e total fall. We sh.all endeavour 

to classify the causes in the order they appear to us most 

rational, and refer briefly to some controversial points. 

CAUSES OF FALL OF BLOOD PRESSURE 

(a) Paralysis of the vaso•constrictors. Blood pressure 

varies as the product of cardiac output and the peripheral 

resistance. Peripheral resistance consists chiefly of the 

tonicall.y contracted arterioles, principally those of the 
' spanchnic area and the skin. ( 2). The state of the arterioles 

is under continuous control of the vaso-motor centre which is 

situated in the floor of the Fourth Ventricle. The fibres to 

the splanchnic viscera arise from the· lower 7 dorsal and the 

upper 2 or 3 lumbar segments. If these fibres are paralysed, 

as happens in spinal anaesthesia, or if the splanchnic 

{20) Samson Wrightf Applied Physiology pp. 290-291 



nerves are severed a considerable proportion of the body's blood 

is delayed in the abdominal organs, the so-called "splancbnic 

pool". That this is the case can be demonstrated experimentally 

by measuring the size of an organ in a plethysmograph. 

This paralysis of the vaso•constrictor nerves 

is almost certainly the main cause of the f'all of blood 

pressure. 

(b) Functional severance of the motor nerves to the 

voluntary muscles, leads to complet~flaaidity allowing a large 

amount of blood to collect in their veins end venules. It has 

not been proved that S3Mpathetic paralysis dilates the 

arterioles in the muscles; Wright believes the reverse to be 

the case •• 

( c) Paralysis of the intercostal and abdomina 1 wall 

muscles (21) Gray and Parsons as quoted by Severs and Waters, 

(22) attribute the "main f'all" of blood pressure to paralysis 

of the intercostal muscles and the consequent diminution of the 

aspiration action of the thorax, whereby blood is sucked from 

the abdomen to the heart and paralysis of the abdominal muscles 

which normally pump the blood out of the abdomen. The dia ... 

phragm tries to compensabe by larger excursions but does not 

succeed on account of the flaccidity of the muscles of the 

(21) Evans: Spinal Anaesthesia p. 84. 

(22) Anaesthesia & Analgesia. March• April 1932. 



abdominal wall. After p,.ralysing the intercostal muscles 

of dogs by spinal anaesthesia, they were able to re$1;ore the 

blood pressure to normal by means of artificial respiration. 

To exclude the effect of better oxygination produced by 

artificial respiration, they controlled their experiments 

by others, where the dog received a liberal supply of oxygen 

but no chest movements. In such cases the pressure rose to 

some extent, bit yet remained well below normal. 

( d) Anoxaemia. When the majority of tbe intercostal 

muscles have been paralysed by a high spinal anaesthesia 

respiration is chiefly carried on by the diaphragm. With the 

diaphragm alon~ operating, lung expansion takes place 

chiefly in the lower lobes and avery little in the upper. This 

results in inadequate oxygenation of the blood. The pulmonary 

circulation is already diminished a~a result of splancbnic 

and muscular stagnation of the blood. Thus inadequate oxygena" 

tion may become more important still. 

This lack of oxygen is termed anoxaemia. The manner by 

which it brings about a fall of blood pressure is a complicated 

one. A moderate deficiency of oxygen usually causes a rise of 

pressure by stimulating tbe vaso-motor centre. It seems, there~ 

fore, contradictory to state that a greater deficiency could 

cause a fall. The explanation is obtained in the effect of 

anoxaemia on the respiratory centre. This too is a complicated 
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chemico•physiological process, but can be simply explained 
thus: Anoxaemia is a cause of increased fatigue of the centre 
and shallow breathing, which again accentuates the tendency 
to anoxaemia. A vicious circle is thus established which, 
unless broken, inevitably leads to respiratory arrest.(Haldane) 
Meanvhile a state of alkalaemia has developed. This results in 
a less sensitive vaso-motor centre and the blood pressure falls. 

(e) Paralysis of the Cardiac augmentor nerves. The 
Augmenter nerve fibres belong to the sympathetic system and 
arise from the first 4 dorsal segments. Normally they stimulate 
the heart to greater activity as soon aa the blood pressure 
falls. The vagus (parasympathetic) has the reverse action. 
It slows the heart. When the accelerating influence of the 
Augmenter nerves is eliminated or diminished the vagus has 
free play and inhibits the heartts action considerably. In high 
spinal anaesthesia some of, if not all, the augmentor fibres 
are partially or totally paralysed. The action of the heart 
is inhibited, the pulse rate falls and does not respond to the 
falling blood pressure. 

(f) Direct toxic effect on the vital centres. That 
the toxicity of the drug is an important, if not the chief 
cause of the fall of blood pressure, is a view that is gaining 
popularity just now. Hewer (23) states that percain 

(23) Recent advances in Anaesthesia p. 121. 



causes a smaller drop in blood pressure than novocain or 

stovain, because in the concentrations used it is less toxic 

when absorbed into the blood. Howard Jones (24) claims that 

drugs used in spinal anaesthesia affect the vasomotor centre, 

after blood absorption, to such an extent as to lead to 

"severe collapse to a pulseless state" 

It is quite clear that this is a secondary effect 

altogether, blt it is of first rate importance. The sympathetic 

fibres in the motor roots are amongst the earliest to be 

affected and the result is soon reflected in a fall of blood 

pressure after a spinal injection has been made. Thi! is the 

primary fall. Then the drug is gradually absorbed into the 

veins and to some ex.tent it accumulates in the blood before 

being destroyed by the liver. During this period it exerts 

a depressing effect on the vaso•motor centre, and causes a fall 
X 

in the blood pressure. This is the secondary fall. It is 

most marked at the time of maximum concentration of the drug 

in the blood. In the case of stovaine this takes place 15"20 

minutes after injection, whereas with percain it takes place 

about 35 minutes after. The reason is that stovaine is used 

in con:,centrated form ( 5-10%) wher~as percain is used in 

(24) Anaesthesia and Analgesia. Sept-Oct 1932. 

x. I am us:ing the terms primary and secondary merely for the sake of lucidity. In practice the fall is a continuous one anc no stages can be recognised. 



extremely dilute solution (1: 1500). Moreover the fall is less 
with percain than w1 th stovaine. Granted that an equal number 
of spinal roots were paralysed, the primry fall must be equal 
in the two cases. What difference there is mu.st be due to a 
difference in the secondary fall. 

Occasionally one meets with an individual who is hyperw 
:,ensi tive to the drug. In such a case the poisoning symptoms 
will be acute and resemble anaphylactic shock (25) There is also 
the possibility of injecting the drug intravenously with serious 
collapse and even death. 

(g) Adrenalin Deficiency. Adrenal in is a product 

of the iredulle. of the suprarene.l gland. It is carried into 
circulation by way of the adrenal veins. Its action is to re .. 
inforce the activity of the sympathetic nervous system during 
conditions of stress (26) Its secretion is controlled by the 
splanchnic nerves. During times of stress, such as a marked tall 
in arter1al blood pressure , the supra.renal takes on "emergency 
functions", constricts the arterioles chiefly in the splanchnic 
area and the skin, increases the i:aripheral resistance and 
raises the blood pressure. It also redistributes the blood 
directing the main fl<W to such important organs as the brain, 
heart ani lungs. The stimulus for such emergency function is 
the fa 11 of pressure itself. It is possible that this starts in 
the aorta and in the carotid sinus. The impulse to secrete 
is conveyed along t~ splanchnic nerve. (As far as we know there 

(25) Evans: Spinal Anaesthesia. p. 114. 
(26) Samson Wright: Applied Physiology P• 130 
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is no hormonal influence} 

In high spinal anaesthesia this secretory nerve is 

paralysed. The demand for adrenalin is present, but the gland 

remains ignorant of the f'act; consequently it does not respond. 

Although we ha. ve no experimental proof that thi3 is the 

case in spinal anaesthes :la, we f'ea l justified on theoretical 

grounds to regard adrenalaemia as a factor in the fall of 

blood pressure. Perhaps it 1s more correct to say that adrena .. 
laemia is an important factor in preventing the blood pressure 
from rising after t:t.e initial fall. Clinical evidence strongly 
supports this conclusion. 

IS row BLOOD PRESSURE IN SPINAL ANAESTHESIA IDENTICAL 
l,,~ THE LtBW BLOOD PffiSSURE OF SHOCK? 

Crile (27} states that "surgical shock is an exhaustion 

of the vaso•mot or centre. Neither the heart muscle, nor the 
cardiac centres, nor the respiratory centre, are other than 

secondarily involved. Collapse is due to a suspension of the 

function of the caroiac or of the vaso-motor eehanism or to 
haemorrhage. In shock cardiac stimulants have but a limited 

range of pea si ble usefulness, arrl. may be injurious. In 

collapse stimulants may be useful be cause the centres are 
not exhaust ed." 

(27} Blood Pressure in Surgery. p. 412. 



The lav blood pressure of spinal anaesthesia is in 

kind similar to that of collapse and may also, in cases of 
disaster, be similar in degree. On the other bani, there are 
distinct pathological and clinical differences be tween low 

blood pessure of spinal anaesthesia ani low blood pressure 
of shock. The following are some of the more important: 

SHOCK SPINAL ANAESTHESIA 
fl.t 

(a) In severe cases of shockAvaso­
motor centre is exhausted. Brain 
cells are damaged. There is little 
or no response to artificial rais• 
ing of the blood pressure or to the 
aaminlitr&tion of oxygen. 

(b) The capillaries are dilated 
and more permiable. The blood 
is more concentrated. 

(c) Recovery is slow. The 
patient is 1,stless and apathetic 
This may be due to brain cell 
changes and severe metabolic 
disturbances. 

(a) In ordinary cases of Spinal 
anaesthesia the vaso•motor centre 
is altogether unaffected. In 
"dangerous" cases the activity of 

the centre is d 1minished. In most 
cases this is due to anoxaemia 
( rarely toxicity of the drug) 
The centre will respond at once on 
increasing the supply of oxygen 
{28) or artificially raising the 
blood pres sure. 

(b) The arterioles are dilated 
Blood is not concentrated. This is 
important because the arterioles wil 
respond to adrenalin. 

( c) Recovery is rapid as the effect 
of the aiaesthetic on the sympathe• 
tic nerves wears off. There is no 
apathy. The patient will often 
declare himself to feel almost normal 
,after a considerable fall of blood 
pressure. 

The following two cases illustrate these differences. 

(28) SeVers & Waters: Anaes & Anal. March-April 1932. 



The first, a middle-aged nale was operated bn by Mr. 
H.Stewart at Bradford• March 1932, for duodenal ulcer. 

Gastro-enterostomy was performed UIXler general anaesthesia. 
This was followed by " vicious circle" vomiting. Some days 

later it was decided to do another laparatomy, this time 
under spinal anaesthesia, for tear of chest complications. 
This being one of the "opposition fi:nns" in the hospital I 
was very anxious to procure an entirely successful anaesthe­
sia. The usual dose of stovain was given, tut the head of the 
table was tilted down slightly more than usual. The patient 
also had avert in. Perfect anaesthe s 1a ani relaxation 
were obtained, and retained, during the Yhol e of a long am 
difficult duodeno•jejunostomy. It, however, soon became 
evident that we bad obtained far more anaesthesia than was 
necessary. Practically all the intercostal muscles were 
paralysed and very shallow breathing resulted. 

In addition the blood pressure fell so low that the pulse 
became imperceptable at the wrist. The Patient's colour 
remained fair, the skin remained warm amd there was very little 
s weating. We were alarmed, but not unduly so, knowing that 
the condition was not one of shock, and that the patient's 
condition would improve as soon as the effect of the stovain 
on the spinal nerve roots began to wear off. Towards the el'Xl 
o·f the operation a strong pulse had returned at the wrist. 
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After the effects of the avertin had worn off the patient 

not only declared that he felt very well, 1::ut his condition 

was just the reverse of what it would have been, had shock 

been the cause of his low blood pressure. 

It is quite evident that we were dealing with a case 

or what might be described as uncomplicated low blood 

pressure. There was no suspicion of vaso-motor exhaustion 

as in shock. The vaso->motor centre was undamaged and 

entirely alive, it merely had to await a larger supply of 

blood and better oxj genation to assume full control of its 

duties once more. We disagree with Pitkin (29) when he 

describes such a state as one of ''profound shock." 

Frequently as Normal Lake (30) says the 11fall in blood 

pressure is more al arming than serious." We wilsh however to 

emphasize that our attitude towards this state of low blood 

pressure is not one of complacent tolerance. It is a state 

that should be avoided by all possible imans, and when 

encountered, should receive the most prompt and skilful 

treatment. Although we deny it to be shock, in the first 

instance, we are only too well aware that if allowed 1D 

persist, it will, by deficient blood supply, bring about a 

pathological change in the brain cells in no way distinguish-

able from that pro weed by shock. 

(29) Am.Jour. of Surg. Dec. 1928 
(3ot Centenary Meeting B.M.A. 1932. 

-··· ---··· ., ... 
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The second case was a man of 56 years we treated at 

Tilbury. He had been quite well until 10 hours before 

admission, when he Yt'B.S suddenly overpowered by acute 

abdominal pain, while feeding his pigs early in the morning. 

A doctor was called in the afternoon and diagnosed appendicitis. 

When we saw him, he had ah ominous cyanosed appearance 

about the mucous immbranes suggesting an overpowering toxaemia, 

his eyes were sunken, he was apathetic and did not complain 

of much pain. Pulse was fast, but the pressure still fair. 

On examining the abdomen there was board-like rigidity of 

both recti below and above the umbilicus, with maximum 

intensity i~ right iliac region, where also tenderness 

appeared to be most marked• We diagmosed perforated peptic 
ed ulcer. In spite of the patient•s shock ;state, we decided 

that spinal anaesthesia would probably be less dangerous 

than general. Laparotomy revealed a perforation of a 

diverticulum of the pelvic colon. The abdomen was full of 

faeces. There was acute general p,ritonitis. 

During the operation the blood pressure did not drop 

very much, neither did the pulse rate rise appreciably. 

Yet the recovery of pressure, that one is accustomed to 

look for towaros the termination of and after the ore ration 

never set in. Pressure gradually dropped arxl pulse rate 

gradually increased until the patient died the same night. 

He died of shock. This case illustrates the low blood pressure 
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of shock. 

The vaso-motor mechanism was exhausted by the shock 

produced by perforation of the bowel arxl toxaemia. The 
additional lowering of the blood p l"essure by the spinal 

anaesthesia probably increased the shock. 

No doubt this was an extreme case. He would probably 
have died, even had only local anaesthesia been used. But he 
serves as a warning against taxing an already over-powered 

vaso-motor centre by an additional lowering of the blood 
pressure. At the same time every detail of the ease is 
in line with our argument that the low blood pressure of 

spinal anaesthesia is essentially dif'ferent from the 
low blood pressure, of shock. 

11. Effects on the Liver. 

We beci.'me interested in the liver, not because we 
belie,red that drugs used in spinal anaesthesia would directly 
damage its tissues to any appreciable extent, but because we 
considered the liver to be a convenient organ, whereby we 

could measure the effects of shock on account of the destruct­
ive changes seen in its cells. We argued that, if spinal 
anaesthesia damaged the liver either directly, or through 
a fall of blood pressure or through failure in protecting the 
patient from shock in any way, we should be able to obtain 
evidence of this by means of a functional test. We were 
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hoping to repeat the test in cases of ether anaesthesia, 

but were unable to do so on account of the almost inevitable 

vomiting that follows the administration of 50 grms of laevu­

lose in such cases. 

The method we adopted was as follows: On the day 

before t ~e operation a normal fasting blood sugar reading 

was made. This was followed by 50 grms of laevulose and half 

a pint of water by mouth. Blood samples were again obtained 

l hour, 1 hour and 2 hours later, and sugar estimations 

made by a modified Calvert's method. The v.hole procedure 

was repeated on the day after the operation. We thus 

obtained (a) Fasting blood sugar reading before and after 

the operation. 

(b) a liver function test before arxi after the operation. 

On account of vomiting arrl technical errors some of the 

readings had to be discarded and one has not bad another 

opportunity of adding to this small number of cases. 

Of the 19 •spinal' eases whose blood sugar we estimated 

we found that there was a post-operative rise in 17 and a 

fall in 2 cases. The average was a rise of 24.2 mg. per cent. 

From this we concluded that, to a certain degree, there was 

impairnent of sugar metabolism after spinal anaesthesia. 

This impairment appeared less marked in cases where pure 

spinal anaesthesia was performed, (18.f mg. per cent) than in 

cases where spinal anaesthesia was combined with avertin, 

( 33 mg. per cent) Wo know that even after local anaesthesia 

-----~-----~--~----~------------------_ ..... ,,..._ .... 
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there is a rise in blood sugar (31) 

The question arises whether this was a purely functional 

phenomenon or whether we could produce any clinical evidence 
to show that spinal anaesthesia damaged the liver ( directly 
or indirectly) The clinical evidence that we have taken as our 
standard, is the a aroo, as VIe adopted in our discuss ion ob 

~he effect of avertin on the liver, namely, a rise of over 
30 mg per cent in the blood sugar after administration of 50 
gm. of laevulose. By UlSing laevulose ( end not glucose) 

changes in the pancreas and muscles which mal,y influence 
blood sugar are eliminated. As far as is known laevulose is 

metabolised by the liver only.(32). 

Our figures showed that the highest level of blood auger 
was almost invariably reached, 1 hour after giving the 

carbohydrate. To simplify matters we have, therefore, dis• 

regarded the i hour and the 2 ijours' readings and merely took 
into accoubt the 1 hour figure. 

The result of this investigation was to show that out of 
18 cases there was evidence of post-operative liver xdamage 
in 7. As this figure seems extraordinarily high, we thought 
it necessary to examine a 11 7 cases more clcs ely. On going 
over our records we found that in every case there was present 

(31) Br. Med. Jour. 24th Sept 1932. p. 52 

(32) Rolleston and McNee. Diseases of the Liver p. 71 
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some factor Vlhich migit account for the positive test, i.e 
the liver damage. For convenience we group the cases into: 

(1) Those that had shown liver hypofunction, as 
evidenced by an exactly similar test, before the operation, 
and in addition received avertin. 

(2) Those that showed no pre-operative evidence of liver 
damage, but received avertin 

(3) Those that received no avertin, hlt showed evidence 
of liver damage before the operation. 

In the accompanying table we call, positive ( or pos •) 
those that gave evidence of liver damage, that is, had a 
rise in blood sugar of 30 •mg.per cent after 50 gm of laevu• 
lose. 

before operation neg. before op. pos. before op. avert1n plus avertin no avertin. 

Case Case . . . • (pre.o~.rise 44 : H.M. (pre.op rise 17 . W.B. (pre OJ: rise 33 • (post " · 55 . (post n 64 . (post n 35 . • . . • . (pre " n 46 : o.w. (pre " " 27 . E.T. (pre " ft 32 • (post n ti 82 . (post " 56 . (post ti 45 .. • . . . • (pre n . ft 
42 . . • • (post " ft 47 . . 

It is cl ear f'rom this table that in each cse, where 
our test gave evidence of liver damae'J', following spinal 



anaesthesia, an additional factor had to be reckoned with. 

Five of the cases (groups I and III) gave positive tests 

before the operation. We were, therefore , not surprised to 
find them positive again after the operation. Tllnis leaves 

us with 2 cases ( group II) out of 18. These two apparently 

had normal livers before the operation ani pathological 

livers after. They both received avertin. We have previously 
fully discussed the possibility of avertin causing demonstrable 

liver damage. We have no clear proof that the avert1n was 
the responsible factor in these two cases, 'tut it certainly 
appears to be a reasonable supposition. At any rate, we have 
no proof either that the spinal anaesthesia was responsible 
for the damage. 

( I wish here to draw attention to a point Which has no 
bearing on the thesis, but which confirrm the conclusion of 

Mekie ( 33) and other observers. They state that there is no 
physiological foundation for the common practice of giving 

glucose to a patient suffering from surgical shock, because 
there was already more sugar in the blood than the liver could 
metabloize. Their observations were made after general 

anaesthesia, where there was always a high sugar content. 
From my observations in spinal anaesthesia it appears that there 

a 
was/rise in 17 out of 19 cases. It seems, therefore, that 

(33) Mekie and Millar: Br. Med. Jour. 9th Feb. 1929 Mekie: Surg. Gyn. and Obs. Sept. 1931• 
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also in spinal anaesthesia there is no call for pest-operative 

glucose medicatton.) 

The clinical significance of liver damage during anaesthe" 

sia is obvious and need not hold our attention for long. 

It probably matters little in the end, even though it adds to 

morbidity and discomfort, whether the anaesthetic causes a 

certain amount of parench)matous degeneration in the liver 

of the strong and more or less normal patient, ur.rlergoing an 

operation for some chronic non-infective complaint. But we have 

to consider whether impaired function of this organ does not 

become a matter demanding our serious attention in eases whose 

livers are being over-powered by toxins. Is the additional 

burden we put on such a liver, by administering a destructive 

anaesthetic, notmore than once the very means of turning the 

scale to the wrong side. The liver plays a most important 

part in the metabolism of protein, carbohydrate and fat arxi 

in the destruction of bacterial &DJ. other toxins circµlating 

in the blood. If it has already been injured by infection or 

disease the addition of a toxic anaesthetic will add to the 

damage and result in diminution of the alkali reserve and an 

increase of acidosis, owing to an insufficiency of the liver 

tissue. Without abundant experimental confirmation, one cannot 

be dogmatic about the question as to wp.ether the anaesthetic is 

to be blamed as the cause of death in these cases. But one 
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suggests that many cases of acute abdominal infections die, 

not on account of the infection, blt on account of a failure 

of metabolism. This is the result of destroying too many 

cells or an organ already severely damaged. Every surgeon 

meets with the case of acute appendicitis with peritonitis 

which dies on the 3rd, 4th or 5th day, where on autopsy it is 

difficult to explain exactly why the patient should have died. 

In fact, there appears to be no reason why the patient should 

not have overcome the infection. Death may be ascribed to 

shock or to peritonitis. Is a failing liver not responsible 

for some of these deaths? Normal metabolic function and a 

rapid destruction of the products of infection may have 

averted the disaster. 

III. Effects on the meninges, cord, nerve roots and 

cranial nerves due to irritation and trauma. 

We are at the moment considering the toxic effects of 

drugs used in Spinal Anaesthesia. It is convenient, however, 

to deal with traumatic lesions at the same time as their 

effects may be very similar. 

(a) 

{b) 
(c) 
(d) 

Causes of Nerve and Meningeal Lesions. 

Injury to the cord or nerve roots by the needle 
or the injection. 
rressure of a haematoma on a nerve root. 
rritation of the drug 

Infection. 



Tzyes of Lesion. 

1. Hee.dache1 has in the past been an annoying complication 

of spinal anaesthesia. With better understanding of its causes 

it has become less frequent and its treatmnt has become more 

efficient. Headache after spinal anaesthesia is not necess• 

arily due to the anaesthesia. Mild forms may occur after any 

type of anaesthesia. Such headaches as a rule disappear quickly 

after an analgesic tablet. This type of headache occurred in 

over 20 per cent of our patients. There remain, however, two 

types which are definitely due to the spinal anaesthesia. They 

may be termed Low Pressure . Headache and High Pressure Headache, 

respctively. 

Low Pressure Headache is due to leaking of cerebrospinal 

fluid into the tissues. It may occur after any lumbar puncture 

whether fluid is injected or not. It is v.orse on raising the 

head and improves on lowering the head. It is not accompanied 

by irritative signs such as photophobia and a stiff neck. The 

introduction of the small bore needle bas very largely eliminated 
l this type of headache. By keeping the patients head low for 24 

hours after the operation a certain number will be avoided. If 

encountered the best treatment is to raise the foot of the bed 

and to give analgesics. Hypotonic saline intravenously is said 

to cure persistent cases. 

High Pressure Headache, is due to meningeal irritation 

usually aseptic, rarely bacterial. The spinal meninges are 
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injected an~ the cerebro-spinal fluid is increased in amount ani 
cellular content. 

This type of headache usual l y starts on the day after 

operation, sometimes as late as the third day, and may last 
over a week. It is severe, is not improved by lowering the 
head and is accompanied by signs of irritation such as photophobia, 
stiff neck and even a slight Kernig•s sign. 

The cause of the non-infective irritation is undoubtedly 
the drugs used in spinal anaesthesia. Exi:e rimenting on dogs 

Dar is and his associates ( 34) found that all drugs used for 
this purpose caused a varying degree of inflammatory reaction 

in the leptomeninges. 

Treatment consists in keeping the patient quiet and 

administering analgesics. If this does not bring relief hyper':'i; 
tonic saline or glucose intravenously must be given. In one case 
we had to resort to hypertonic saline. It brought immediate 
relief. Lumbar puncture has the same effect. We have seen this 
type of headache on three occasions. In one case the pain was 
localised in the neck. 

Meningitis may be 

(a) non-infective or irritative and 

(b) purulent 

Little moreneed be added after what has been discussed under 
headache. 

(34) Jour. Am. Med. Ass. 12th Dec. 1931 
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Purulent meningitis is seldom due to anything but careless 
technique and should not be encountered. A blood born infection 
could take place, but must surely be exceedingly rare. 

The treatment consists in frequent lumbar puncture. 

3. Abdu.cens Nerve Palsy. 

From the practical point of view far too much stress has 
been la·id on this rare complies. tion. It causes some inconvenience 
but always clears up spontaneously. Babcock has not seen it 1n 

15000 consecutive cases of spinal anaesthesia. The cause is by 
no means clear. The sixth nerve has a long intra.cranial and 

is the comrrDnest cranial nerve to be affected in any form of 
meningitis. It is possible that the lesion is due to a basal 
meningitis. Irritative signs sometimes accompany it. The 
condition may be bi-lateral. Whether the meningitis is infective 
or not is difficult to determine. 

Babcock (35) states definitely that the condition is due 
to an inf'ection which bas an incubation i;eriod of one week. 
It usually clears up by the fourth week, but may last six or 

eight weeks. We have not seen the condition. 

Urinary Incontinence, parathesias, weakness of muscle 
groups, Trophic cru:inges. 

These are sequelae we occasionally meet with. They are of 
extreme importance, especially urinary incontinence. Probably 

(35) A Text Book of Surgery. p. 574. 
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most of 1hese changes have no connection with the spinal anaes" 
thesia. Unfortunately we seldom examine our patients preliminarily 
from this point of view and, therefore, may involve ourselves in 
court proceedings. Amongst out' patients there are two who 
developed incontinence. In neither case was this due to the 
anaesthesia. We deal with them in the next section. It is not 
always very easy to decide whether a change such as this is 
functional or organic. If organic any of the four causes which 
we have uentioned earlier may be responsible. 

Injury of a nerve root by the needle is probably responsi­
ble for some cases of parathesias. The condition always clears 
up, but may last several months. At the tim:3 of puncture 
the patient will feel a sharp pain down his limb. In the two 
cases we have seen, no evidence of organic ne~e lesion could be 
obtained. They are rep:>rted on in the next section. 

A group of muscles may be similarly affected. 
We have come across patients complaining of weakness 

of the legs. No organic les lon can be discovered. It is possible 
that in such people the cauda equina was temporarily compressed 
by an extra-dural haematoma. It seems reasonable that such 
damage may also be the ceuse of urinary incontinence . Careful• 
ness and practice will minimise the risk. some cases will be , 
unavoidable. Such patients

1 however, always recover. There 
remains nevertheless a type of patient who will not recover 
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completely. This is due to damage of the cord. Under 

the next heading we point out how the careful surgeon 

need not fear ever to come across such a case. 

Can irritation of the drug cause degenerative 

changes in the cord or nerves? Davis ani his collaborators, 

to whose work we have already referred, noticed the following 

changes in dogs:• 

(a) Passive changes in the ganglion cells of the 

cord similar to those seen in retrograde or so-called 

Wallerien degeneration. 

(b} Swelling and fragmenta tion of the axis cylinders. 

(c) Signs of degenerative changes in the flvre tracts 
of the cord. 

But on killing their animal~ 90 days later these 

chenges bad entirely or almost entirely disaPJB ared. This 

work is of extreme importance end should dispel any fears 

of a permanent toxic degeneration we im. y have had. There 

is also the authoritative clinical evidence of Babcock (36) 

after an experience of more than 20,000 operations under 

spinal anaesthesia.. His words are: "May spinal degeneration 

and paralysis follow the intradural injection? I doubt the 

existence of medullary paralysis from the proper use of 

spinal anaesthesia. One of our patients had eleven inductions 

(36) Am. Jour. of Surg. Dec. 1924 



of spinal anaesthesia, without evidence· of injury to the 

cord." 

(5) Paraplegia. Most surgeons, if not all, would 
rather see their patient die on the table than face him 
paralytic afterwards. Such cases are not unknown. If due 
to spinal anaesthesia at all, only extreme carelessness could 
have been the cause. Damage to the cord is the responsible 
lesion. Mere puncture of the cord is said to do no harm, 
but even for this there is no need, one must keep below 
the level of the cord. The lesion is caused by forcibly 

injecting the anaesthetic into the cord and disrupting it. 
We must be careful not to miss cases of meningeal lesions, 
tabes, transverse myelitis, secondary carcinoma of the 
vertebrae and other rarer lesions . should we be unfortunate 
enough to 11Eet a case of paraplegia following spinal 
anaesthesia. 

IV. Effect on the respiratory System 

Respiratorz embarrasment may be produced in the 
following ways: 

{a) Reflex inhibition of respiration as a result of 
the lumbar puncture. 

{b) By paralysis of the abdominal and intercostal muscles 
(c) By paralysis of the phrenic nerves. This can only 

occur if anaesthesia extends beyond the 5th cervical segment. 
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(d) By interference with the respiratory centre. It 

used to be taught that this ef feet was produced directly by 

the dru.g rising to and anaesthetising the medulla. This view 

has been criticised by Johnson and Henderson ( 37) who were 

unable to paralyse the respiratory centre by direct application 

of the drug. They injected the drug into the 4th ventricle, 

in the floor of which the centre is located, without influenc• 

ing it in the least. By using coloured fluids and noticing 

the staining a.ften,ards, they were able to prove that the 

drug was actually injected into the ventricle. Cotui and 

Standard (38) on the other hani, as a result of similar 

experiments, wer·e of opinion that there was direct 

action of the drug on the centre, after it had reached the 

4th ventricle through the forami.na of Luschka and Magendi. 

Howard Jones claims that the centre becomes poisoned by 

the drug present in the circulation. His a rgu.ments are similar 

to those used in case of the vaso•motor centre, with vmich 

we have dealt. We have peviously pointed out how poor 

oxygenation { which normally stimulates the centre, may under 

certain conditions depress it and lead to total failure of 

respiration. 

2. Pulmonary Complications. Whereas the above refers to 

the immediate and more· or less direct effects of spinal 

(37) Anaes. and Anal. March• April 1932. 
(38) Surg. Gyn. Obs. Sept. 1~2. 
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anaesthesia on the respiratory system., our consideration 

has also to take into account the more remote effects. It was 

hoped by the introcbction of spinal anaesthesia to eliminate 

pulmonary complications altogether. This did not materialise. 

Pulmonary complications are seen after spinal anaesthesia and 

even after local anaesthesia. Some claim a great advantage 

for spinal anaesthesia in this respect. Others state it makes 

no difference to the incidence of pui.monary complications. In 

order to be of value, it is necessary to consider cases 

operated on under exactly similar conditions. The most 

reliable recent report is that of Sise (39) • His figures 

are 1008 spinal and 973 ether. He reports from a clinic 

where for a certain tine ether used to be the routine 

anaesthetic, where as. later spinal be came the routine. 

These cases were operated on by the same surgeons am postw 

operative treatment remained similar. Sise found that in 

the ether cases pulmonary complications amounted to 6. 5 

per cent and in the spinal cases 3.35 per cent. On analysis it 

appeared that pulmonary complications had actually increased, 

if slightly, in lower abdominal operations under spinal 

anaesthesia, namely from 2.3 per cent to 2.5 per cent. 

In upper abdominal operations, however, there was a definite 

improvement in the incidence of pulmonary complications. With 

(39) Anaes. and Anal. Jan~Feb. 1932. 
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ether anaesthesia the figure was 10.7 per cent and with 

spinal anaesthesia 4.2 per cent. 

Pulmonary complications were found in 7, i.e. 3.8% 

of our 182 cases of spinal anaesthesia, with or without 

avertin. All occurred in upper abdominal operations. 

V. SIMPLICITY OF TECHNIQUE 

Neither spinal anaesthesia nor avertin amnesia 

require any elaborate outfit. The technique is simple ani easily 

acquired. If the surgeon administers the spinal himself a few 

minutes are lost, but these are made good by the smooth, 

uninterrupted anaesthesia and absolute relaxation. 

Simplicity of administration should not infer 

inefficient supervision. If spinal patients were half as 

carefully watched as ether ones, many fatalities would be 

avoided. The patient must be attended to by a competent 

anaesthetist, who knows the signs of vaso•motor and 

respiratory failure and of shock, one vho is capable to 

deal with such contingencies promptly and efficiently. 

VI & VII. PLEASANT INDUCTION AND PLEASANT 
RECOVERY 

In this respect it will be difficult to improve on 

the action of avertin. We found it specially useful in child­

ren, nervous women and alcoholics. The patient falls into a 
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a pleasant sleep, even before the rectal injection has been 

completely given. Unconsciousness lasts several h:>urs a~er 

operation. During this time the patient appears somewhat 

restless And may require more attention than after ether. 

Heroin may be given to the ordinary patient without much fear 

of the chest. 

Vomiting is seen much less frequently than after ether. 

One seldom sees severe and repeated vomiting. 

In cases where avertin or some other basal anaesthetic 

is contraindicated, and we wish to give a spinal anaesthetic, 

the mental factor becomes a serious consideration. The 

patient may be so nervous as to make a spinal anaesthetic 

almost impossible. Our practice in such cases is to induce 

with ether and then give the spinal anaesthetic. We generally 

find that it is not necessary to carry on with the ether at 

all once the spinal ha.a been given, or it may be necessary 

merely to pour a few drops on the mask now and then. In all 

not more than 1} - 2 o .. zs will be used, whereas, without 

spinal anaesthesia 12 • 16 ozs may have been required. 
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SECTION II. 

C A S E R E P O R T S 

Explanatory. 

In this section we report on the cases we dealt with. 

For the purpose of the investigation we drew up a special 
epinal anaesthetic scheme. Our report will closely follow 
the lines of this scheme. We shall briefly describe the 

methods of anaesthesia employed and the drugs used. our 

observations on liver functions have been so completely 
reported on in the previous section, that we propose not to 

deal with the liver in this section again. 

As our number of cases is so small, we have considered 
it helpful to make use of some additional material under two 

headings, namely, mortality snd blood pressure. The cases are 
all from the same clinic. For mortality consideration they 
consist of 536 cases operated on by Mr Basil Hughes under 

spinal anaesthesia. For blood pressure consideration Dr. 

R.Hanson, the honorary anaesthetist to Mr Hughes' unit at the 
Bradford Royal Infirmary, bas kindly suppYed me with 

blood pressure records of an additional number of cases. 

Our report, therefore, deals with the following cases: 
128 operated on mostly by Mr.Basil Hughes at Bradford Royal 
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Infirlll&ry. I assisted at all the operations and gave 

the anaesthetic for some. 

54 at the Seaman's Hospital, Tilbury, most of them 

being both anaesthetised and operated on by myself. 

This makes a total of 182 for full report. 

74 at Bradford for blood pressure considerations. 

536 at Bradford for mortality considerations. 

Through the contingencies of the operating theatre 

and the ward, every detail was not recorded in a 11 cases. 

We stipulate, therefore, where necessary, under the different 

headings in how many cases any particular observation 

had b een made. 

APPARATUS 

Barker's and Pitkin1s needles have been used. The 

Pi~kin needle has a smaller bore ( 20-22 gauge) and a shorter 

bevel (45°) than Barker's needle. Three advantages accrue 

from these features. 

(a) The simll puncture made in the meninges prevents 

the escape of the anaesthetic drug on withdrawal of the 

needle. In the days when large bore needles were in use such 

escape was a frequent cause of unsatisfactory anaesthesia. 

It also prevents seepage of cerebro-spinal fluid which is 

recognised as one of the causes of headache after spinal 

anaesthesia. 
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(b) The shorter bevel prevents any of the anaesthetic 

fluid being injected into the tissues, an accident which 

sometimes happens, when only part of a long bevel has 

penetrated the arachnoid mater. 

(c) The short bevelled needle, being relatively blunt, 

gives a very obvious sensation to the finger on piercing 

the dura mater. Not only can its passage through the dura 

be felt, it can be heard. 

This last we consider as the most important advantage. 

One knows exactly where the needle point is and need have no 

fear of damaging the nerve roots. In order to save the 

point of the needle and to simplify penetration we found it 

useful first to pierce the skin over the site of puncture 

with an ordinary cutting needle. 

With a Barker's needle a record syr:tnge is used, 

( 3 cc. for stovaine and spinocain and 20 cc. for percaine) 

with Pitkin•s a Luer-Lock syringe. The latter is fitted 

with a screw catch which grasps the needle and prevents 1 t from 

becoming detached from the syringe. 

HYDROSTATICS AND SPINAL ANAESTHESIA 

Before discussing the individual drug it is useful to 

remind ourselves of how the physical quality of a drug may 

influence us in adopting a particular method of administration. 

The specific gravity of the cerebro -spinal fluid is 

1.005 - 1.008. 
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Solutions used in spinal anaesthesia. are either hyper .. 

ba~ic, iso-bar ic or hypo-bar,ic as their sp. gr. is more than 

equal to or less than that of the cerebro-spinal fluid. 

The specific gravity of the solution will, to a certain extent, 

determine its mode of administration. 

The following methods are used or have been used. 

1. Direct. An iso~baric solution is injected opposite 

the re rve roots that ere to be anaesthetised. This method is 

dangerous and has been discarded. 

2. Gravitational diffusion. An hypo•baric solution 

will rise; an hyper-baric one will sink in cerebro-spinal 

fluid. The level of anaesthesia is thus determined to a 

certain extent by tilting the anaesthetic table up - or 

downwards as the case may be. Other factors, however, come 

into play. One has to reckon with the curvatures of the 

spine and with the tendency ofsolutions of different specific 

gravity to equalize.their specific gravities, when mixed. 

There is a fair difference between the specific gravity of 

cerebro-spinal fluid and t~at of the hyper-baric solutions in 

use. Such solutions will, therefore, diffuse towards the 

lowest point of the canal to a considerable extent. The hypo .. 

baria solutions in common use are relatively only slightly 

"lighter" then cerebro-spinal fluid. They, therefore, do not 

diffuse so readily toviards the highest point of the spinal 

canal. The difference in quantity between the cerebro~spinal 



fluid and the anaesthetic solution wi 11 a.ls o determine the rate 

of diffusion. 

3. Barbotage or mixing the dose in the syringe with 

spinal fluid and the repeated withdrawal ani re .. injection of 

fluid. This is usually completed by gravitational diffusion. 

4. Filling the lower part of the subaracbnoid space with 

a large quantity of the anaesthetic solution and displacing the 

cerebrospinal fluid to a point above the required level of 

anaesthesia (Howard Jones) 

5. Displacing the cerebrospinal fluid from the caudal 

end of the canal by means of oxygen, then injecting an hypo" 

baric solution which will float on the remaining column of cerebro• 

spinal fluid (Kirschner•s Spinal Zone Anaesthesia). To achieve 

this result the patient must not be moved from the Trendelenburg 

position. Anaesthesia is obtained in the zone supplied by those 

nerve roots which are placed between the oxygen and the cerebro­

spinal fluid and bathed in the anaesthetic solution. 

We have used methods (2) and (3) only. 

Drugs, preliminary medication, treatment, technique Stova1ne 

(Benzol-ethyl~dimethyl-aminopropinol hydrochloride) Ampoules 

contain 5% stovain, i.e. 1 grm. and 5% glucose in 2 ccs. This was 

used at Bradford. At Tilbury 10% Stovaine in saline was used. The 

specific gravity of either is more than that of the cerebrospinal 

fluid. 
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The patient is examined on the day previous to the 

operation. If the blood pressure is less than 110 m.m. of 

mercury Ephedrin gr.! is given subcutaneously 20 minutes before 

operation. If tbe blood pressure :is more than 110 ephedrin gr 

i is given at the same interval. 

Morphia gr i is gi vBn to men hypodermically and gr 1/6 

to women half an hour before the spinal is due to be 

administered. This is usually avoided wren avertin is used. 

Before the patient leaves the ward his legs are bandaged with 

elastic bandages, the legs being elevated before the application 

is begun at the feet. This is an attempt to mlnimise the fall of 

blood pressure due to stagnation in the muscles and veins of the 

lower limbs. 

Position. The patient lies on the anaesthetic table, 

which must be flat, with an adjustable head piece, in the left 

(or right) lateral position. The legs are drawn up towards the 

chest and the head bent forward, thus opening up the interverte• 

bral spaces and making the puncture easy. The sitting posture 

makes the puncture easier still ensuring both wide interspaces 

and a straight spine. We deprecate this , because we believe that 

it leads to additional cerebral anaemia, especially in those 

patients who suffer from "lumbar puncture shock" • . With due 

attention to the}Position of the shoulders and hips there will 

be no rotation of the spine in the lateral position. The skin 

of the back is prepared in the ward at the same time as the 

site for operation. 
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Anaesthetising the skin is do 111e w 1th l or 1~ solution 
of novocain with adrenalin . An intradermal wb,el is first 
raised, using the finest of hypodermic needles . Following 
this the subcutaneous tissues arrl the interspinous ligament 
are anaesthetised. We pay special attention t.o this detail, 
because lumbar puncture without proper anaesthesia,ia a 
very unpleasant experience for the patient, w~n not under 
avertin. Our £xperience is that a great deal of lay hostility 
to spinal anaesthesia has its origin in painful lumbar 
punctures. Half a dozen insertions of a spinal needle, through 
an unanaesthetised back, to be followed by failure airl. general 
anaesthesia , are sufficient to make anybody lose faith in this 
cruel method of allaying pain. By adopting the above procedure 
we find that our lumbar punctures are absolutely painless. We 
attribute the complete absence of lumbar puncture shock in our 
cases to proper local l'naesthesia am to the fact that we 

invariably warn our patient before inserting the hypodermic 
needle. Moreover, when there is good anaesthesia the patient 
reli-xes his sacrospinalis muscles . This allows of pl1')p er 
dorsal arching of the spine and ensures an easy punc tuwe 
We give a local anaesthetic even in cases under the influence 
of a vertin , because the sense of pain is not abolished w1 th 
the basal anaesthetic dose of avertin. 

It may seem superfluous to expand on such a detail , but 
in spinal anaesthesia, as in so many other ' things , 



the strictest attention to detail comes secom only to the 

proper knowledge arxl application of important principles in 

de«iding between success and failure~ Al.so our depressing 

experiences in different English an:i continental clinics prompt 

us to emphasize this point. 

Blood, is of ten seen to well from the spina 1 needle• 

Its significance is. seldom appreciated, judging by the very 

inadequate reference to it in text books on anaesthesia. 

In order to get a clear conception of the origin of this 

blood, we have to remind ourselve 3 of the venous drainage 

of the ~rts involved. 

(a} The external vertebral venous plexuses (anterior 

and posterior ( 40) drain the extennal parts of tre vertebrae 

and the surrounding soft tissues. They communicate freely 

with the internal plexuses. Two parallel branches of the 

posterior plexus proceed dorsally, one along each side of every 

vertebral spine. As the needle passes through the centre of 

the fibrous interspinous ligament, there is vecy little 

chance of puncturing these. 

(b) The internal vertebral venous plexuses (anterior 

and posterior) lie external to the du.ra mater. Each consists 

of two parallel longitudinal veins joined by communicating 

branches. There its also free co mmunication between the two 

plexuses. The veins oI'. the anterior plexus are the larger and 

(4). Grayts Anatomy p. 684 
Quain's Anatomy vol III. pt. 1. pp. 63 and 335 



they receive large branches~ basi-vertebral veins~ from the 

posterior surface of the bodies of the vertebrae. The basi­

vertibral veins remain permanently open like the diiploic veins. 

(c) Some of the veins of the piameter are continued 

down between the :J_ayers of · the pia which cove rs the f ilum 

terminale. 

When the needle is inserted the first likely vein 

from which blood may 1:;>e drawn is a. communicating branch of 

the posterior internal plexus. This blood is blue and it 

appears before a.n.y cerebro-spinal fluid is seen. All that is 

required is to push the needle boldly forward. It will pierce 

the dura arrl. bleeding will cease. A few drops of blood 

remaining in the needle will tinge the first flow of cere-spinal 

fluid. As soon as the fluid runs clear the injection is made. 

It is extremely unlikely that the veins of the pis.mater 

will suffer damage. They are very small opposite the site of 

puncture and will slip away befor~ the needle point. 

If the needle is pushed right through the canal 

its point may enter one of the veins of the anterior intemal 

plexus. Using e. long bevelled needle and not feeling it 

slip through the dura, this may possibly happen. There follows a 

free flow of dark venous blood. If the anaesthetic drug is 

now injected it will be a.n intravenous injectlon and i:nnediate 

collapse and probably death will follow. On w:t thdrawing the 
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Vertebral _body and venoud plexuses (modified after Gray) with 
the spinal needle in a "dangerous" position. The point and part 
or the bevel have ente :red a communicating branch of t~ Anterior 
Internal Plexus of veins, While part of the bevel has remained in 
the subarachnoid space. A mixture of blood and cerebro-spinal 
fluid escapes under such circumstances. 
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needle slightly blood tinged cerebrospinal fluid will again be 

obtained. 

There is another possibility. The books entirely dis• 

regard this. When giving an intravenous injection into the 

forearm eireryone must at times have noticed that the drug would 
freely flow into the vein , and at the sare time, form a small 

collection under the skin. The explanation is obvious . A long 
bevelled needle was used, the point and part of the bevel were 
pushed into the vein while part of the bevel remained aubcutaneous. 
Some of the drug will therefore , escape u:rx:ler the skin. Similarly 
the opening of the spinal needle may be partly in the vein and 
partly in the subarachnoid cavity. The pressure of the cerebro• 
spinal fluid is more or less equal to that of the venous blood. 
A mixture of blood and fluid will be obtained. Can we recognize 
this? The cerebro- spinal fluid will not be tinged as we have 

previously seen and the colour of the flow will not be dark like 

that of venous blood . There will be a flow of a red mixture , 
resembling very watery arterial blood . We could tot have punctured 
any arteries . The only explanation is that we have a mixture of 
venous blood and cerebro- spinal fluid . The intensity of the colour 
will depend on the proportion of blood in the mixture• Should an 
injection be made under these circumstances , pl rt of the drug 

will enter the vein and a&1in the consequences may be disastrous . 
That this is not merely a theoretical possibility, will be confirn:ed 
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by any who has had experience of lumbar punctures. 

The practical point is never to make an injection until 

there is a clear flow of cerebro-spinal fluid• 

The site of punctlr e varies to some extent with the 

nature of the oper•ation. For upper a bdomina 1 operations, 

the space between L2 and L3 is generally selected. Immediately 

the fluid is injected the patient is turned on his back. The 

head and knees a re raised, so that diffusion of the agent may 

be limited to the required section of the cord. In the case of 

an upper abdominal operation, e.g. gastro-enterostomy, one 

pillow is placed under the hlttocks to aid the upward diffusion 

of the heavy stovain. When an adjustable table is used slight 

downward sloping towards the dorsal spine ensures a similar 

effect. The bead and shoulders are always tilted upwards. 

The patient is kept in this position for five minutes,wben 

anaesthesia is complete and, as the drug is then fixed, ( some 

people prefer to wait 10 minutes) he may be placed in any 

position desired. 

On return to the ward it is be st to keep the patient 

flat for 24 hours, or even raise the foot of the bed. This 

counteracts cerebral anaemia and the low pressure type of 

headache. Where Fowler's position is desirable, it is better 

to wait 1-! to 2 hours after the operation. By this time blood 

pressure is well restored, and syncope need not be feared. 

Fluids by mouth are immediately allowed, if not contra" 

indicated by the type of operation. A desire for solid food 



and the newspaper is not infrequently expressed by patients on 

retum to t he ward. 

SPINOCAINE. Solution A to be used for local infiltration of 

the skin contains: 

Ephedrin hydrochloride gr i 
Novocain 1% ad cc. i. 

Solution B for spinal injection contains: 

Novocain 200 mgs 

'strych. Sulph. 2.2 mgs 

Alcohol 

Gliadin 

Distilled water to 2 
cc 

The specific gravity is less than that of cerebro-spinal 

:fluid. 

The prel imina.ry medic.a tion, treatment and technique are 

the same as for stovaine , with the following exceptions: 

{a) Bandages are not required as the fall of blood 
pressure is not so great 

(b) No preliminary ephedrin is given on the waro.. 
This is given in solution A. 

( c) As soon as the injection has been made, the patient 
is turned over on to his face, with the head 
anteflo>~ed at a lower level than the body. 
This position is maintained for 2 or 3 minutes 
during which time the posterior roots are soaked. 
If the operation is to be a unilateral one, e.g. for 
inguinal hernia, we keep the patient in the lateral 
position. Anaesthesia is found to be more intense 
on the upperrr~st side. He is then turned on to his 



back for a further 5 to 8 minutes, w1 th head still lower 
than the body, when anaesthesia is complete. The lowered 
position of tbe head limits upwards diffusion. Turning the 
patient on to his face first ensures a higher and more 
intense anaesthesia. 

We have not used a tiltometer as recommended by 

Pitkin. On;I.y in 3 cases have 3 cc of sp:1,nocai.n for higher 

abdominal. incisions been given. The results were less 

sati sfaetory than with Stovaine. 

Pereaine ( sold in South Africa as Nupercaine) 

is the hydrochloride of a butyloxycinchoninic acid diethylethy• 

lenediamide. It is a derivative of quinoline end does not 

belong to the cocaine group. It possesses two outstaniing 

advantaEJ'S over other analgesic drugs: 

1. It is extremely potent being 20 times more effective 

than novocaine. On this account it can be used in very dilute 

solution whereby toxicity is enormously diminished. 

2. Its effect is more lasting than that of any of the 

known analgesic drugs. A 1 :1500 solution w111 g1 ve g·ood 

surgical enaest-hes 1a for 3 hours am freedom from post ... 

operative pain for 3 to 7 hours more. 

By the introduction of percain several of the objections 

to spinal anaesthesia have been overcome. Its relative non• 

toxicity ensures that the vas o-motor aid respiratory centres 

will not be unduly depressed. 



The duration of anaesthesia which has hitherto been a 

serious drawback of spinal anaesthesia, can now be arranged to 

suit the operation. More dilute solutions and smaller quantities 

s:an be used for short operations. 

Dissolved in .5% saline the solution is hypo•baric. 

Specific gravity of 1:1500 solution is 1.003. The patient can, 

therefore, be placed in the Trendelenberg position right from 

the start. This ensures a very much better blood supply to the 

brain guarding against serious complications. 

Its action is regular and reliable. 

It is almost non-irritating to the tissues. 

Preliminary medication, treatment and technique 

Ephedrin. gr.!• l! is given intramuscularly 

immediately before the spinal injection. 

Dosage. Maximum dose for tissue infiltration is 200 milli~ 

grammes. In spinal anaesthesia. one very seldom, if ever, need 

use more than 12 m.g. Toxicity therefore, is extremely low. 

Solutions in most common use are 1:200 (1-2 cc), 1: 1500 and 1 

1;2000. The latter two are given in amounts of 6 to 20 cc. As 

a rule .9% saline is used to make up the 1:200 solution and 

.5% for the other two. 

Fairlie ( 41) finds that 14 cc gives satisfactory 

anaesthesia for upper abdominal operations. Howard Jones calcul&ffi 
the dose by the length of vertebral column between the 7th 

cervical spine and the intercristal line. The measurement is made 

C41.) · Br Jour. of Anaes. July 1932. 
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in inches and from this figure 4 is subtracted in the case 
of men and 6 in the case of women. Thus he obtains a figure 
which gives the dose in ccs <:£ the 1;1500 solution. 
It generally works out at 16 to 18 ccs. I agree with FaJ. rlie 
that this dose is unnecessarily large. I have not found it 
necessary to use more than 15 ccs. Measuring the spine 
certainly is useful, for it gives one a rough idea of vmat the 
length is of the column of cerebro-spinal fluid vbich has to 
be displaced. 

The Injection. The subdural space is treated exactly as 
ordinary tissues. The patient lies in the lateral position. 
The needle is inserted in the second or third lumbar space and 
not more than a few drops of cerebro-spinal fluid are allowed 
to escape. The percain solution, contained in a 20 cc. record 
syringe, is injected slowly. One should take 1 - 2 minutes to 
complete the injection, so that the brain can accommodate itself 
to the increased pressure. It is also as well to delay a few 
aeconds before withdrawing the spinal needle. This will minimize 
the escape of fluid through the dural puncture, which may be 
expected, after such an increase of pressure into the spinal 
canal. 

Position. The patient is now turned into the ventral 
decubitus for 5 minutes and the foot of the table is raised 
about 6 inches. This allows the posterior roots to be thoroughly 
soaked. If it is not done anaesthesia will be incomplete on 



account of the "lightness" of the drug compared with the 

cerebro-spinal fluid. The patient's face is turned sideways 

so that there results a definite downward slope from the 

dorsal curvature of the spine to the cervical region. By 

adopting this position the hypo- baric solution reaches to a 

point above the 5th dorsal segment which is necessary for good 

splanchnic anaesthesia, but remains well below the origin of the 

phrenic roots . 

Trendelenburg Position. Five minutes later ( occasion­

ally l onger if it is feared that anaesthesia will not extend 

high enough) the patient is turned on to his back and the table 

is tilted into a slight Trendelenburg position. This is main• 

taine_d throughout the operation. It ensures the brain of a good 

blood supply in addition to checking higher extension of 

anaesthesia. The tilt should not be an exaggerated one, for 

t~en the pressure of the abdominal viscera will interfere with 

the excursions of the diaphragm and further complicate the 

difficulties of respiration. In certain operations ( e . g. 

cholecystectomy) this position is awkward, but good rel axation 

more than compensates for it. 

Care must be exercised in moving the patient from this 

position. Sudden elevation of the head may cause syncope. On 

return to the ward the foot of the bed is raised and only one 

pillow given. 
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Avertin. (tri ~brom- ethyl alcohol) 

Dosage: o.oa to 0.1 grm. per kilogram of body weight 

disEO lved at 35-40°0 in distilled water to make a 3?b · 

solution. This dose is intended to give basal anaesthesia. 

We l!!ave no experience of larger doses ( 0.12 or even o.15 grm.) 

whereby general narcosis is obtained. 

Effects of overheating the solution. Hydrobromic acid is 

split off and dibromacetaldehyde is formed. This causes 

severe irritation of the rectal mucous membrane. 

The adoption of fluid for solid avertin has brought into 

the technique a drug, amylene hydrate, which has a stimulating 

effect on the respiratory centre and is therefore valuable. 

Testing the solution. It is essential that this should 

be done before every case. Two drops of cango red are added 

to 5 cc of the solution. In the presence of hydrobromic acid, 

a blue colour appears. 

Preliminary medication, technique etc. 

No morphia or omne pon is given when used in conjunction 

with spinal anaesthesia owing to the depressant action on the 

respiratory centre. A soap and water enema is given on the 

previous night and a simple water lavage on the morning of 

the operation. The avertin is given 15 ~ 20 minutes before the 

patient leaves the ward for the theatre. In administering the 

solution which should be freshly p-epared, the patient is 

placed in the Sim's position and the solution run into the 



rectum thro~~h funnel, tube and catheter. The vhole process is 
completed in 5 minutes, when the catheter is clamped and left 
in the rectum. Ashworth (42) considers it better to take at 
least 10 minutes for the injection. He claims more constant 
results. We see no special advanta~ in this. Our resulis have 
invariably been constant. 

In 3 to 10 minutes J from starting the injection the 
patient has forgotten all about his surroundings and remembers 
nothing further until he regains consciousness 5 to 7 hours 
afterwarti.s. On return to the ward a rectal washout is given 
and the catheter removed. 

(1) Amount of Anaesthetic solution used. Level of 
Introduction. Level of Anaesthesia. 

(Amongst these cases none received percain) 
Spinocain. In most cases 2 cc were given. Three patients had 
3 cc. Others had 1} and 1 cc. 

Stovain. 1 - 2 cc of 5% and 0.5 - 1 cc of 10% solution. 
The smaller dose was given for a lower abdominal operation e.g. 
appendicectomy, whereas the larger was given for an upper 
abdominal one. The amount is determined by the site of t~e 
operation, and to a degree, by the size of the patient, a tall 
man, requiring more than a small female. 

The usual site of introduction was between L2 and L3 for 
the upper abdominal operations and between L3 and L4 for the 



lower ones. In a few cases the space between Ll ani L2 was 

used. The site of introduction has a definite influence on the 

height of anaesthesia, but, at the same time, a lower puncture 

can be partly compensated for by increased tilting. 

(2) Additional Agents. Following the above procedure 

the level of anaesthesia as a rule was satisfactory. Amongst 

our spinocain cases 4 received ether in addition. Two of these 

were extremely nervous and the other two were complete failures. 

Of the stovain cases two required ether for the stitching 

up, the abdominal mus c1es becoming rigid, 48 and 60 minutes 

respectively after induction. In the first case it is possible 

that some of the dr~ may have been injected extrathecally. 

The average duration of full anaesthesia is well over an hour. 

When however, a long operation was anticipated it was 

necessary to supplement the spinal anaesthes.ia. (We have pointed 

out that with percain this is unnecessary). For this purpose 

a splanchnic injection was made. It was given immediately 

after the abdomen had been opened and a thorGugh investigation 

made. With the forefinger and thumb of the left hand the 

pulsations of the coeliac axis are felt and the splanchnic 
needle inserted immediately abe,:ve, while the left forefinger 

guides :lts point between the aorta ani the inferior vena cava, 
Before the injection and once or twice during the procedure the 

piston of the syringe is withdrawn to make sure that the needle 

has not entered a blood vessel. 50-70 cc of}% novocain (without 

adrenalin) are injected. 
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(3) Previous Medication. Most of these details are 

to be found under the headings of the different drugs . We , 

therefore , merely give a general outline of the scheme we 

followed. When avertin and spinal are combined no morphia is 

given. There is no real need for it; it adds to the respiratory 

depression. When spinal alone is given or when avertin and 

nitrous oxide are combined morphia is given. In very apprehensive 

people morphia and scopolomine are both given. Much, however , 

depends on the type of patient , so that strict rules cannot always 
be followed. A powerful young man tan be g1 ven morphia with 

a combination of avertin and spinal; whereas morphia ought never 
to be given in a feeble person , even if avertin and gas are 

combined . This is especially so if there is any respiratory 

trouble . In such cases morphia is best avoided also when spinal 

anaesthesia is given alone without avertin. Nembutal is to be 

preferred. It does not interfere with the cough reflex when given 

in moderate doses (l! grs . ) 

Ephedrin. Vaso - tonic treatment is of as great importance 

as sedative pre- medication. We have used both Caffein and Ephedrin 

The former has probably no effect at all on the blood pressure . 
It was soon discarded. Ephedrin , on the other hand, is of real 

value. In 20 stovaine cases, watched from this point of view, 

Ephedrin was given in 10 and withheld in 10 . The dose never 

exceeded l gr. In those that had no ephedrin the blood pressure 
fell on anr average 40 m. m. of mercury, whereas in those that had 



ephedrin the average fall was 33 mm of mercury. This is in 

accordance with many views expressed. The action of ephedrin is 

analogous to that of adrenalin. Its effect, however) is less 

powerful, although more prolonged. It causes a rise of blood 

pressure lasting 1} • 2 hours . It is best to anticipate a fall 

and give the drug before the fall occurs . Our practice is to give 

tor} gr intramuscularly immediately before the patient is 

taken to the operating theatre. (Many anaesthetists giwe it just 

after the spinal injection) . Following the advjc e of Pitkin ( 43) 

we have also give it on the day before the operation. If a 

petient ' s blood pressure , is found to be under 120 mm of mercury 

we give him t gr . ephedrin on tbe day before arrl ! gr . 

immediately before the operation. Our numbers are too small to 

draw any conclusions as to the value of this practice . 

Adrenalin is used for the same purpose . Evans highly 

commends it. We have used it only during the operation, when 

there was excessive fall of blood pressure . 

(4) Alteration in Pulse Rate . There was an average 

increase of 12 . 9 beats ~r minute in spinocain cases and 9 in 

those who had Stovaine . The comparison was made between the 

average rate on the day before the operation, when the nervous 

(43) Am. Jour. of Surgery. Dec . 1928 and other articles . 
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element was still in abeyance, and the rate registered on 

return of the patient to the ward, after the operation. The 

maximum increase of pulse rate was 44 beats P' r minute. 

(5) T~mperature Changes. These were registered like . the 

pulse changes• 0 There was an average fall of 0.28 F. 

(6) Blood Pressure changes were recorded in 58 cases 

of Spinocain and 58 cases of Stovaine. The latter mostly 

had avertin as well. The norI1lil is taken as the pressure 

recorded on the day before operation and comparisons made 

with that figure. 

During Operation. 

Spinocain. In one case the blood pressure rose 2 m.m. 

of mercury. In all other cases there was a fall. The maximum 

was 50 m.m. of mercury. The average was 15 m.m. of mercury. 

Stovaine and Avertin , except for one case, where the pressure 

remained constant, there was a fall in pressure averaging 

41 m.m. of mercury. There appears to be no great.er drop when 

avertin and Stovaine are combined, than when Stovaine is 

given alone. Our figures, however, are not enough to be 

conclusive. The biggest drop, 116 m.m. of mercury, occurred 

in a case whose blood pressure before operation was 196• 

In a case, whose pre-operative pressure was 216, the drop was 

60 m.m. of mercury. The lowest pre-operative pressure recorded 

was 108 m.m. of ~rcury. 
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After Operation. Pressure readings taken at various 

times after operation indicated a fairly rapid recovery. 

But the normal was not reached, for several h:>urs. In the case 

of the 210 pressure the fall of 60 was followed by a rise 

of 90 in a few hours. 

Additional Comments. We have previously discussed 

the effects of spinal anaesthesia on blocxi pressure. In 

considering the above case reports some additional remarks 

are called for. 

We note that the fall of blood pressure which 

occurs after spinocain is not nearly so marked as that after 

Stovain. This may be accounted for by several factors: 

(a) In our case spinocain was used for operations below 

the umbilicus, whereas Stovain~was chiefly used for operations 

above the umbilicus. This meant a greater sympathetic nerve 

paralysis, 

(b) Spinocain is combined with Gliadin.This makes 

absorption more gradual. Stovaine is a more toxic drug. It is 

difficult to know how much these factJrs influence the blood 

pressure. 

The maximum fall of pressure occurs as a rule 15~20 

minutes after the injection of the drug (later with percaine). 

This fall may become more marked as the operation progresses, in 

which case treatment should not be delayed. We have generally 

found ephedrin gr. t sufficient, although many hold that 

ephedrin is only of use before the operation and 



that a second dose is useless. When the fall occurs very 

rapidly and indicates collapse, other nethods mu.st be adopted. 

The only alarming fall of which we had experience, was where 

a drop of 116 occurred in a patient vmose normal pressure 

was 196 m.m. of mercury. Adrenalin was given intravenously. 

The patient's condition recovered at once. She left the 

hospital alive and well. 

Treatment of severe fall of blood pressure. 

(1) Trendelenburg position. If a hypo"baric solution 

is used, the patient will already be in this position. It 

may be sli~tly increased. If a hyper-baric solution is 

used no fear need be felt lest the anaesthetic runs up to 

the nedulla, for by the time a severe fall of blood pressure 

occurs the drug will be "fixed". This position must, there• 

fore, be a:J.opted as soon as possible. 

(11) Oxygen and Carbon dioxide. Either of these gasses 

may be used, but a combination is 'ootter. A severe fall 

is often dle to anoxaemia. Oxygen is, therefore, indicated. 

Carbon dioxide, on the other hand, is a strong respiratory 

stimulant. Should no carbon dioxide be available the patient 

can be made to rebreathe his own carbon dioxide, while oxygen 

is freely administered through a nasal tube or by some other 

convenient method. If a nitrous oxide apparatus is used 

this is a simple matter. 



(111) Adrenalineis our standby in extreme cases. Given in" 

travenously, as it should be in such bad cases, it works magic. 

A pulseless patient can be restored to n good condition" within 

seconds. We have used the ordinary 1:1000 solution giving 

M 3 M 5 but the roo thod of tr e.nsfus ing with a s al ine•adrebal ine 

solution ( ' adrenaline M 1. to 100 c.c. normal saline) is 

better. Just enough of the solution is run in to restore the 

Jll'essure. This naturally presupposes thet the apparatus and 

solution are by the side of the anaesthetist for immediate 

use. Subcutaneous injection is useless. It takes too long for 

the drug to reach the circulation in such a depressed condition. 

The action of adrenaline is analogous to that of the 

sympathetic nervous system. It acts on the same structures. 

Its site of action appears to be an hypothetical myo~neural 

substance, or junction material, between the nerve endings 

and the organ of supply. It does not act on the nerve endings 

themselves, for it will still act even after the sympathetic 

nerves 11!ave been divided and al lowed to degenerate. Although 

it is by no means certain that the capillaries are innervated 

by the s~pathetic nervous system there is some evidence that 

adrenaline constricts the capill&ries as well as the arterioles. 

According to Wright ( 44) the capillaries can resist greater 

force tending to distend them if they have first been constricted 

(44) Appl ied Physiology. p. 312. 



by adrenaline. (Perhaps it is partly on this account that ephedrin 

is more valuable when given before the blood pressure falls). 

From the point of view of spinal anaesthesia the important 

effects of adrenaline are (a) Acceleration of the heart beat and 

increased force of the beat bf stimulation1the junctions of the 

cardio- augmentor nerve fibres. 

(b) Constriction of the arterioles of the skin. 

(c) Constr.l ertion of the arterioles of the splanchnic 

area. 

By const rte ting the arterioles the peripheral resistance 

is raised, pressure rises and the basal centres are better 

supplied by blood. 

A comforting factor in spinal anaesthesia is the 

knowledge that the v.orst trouble will be over after 15~20 

minutes. In long operations we may proceed with confidence once 

this mark is passed., knowing that the blood pressure will 

gradually rise as the effect of the drug diminishes. In ether 

the blood pressure is afff ected in the reverse way. First there 

is a slight rise to be followed by a gradual fall of pressure. 

In long operations this fall may becone pronounced towards the 

f3nd 1 when the patient can 111 afford it. What is worse , the 

tendency to fall may continue for some tim after the conclusion 

of the pperation. In the first case one works away from. the 

danger, in the second towards it• 

• 



(7) Effects noted during the Operation. .. 
Pallor occurred in 39% of spinocain and in 57% of 

Stovaine cases. 

Nausea. occurred in 20% of spinoca.in and in 17% of 

Stova.ine cases. 

Vomiting occurred in 3.6% in spinocain and in 7% of 

Stovaine cases. 

~weating occurred in 25% of spinocain and in 37% 

of Stovaine cases. 

Causes and treatment of Nausea and Vomiting, 

{a) Cerebral anaemia, Frequent deep breaths and keeping 

the head low brings speedy relief as a. rule. 

(b} "Psychic nause!' is due to insuffic lent pre-operative 

sedative treatment and usually occurs in patients who had no 

morphia. 

( c) Reflex vomiting is produced by packing the upper 

abdomen and manipulations of the stoma.ch. To prevent this 

Hewer (45) a.nd Norman Lake (46) recommend the injection 

of a few ccs of local anaesthetic into the lower end of the 

oesophagas• This blocks the afferent impulses from the s tome.ch• 

(8} Early after effects. 

Headache, was noted in 22% of our cases. All but 2 

(45) Ana.es. and Anal. Jan-Feb 1932, 
(46) B.M.A, Centenary Meeting. Sec of Anaesthetics. 1932. 
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were mild and responded to aspirin or veramon. In one patient 

the pain started on the third day nnd lasted for a week. In 

another case there was rather severe pain in the neck. Both 

these cases fall under the class, non-infective or irritative 

meningitis, to which we have referred. 

Backache occurred in 26% of cases, but the report was 

usually made in response to a direct question ( as in the 

case of headache). One would probably find an equally high 

percentage after other types of anaesthesia.. In two cases., 

however, there was severe lumbar backache. 

Causes of Backache. 

(a) Trauma by the needle. We have often noticed that 

when it was difficult to insert the needle in one inter-space 

it would slip in easily at another. We have ma.de it our 

practice not to traumatise the tissues by J:e rs is ting in one 

space, but ratrer to anaesthetise over a second and insert 

the needle there. 

(b) Extrathecal injection and seepage of cerebro•spinal 

fluid are said to be causes. 

Eomi ting_ occurred in about 50% of our cases. It was 

very seldom of severe character. In 20% only was it repeated 

more than once. Tllnis is an improvement on general anaesthesia, 

but not such a. striking one as others report. 
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Retention of urine occurred in 8 cases out of 82 

observed. As this has been mentioned a drawback of Spinal 

anaesthesia we specify the cases in whom it occurred: 

Cystoscopy Cholecystectomy 

Dilatation an:l c\Jrettage 

Herniotomy 

Colpo-perineorrhaphy 

Cholecystectomy 

Ovariotomy and Herniotomy 

Partial gastrectomy 

Ju6.ging by these cases and the fact that all cleared up 

in a few days, most requiring only one catheterisation, we 

can hardly call retention of urine a special drawback of 

spinal anaesthesia . 

Ik_n!!_ In no case could we blsme the anaesthetic 

for producing intestinal paralysis. Where such cases were 

encountered there always existed some other obvious cause. 

There was no evidence of irrcreased frequency of post - operative 

distension. 

Paralyses were never seen. 

Trophic Ulcers. One of our cases, a well nourished healthy 

young man developed a bed sore over the sacrum on the day 

after an herniotomy was performed . The spinal anaesthesia may 

have been a factor in its production. It is difficult to explain 

how it could have occurred othervlise. 

The above are always mentioned as special complications 

of Spinal Anaesthesia. 



RESPIRATORY COMPLICATIONS 

{a) Embarassment of breathing 

(b) Collapse of Lung 

(c} Broncho-pneumonia 

(d) Bronchitis 

2 cases 

l case 

4 cases 

2 cases 

{ e) Cough without physical signs occur1•ed frequently 

esi:ecially after acute abdominal conditions. 

None of these cases terminated fatally. The case of collapse 

of the lung was treated early with carbon di oxde and oxygen 

inhalations a.nd :made an exceptionally rapid i-•ecovery, with"' 

out the least sign of superaded sepsis• 

LATE AFTER EFFECTS 

We examined 84 of our cases at periods varying from 

4 to 10 months after the anaesthetic with the following 

result: 

(1) Indefinite complaints such as occasional numbness 

weakness or cramp in the legs were obtained in about half a 

dozen cases. 

In two cases there was a definite complaint of para.the 

siae. In both cases this was limited to the lateral sfle 

of the left thigh. Both were gradually improving. We could 

find no sign of organic nerve lesion. We believe the cause 

of the pa.in was · irJJ ury to a nerve root. 
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(ii) There were 3 cases with bladder symptoms. We give 

their details: 

(a) A young zmn had a stone removed- from ~his ureter 

in Jm 1932. Since then he suffered from urgency and frequency 

of micturition. 

{b) A young woman whose abdomen had previously been 

explored with negative result, was given a spinal anaesthetic 

ir. Feb 1932 for cystoscopy, pyelography and ordinary physical 

examination on account of frequency of mfc;turition and dysuria. 

Nothing abnormal was found. Since this examination she suffered 

from incontinence of urine. In view of all the circumstances 

it would be unfair to blame spinal anaesthesia for the 

incontinence in this woman. She is a type of patient who may 

develop incontinence after any form of anaesthesia.. 

{c) A middle aged woman had partial gastrectomy 

performed for carcinoma of the stomach in Feb. 1932• 

In October 1932 she developed incontinence 'or urine. The spinal 

anaesthetic almost certainly has no relation to this. Bo 

ca.use could be found. 

The p:itient 1 s attitude towards the Anaesthetic. To a num~ r of 

these patients we put the question, "If you had to have another 

operation what kind of anaesthetic would you prefer?" Their 

answers can be divided into 3 groups: 



( a) Men practically without exception p:' eferred to have 

spinal · again. 

{b) The majorit-y of women" would rather sleep"• 

( c) Both men and women vvh.o had previous experience of general 

anaesthesia most definitely preferred spinal anaesthesia. 



SECTION III 

(l} The Usefulness of Avertin. 

Since - ·Blomfie ld and Ship way ( 47) published a report 

on 198 cases of Avert in Amnesia the scope and s a.fety of this 

agent has undergone a vast change. In the beginning, when 

the recommended dose was 0.15 grm ~ r kilogram of body weight, 

some fatalities were recorded and nunerous alarmine phenomena, 

chief of which were depression of respiration, anoxaemia and the 

concommitant collapse were noted. With the introduction 

of a smaller dose the administration became absolutely 

safe. To those who consider avertin an amnesic, its use 

will be attended by great success, lnt not to those Who try 

to use it as an anaesthetic. It is a ~trea t mistake to give 

it in such doses, as would induce surgical anaesthesia, 

m. ·thout additional agents. Avertin was never claimed to 

give surgical anaesthes :la in safe doses. It was styled from 

the first as a basal narcotic. 

As with other anaesthetics there is some variation 

in the reaction of different patients to avertin. A dose, which 

will keep one patient on the "lj.ght side" will procure complete 

surgical anaesthesia in another. Why this should happen is not 

always clear. We have noticed that fat v.o:rren seldom rec.p.ire 

(47) Proc. Roy. Soc. of Med. (Sec of Anaes.} Nov. 1929 



more than 0.09 grm per kilogram of body weight , whereas such a 

small dose would be insufficient for an ordinary male. Possibly 

one should take into account the quantity of metabolically 

inert fat. Children on the other hand will stand more; and 

one may err on the bigger side. A dose of 0 . 11 grm per kilogram 

of body weight will not be too much. 

The type of operation has a certain bearing on the dose, 

a long operation requiring a slightly bigger one. 

One of the chief advantages a.vertin na.rc·os is has over 

inhalation narcosis with chloroform or ether is that there is a 

quiet and uneventful period of induction, none of the dread 

at tending . the surroundings of the ope re.ting theatre . The 

patient wakes up 6 or 7 hours afterwards to find that the 

operation is over - a pleasant return to consciousness. In 

many instances loss of memory is retrograde and the pa. tient 

vd.11 not remember the events of the 5 minutes preceding 

unconsciousness . 

Contraindications are few. 

Absolute ones are: 

1. Old people suffering from extreme degrees of thyroid 

deficiency, toxaemia, or uraemic symptoms . 

2. Shock or haemorrhage with excessive fall of blood 

pressure. 



Relative contra~indications. 

1. Very poor lung expan:31on. Bronchitic subjects are 

ideal cases for this type of anaesthesia, but one must qe 

careful in conditions where a large amount of lung tissue has Bil.ll 

been destroyed or put out of action by some means or other. 

Such patients will not stand full doses on account of the 

respiratory depression that follows. 

2. Hepl tic deficiency. Only very f.evere degrees of 

hepatic deficiency will contraindicate tre use of avertin, 

but it is advisable to give smaller doses when liver disease 

is knovm to exist. Smaller doses will probably have good 

effect. Raginsky and Bourne have pointed out tr.at in dogs 

smaller doses produced deep anaesthesia after their livers 

bad been damaged by chloroform. 

3• Cardiac diseases. Avertin is useful in people suffer­

ing from cardiac complaints because it reduces struggling to a 

minimum. But it must be used with care. It depresses the 

heart ' s action and only small c:kaes should be given. 
' 4. Re~al deficiency. About 99% of the drug is excrete~ 

by the kidney. Severe hypofunction of the kidney is there• 
. ' 

fore a contra-indication. In actual practice and experimentally 

however, it has been found that no poisoning symptoms result 

in cases of very obvious renal disease. There is merely a 

moderate extension of the excretion time. Maddox (48) has 

(48) Avertin Rectal Anaesthesia p. 45. 
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given an overdose of avertin to a dog with a blood urea of 

243 mg per cent, without producing any harmful effects. It 

must nevertheless be remembered that operation alone frequently 

suffices to precipitate an attack · of uraemia in such cases. 

It has been our prs.ctice never to give avertin in any 

case of acute or subacute infection. The reason was our fear of 

the parenchymatous changes in the liver and the kidneys so 

frequently associated with infective conditions. I have since 

learnt that avertin is regularly given to such patients 

Wlhthout any hann ever resulting. Shipway ( 49) invariably gives 

it and has never regretted doing so. Maddox does the same. 

This only shows that moderate liver and kidney changes do not 

affect detoxication and excretion of the drug to an extent 

that will cause harmful symptoms. 

5• Diseases of rectum and anus. An ulcerated mucous 

membrane bars the use of avertin on account of the irritation 

that may follow. If there is no ulceration it can be given. 

In such cases we administer it 30 minutes before the operation 

and wash the rectum out with plain water immediately before 

the operation. Anaesthesia is less lasting but still very 

beneficient. 

Anaesthetists(~) warn against the use in cases where a 

rapid fall of blood pressure is to be expected. Hewer (51) 

( 49 ) ,Peraonal .(C~Omniun:tcation._ .. 
(50) Raginsky and Bourn&: Anaes: & Anal. Jan~Feb 1932 
(51) Recent advances in Anaesthesia. p. 34 



especially mentions spinal anaesthesia as such a condition. 

Surgeons, on the other hand, have come to regam this tall of 

blood p·ressure to be or little practical significance. Young 

(52) with a1. experience of over a thousam eases almost 

disregards it now. Theoretically one vould expect a very 

considerable fall when Avertin and spinal a1.aesthesia were 

combined. In actual practice this does not take place. We are 

unable to show f'rom our eases that the combination of avertin 

and stova.1.ne, caused a:ry greater f'all in blood pressure, than 

would have been caused by t h e stovaine alone. We do not know 

what the explanation of this phenomenon is. There is one 

poasible factor which may have a bearing. Avertin does not pro• 

te ct the cen tra 1 nervous sys tem age. inst the noxious s :timuli 

originating in the field of operation nearly so well as other 

anaeathetics. ~!' used1 alone or w1 th ether it is cpite likely 

that a certain degree of prlmry shock would result from the 

operation. This would further decrease the blood pressure. 

When used in conjunction with spinal anaesthesia such a 

.r actor can certailnly be eliminated. 

Indications: Keeping in mind its few contra-indications, 

avertin amnesia offers an extremely wide range of usefulness. 

We do not desire to enumerate them, but rather to point out a 

few which in our experience have be en outstanding. 

(a) Chronic appendicitis. In combination with nitrous 

oxide oxygen, as originally used in OerDBny, we have found it 

very satisfactory. 

(52) Br.Med. Jour. 5th Dec. 1931 
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(b) In major abdominal operations, such as gastro­

enterostomy, partial gastrectomy, resection of bowel etc., 
where the operation is protracted, avertin, combined with spinal 
anaesthesia, is a wonderful help to the patient, relieving the 
mind of all anxiety, while the spinal anaesthetic gives p~fect 
relaxatiop. It has been our practice to give Avertin in all 

such cases. 

{c) In hysterical women and chronic alcoholics Avertin 
is of the greatest usefulness. One does not see the struggling 
on the anaesthetic table so often associated with the first 
stage of ether anaesthesia. 

{d) In children generally we have found it of the utmost 
advantage. 

(e) In major operations above the diaphragm, such as 
mastectomy, we have found it very beneficial. The small amount 
of ether that is necessary to prod~ce surgical anaesthesia is 
surprising. We have referred to Dandy'· s extremely satisfactory 
and encouraging report on 250 brain operations. 

(f) Of greater use, however, thm in any of the above, 
do we consider it in cases of Exophthalmic goitre, where the 
psychic element plays such an important role. In combination 

with local infiltration anaesthesia extremely gratifying results 
are obtained. It does away with the necessity of the great speed 
vd th which it is customary to tackle these cases. It enables the 
surgeon to do a more deliberate dissection with greater care to 
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technique and avoidance of all 1.Lnnecessary trauma. Since the 

introduction of pre - op erative iodine therapy, this method 

of anaesthesia has probably been the greatest advance in the 

surgery of the thyroid gland. It has reduced the death rate 

in the "poor risk" cases of Grave r s disease . 

There is another important factor to be reckoned with 

in this connection . Pribram ( 53) observed that Avertin and 

thyroxine appeared to have antagonistic actions . He gave 2~3 cc 

thyroxine intravenously to patients suf fering from respiratory 

depression after avertin . Response was prompt . Parsons ( 54 ) 

states that thyroxine detoxicates the drug and minimizes the 

risk of toxic s-ymptoms. Patients with a h i gh metabi i c rate 

benefit most from the drug. Conversely, avertin may prove 

harmful in patients with a l ow basal metabolic ra.te _-

Dangers . The likelihood of serious complications is 
' extremely small . One naturally has to select one ' s cases and 

not forget that Avertin is a potent d rug. Measuring of the 

dose and heating of the distilled water must not be left to a 

nurse . The freshly prepared solution Im.1st be tested with 

Congo Red in every case . Apart from these technical considera~ 

tions there is really only one danger , that of respiratory 

emitir l!is sment which if not promptly treated may lead to 

collapse . In such case the patient I s head must be lowered at 

. 
(53) Zentralblatt fur Chirurgie . 14th Dec . 1929 
( 54) Br. Med . Jour . 4th Oct . 1930 



once and oxygen administered, or better still a mixture of 

oxygen and carbon dioxide. In extreme cases l cc. of 

coramine has been highly recommended. There is a tendency for 

· the tongue to fall back and this must be watched for both 

in the theatre and in thewa.rd. The head should be kept low · 

on return to the ward. An injection of Ephedrin gr -i hastens 

recovery. A dis advantage in the use of avert in is that the 

patient is sometimes restless in the theatre and on his return 

to the ward. In the theatre a few drops of ether on the open 

mask are quite sufficient to control restlessness, and heroin 

gr 1/12 may be given safely ~n the ward during the period of 

recovery. Morphia should be withheld on account of its 

depressi.ve effect on the respiratory centre. 

(2) THE USEFULNESS OF SPINAL ANAESTHESIA 

That spinal anaesthesia has an extremely wide field of 

usefulness in operative surge~y')._ below the diaphragm, nay, 

that it is the anaesthetic of choice when combined with a 

basal narcotic, has been our experience in the clinics whence 

this report eminates. There it has been the routine procedure• 

The results have justified its use. We are, however, aware of 

the fact that similar results are claimed for other forms of 

anaesthesia. We, therefore, propose not to discuss the 

general application of spinal anaesthesia but to confine 

ourselves to its special i~dicet1ons~ where we consider 

spinal to be superior to any form of anaesthesia, on condition 



that some of its absolute and well-defined contra-indications 

·are not present simultaneously. In defining these indications, 

we shall almost entirely confine ourselves to the cases reported 

above, but there are a few others, outside our e xperience, 

of which we have to take note• 

INDICATIONS. 

(1) In certain organic visceral diseases where general 
I I 

anaesthesia is contra-indicated and local anaesthesia 

not possible or advisable. 

(a) Lungs. (1) Acute conditions, such as bronehitis and 

pneumonia, associated with a surigcal 

condition that requires immediate op eration. 

(2) Chronic diseases such as bronchitis 

emphysema, bronchiectasis and tuberculosis. 

( If 
I 
however, there is marked deficiency of useful pulmonary 

tisst~, such as one finds in advanced tuberculosis, or 
not 

empyaema, a high spinal must)be giv.en. Such a patient will 

not stand the respire.toryembane.ssment incident on paralysis of 

the intercostal muscles. A low spinal need not be feared.) 

Arterior-sclerosis is considered by 

some to be a contraMindication~ on account of the fall 

of blood pressure and the danger of sudden heart 

failure. Such cases are bad for any type o~ anaesthesia• 

Most observers agree that the great fall of pressure 
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in these cases does not as a rule lead to aerious 

consequences. The fall can be greatly controlled 

if anticipated. Amongst our cases there were 

several with high blood pressures. The results have 

been good. Where there is evidence of heart 

failure in the arterio-sclerotic, e.g. cyanosis, 

swelling of ankles, and a low pulse pressure spinal 

anaesthesia should not be given. 

(c) Liver. Marked liver insufficiency is a strong contra• 

indication for general anaesthesia. Where cholaemia 

has advanced spinal anaesthesia is also contra" 

indicated. Only local should be used . 

( d) Pancreas. Diabetes cases give very excellent results with 

spinal anaesthesila.. 

(Acute pancreatitis is a contra-indication on 

account of the shock present.) 

(e) Kidneys. Cases with renal dys~~nction, as evidenced by 

high blood urea, albumen or casts, do far 

better under spinal than under general anaesthesia. 

A' temporary diminution, or even suspension, of kidne~ 

function is possible on account of the low blood 

pressure, but this ap:p3ars to have no serious 

consequences. The results obtained in prostatic 

surgery with spinal anaesthesia are very good. In 

many of these cases the problem of renal failure is 

the main consideration. 



Caesarean section for eclampsia is a special indication 

that sho'l!llld be mentioned in connection with renal failure. 

( ii) Where extensive operative procedures are carried 

out below tJ:i..e umbilicus. 

Some typical examples are excision of rectum. Wertheimts 

operation and plating of the femur. Spinal anaesthesia is 

responsible for the prevention of a great deal of shock in these 

cases. It need occasion very little fall in blood pressure, 

therefore, causing no harm. The patient is saved a prolonged 

saturation of his tissues ~ by a toxic volatile anaesthetic. 

(iii) 

(a) 

Certain Abdominal emergencies. 

Intestinal Obstruction. The sympathetic nervous 

system exerts en inhibitory influence on the intestine. With 

spinal anaesthesia this inhibition is abolished and active 

peristalsis follows. This brings about the emptying of the dis­

tended coils through an artificial opening or the anus. Nobody 

will dispute the advantage of thus ridding the patient of a · 

collection of toxic intestinal contents. Following relief of 

obstruction in the small bowel intestinal contents are fre" 

quently passed per rectum while the patient is still on the 

table. In large bowel obstruction we have invariably seen large 

quantities of faecal matter discharge through a Paul's tube ,, 
immediately after insertion,without any aid of the hand• 

Russel and Sworn ( 55) have published a ~eries of cases 

( 55) Br.Med. Joura 14th May 1932. 
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where the induction of spinal anaesthesia without operation 

brought relief. Amongst these cases were 3 of spontaneous 

reduction of a strangulated hernia. With due regaro to the 

value of the method in other forms of obstruction, e.g. impacted 

faeces, we cannot convince ourselves of the safety of this pro• 

cedure in cases where incipient gangrene of the bowel cannot be 

excluded. The writers state that they have found no cases 

recorded where the bowel had perforat.ed following similar treat• 

ment. Their argument is not very convincing. 

Norman Lake ( 56) warns that in ve-ry debilitated people 

the rapid evacuation of the bowels and consequ.ent 1~ s of 

fluid may prove fatal. He cites two cases. It appears that both 

were almost moribund before the operation. One feels that this 

disadvantage is amply compensated for by the advantages that 

spinal anaesthesia gives. Moreover, as long as we possess water 

and salt we have a powerful weapon wherewith to fight such 

dehydration. 

A practical point in connection with operations for intes• 

tinal obstruction under spinal anaesthesia is to remember 

that the patient is not free from the risk of aspirating his 

vomitus. He should, therefore, not receive much sedative pre­

medication. It is also safest to leave a small tube, such as 

Jutt's tube, in the stomach after washing it out, so that the 

anaesthetist can aspirate any fluid that collects in the stomach 

(56) B.M.A. Centenary meeting 1932. 



during the operation. 

The usefulness of Spinal Anae.s.thesia in Ileus 

We are using the term "Ile'w" in a wider sense than would 

be indicated by "paralytic ileus 11
• Ile.us occurrring in general 

peritonitis is generally called paralytic ileus. It is 

not uncommonly due to mechanical interference such as f.i.brtnous 

adhesions. Other cases are said to be produced by overaction 

of the s'3Mpathetic nervous system due to toxic absorption 

and irritation. There does not seem to be sufficient foundation 

for this theory. If it were true then spinal anaesthesia should 

relieve such cases. There is no evidence that it does. 
L 

A second type of ileu s, so called a.dynamic ileus, is not 

infrequently encountered~ It is due to inhibitory nervous 

influences. No mechanical cause for obst~~ction exists. It is 

usually observed after comparatively simple operations on the 

abdominal viscera where there has been little or no interference 

with the intestines. The belief that it is caused by over­

action of the sympathetic nervous system is borne out by the fact 

that relief follows administration of a spinal anaesthetic. 

There is another form of ileus , the paralysis that develops 

in the distended coils of bowel above a mechanical obstruction 

which has been allowed to persist too long. The condition is 

probably due to interference with Auerbach's plexus cu toxic 

absorption from the bowel. In such cases spinal anaesthesia 

cannot induce peristalsis. Peristalsis is dependent on an 

intact intrinsic nervous system. The following two cases 
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illustrate its impor trence. One was an old man with a strangula" 

ted inguinal hernia, involving the small intestine, the other a 

middle aged woman with gall stone obstruction of the small bowel. 

Both had been obstructed for several days with regurgitant 

vomiting etc. Both were operated on under spinal anaesthesia. 

In neither case dis we see visible peristalsis in the distended 

bowel above the obstruction. Resection of intestine was 

necessary. In the female case the distended bowel was emptied 

through the hole by which the stone was removed. Both died. 

At autopsy I found tbe bowel, above the seat of tbe old obstruct~ 

ion , enormously dilated. The sites of stone and strangulation 

respectively were in excellent condition. But, apart from what 

had passed by mere hydrostatic action to the coil immediately 

below, there were no intestinal contents in the collapsed 

bowel below\ tP£ original site of obstruction. The only 

explanation I can of fer, is tha. t the bowel had become so com .. 

pletely paralysed, that no more peristalsis was possible even 

though sympathetic action had been temporarily controlled. It 

is clear· that no other form of anaesthesia would have been of 

any greater value. 

As a result of this experience I believe that its re­

action to spinal anaesthesia definitely indicates what the 

condition of the bowel is. If no peristalsis is seen in the 

bowel above the obstruction one must regard it as intrinsically 
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paralysed. In such cases mere relief of the mechanical cause of 

the obstruction is insufficient. One must leave a tube in the 

bowel above, preferably more than one tube. Elven then the 

chances of recovery are few. 

Intussusception is a form of obstruction where spinal 

anaesthesia has proved so successful, as to have become an 

absolute indication. Hamilton Bailey ( 57) advises 0.2 cc of 

stovairi in saline to be given for infants under 2 years. He 

specially comments on tbe relaxeo. condition of the_ abdomen. 

(b) Acute Appendicitis, with or without localised or 

generalised peritonitis. We can find nothing in the literature 

to support this view. Our results, however, have been so 

satisfactory that vve feel justified to draw this conclusion. 

We are aware of Labat•s ( 58) warning that the increased 

peristalsis may spread the infection. On the other harrl1 

there is the immense advantage of spinal ane.esthesia causing a 

minimum disturbance of metabolism. The relaxation, too, is of 

the utmost value in helping the surgeon do to the minimum 

amount of trauma. We hope at some future date to be able to 

substantiate this veww. 

What has been said of acute appendicitis is not altogether 

true of a perforat ed peptic ulcer. Our results have been good. 

The relaxation obtained is again a strong argument in favour of 

(57) Emergency Surgery. p. 205 
(68) Regional Anaesthesia. p. 509 
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' spinal anaestresia. But there are two other considerations: 

(1) In early cases there is marked shock, the blood 

pressure is low. 

( 2) A high spinal anaesthesia is required. This me ans a 

great fall of blood pressure. 

We believe that once shock bas been overcome, spinal 

anaesthetic i£ to be preferred. 

'zy. FRACTURES OF THE LOWER LIMBS. In simple fractures 

of the bones of the leg local anaesthesia is to be preferred. 

When dealing with a femur, or a compound fracture of the leg 

bones, or a. case where a septic skin contra-indicates the use 

of local anaestresia, spinal is the anaesthetic of choice. 
so 

Relaxation is/complete that the fragments literally fall together. , 

Spinal anaesthesia not only simplifies reduction, it is an aid to 

perfect redu et ion. 

V. VASO~SPASTIC DISEASES. The value of spinal anaesthesia 

in these cases is tba t it a.ids in the prognosis. To Telford 

and Stopford ( 59) we owe the elucidation of this important 

principle 1 although other means to the sane end had previously 

been employed. In the normal individual the surface temperature 
0 of the lower limbs rises on the average by 8 F after the 

administration of a spinal anaesthetic. This temperature is 

measured by a delicate electrical skin thermometer. In thrombo~ 

angitis obliterans - a condition where spasm precedes thrombosis 

(59) Br.Med. Jour. 18th June 1932• 



of the vessels-.. they found that after spinal anaesthesia 

the skin temperature of the lower limbs , as measured on the 

dorsu.m of the foot, rose to a lesser or greater degree . The 

rise usually was far less than that in the normal individual 1 

but they were able to conclude, that the higher the rise , whether 

in relation to the two limbs together or to either limb 

separately the better the prognosis after lumbar sympathectomy. 

Spinal anaestr~sia is first felt by the synpathetic 

nerves , the immediate effect being a "reeling of warmth in the 

feet and legs" due to peripheral vaso~dila.tation . This always 

precedes loss of sensation end motor power. Eughes (61) 

lays great stress on this as indicating the possibility of a 

good peripheral circulation end confirming the fact that 

r amisectomy or ganglionectomy is going to bear fruit . 

In cases of gm1grene due to arterio- sclerosis , this 

feeling of warmth is often experiencEI:l at a certain level , 

and gives the surgeon a good idea as to where amputation can be 

successfully aud economically perfonned. 

C O:NTRA- INDICATIONS 

(1) Hypo-tension of any kind contra.- indicates spinal 

anaesthesia. The lowest limit quoted for spinal anaesthesia 

to be safe is 100 , although most people prefer 110 m. m. 

of mercury. Amongst our l'.118. teria 1 the lowest pre- ops ra ti ve 

pressure was 108 m.m. of n:ercury. A great deal depends on 

(60) Personal communication. 
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whether the anaesthesia is to be a high or a low one. The 
where 

following a.re the typ es )Ne may ex~ct to find a low pressure: 

(a) General debility 

(b) Failing heart 

(c) Haemorrhage 

(d) Shock. 

Should spinal anaesthesia be very specially indicated, for 

some reason or other, in a case of severe haemorrhage, the 

objection to its use may be overcome by blood transfusion. 

One of our cases demonstrates the importance of haemorrhage as a 
contra-indication 
/ during or after the operation. Spinal anaesthesia. was 

induced to clear the uterus of the remains of ~n abDrted 

ovum. Severe bleeding took place at the operation. The 

woman later developed double internal iliac vein thrombosis. 

The low presi:mre caused by the haemorrhage plus the low 

pressure of the spinal anaesthesia cannot be disregarded as 

the aetiological factor in this case. 

In shock spinal anaesthesia is decidedly dangerous. 

The patient will not stand the additional lowering of the blood 

pressure. Evans states that, where shock exists, without 

haemorrhage, spinal anaesthesia might be safer than general 

ana.esthesia. We are of opinion that a short emergency operation, 

under such circumstances, is rm.1ch more safely performed under 

ether anaesthesia. 



(ii) Local Conditions. 

(a) Sepsis in the skin, in the deeper tissues or in the 
spinal canal itself precludes spinal anaesthesia . Neuro~ 
syphilis is a contra- indication in that the vitality of the 
tisst"es is so low that damage may result . For medi co- legal 
reasons spinal anaesthesia is better avoided in any nerve 
disease , where it may be blamed for a later paralysis . 

(b) Deformities of the Spine may make a lumbar puncture im ... 

possible . 

(111) Cerebral and cerebellar tumours. In cases of increased 
intracranial pressure such a delicate balance exists between the 
blcod pressure and the pressure in the cranium that the lowering 
of blood pressure produced by a high spinal anaesthesia may 
so disturb the compensation as to lead to death. 

MORTALITY 

Death may be due to the anaesthetic directly, or it 
may be caused indirectly by the harmful effects of the 
anaesthetic on the already devitalised tissues of tbe 

patient . In such cases the anaesthetic is a contribut i ng 
factor . As a rule , when the anaesthetic is directly 
responsible , the patient will die on the operating table or 
very soon afterwerds. Where the influebce is <Indirect , 

the patient may live hours or days afterwards, e . g. death 
from pneumonia caused by an irritating volatile anaesthetic . 
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When death truces place on the table the anaesthetic is 
usually blamed, and very often wrongly. It appears that the 
immediate or direct mortality after spinal anaesthesia E 
greater than that after ether anaesthesia. Figures vary so 
widely as from 1 in 200 to 1 ir- 10,000. They obviously are 
unreliable. Where spinal anaesthesia is used as a routine the 
death rate is very low. But v..here it is used as an expediency 
the death rate is high. This fact is accounted for by inexper,,,. 
ience, which one can expect under such cirru.mstances, and 

wrong selection of cases. The usual attit ude is "oh, his 
condition is too bad for a general anaesthetic, we'll give him 
a spinal." Natura.lly, if spinal anaesthesia is given to such 
poor risk cases on l y , the death rate will be high. We have not 
seen a spinal anaesthetic death, ,md in the series of ·cases from 
Bradford namely 536, there have been no deaths in the theatre and 
none in the ward within 12 hours of operation. 

With rege.ro to the deaths that may be indirectly or 
partly attributed to the anaesthetic, we are again on insecure 
ground. No matter how caref~lly statistics are kept it remains 
beyond our knowledge to tell exactly how many patients die as a 
result of the added de$-tru~tive effects of the anaesthetic• It 
is only when we cone to consider the figures of individual 
surgeons, who for a certain period have operated under spinal, 
and for a similar period, on similar material under general 
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anaesthesia., tba t we are able to approach a little nearer to 

the truth., even though it is not the whole truth. We are also 

justified in making deductions, men we compare results in any 

special disease or group of diseases, e.g. intestinal 

obstruction., genito-urinary diseases. 

In tm s eries of Basil HTughes 22 cases died out of a 

total of 536, i.e. 4.1 per cent. As we have no figures to 

compare these with we shall quote some from the literature. 

These are not selected figures., neither did we specially 

search for them in order to establish our point. They were 

observed while in search of other material. 

For operations for rectal carcinoma Miles ( 61) had a 

mortality of 37%, when using chloroform and ether and 12.8%, 

when using spinal anaesthesia. Since the war he had done only 

2 cases under ether and both died. 

· w~F.Campbell ( 62) states the death rate is 4.4%, less 

after spinal than after general anaesthesia, arrl there is 

an especially striking reduction in upper urinary tract surgery 

amd prostatectomy. 

Norman Lake's( 63) mortality for pirtial gastrectomy 

under general is 10% whereas under spinal anaesthesia it 

is 4%. 
The mortality figures for acute intestinal obstruction 

collected by Vick (64) from 21 English hospitals is 38.8% 

(61) Modern operative Surgery Vol II. p. 81 (Carson 1927) 
(62) Journal of Urology. Sept. 1930 
(63) B.M.A. centenary meeting Sec Anaes 1932. 
(64) ditto. 



excluding external hernias, and 26.2 '/o for hernias. Basil 

Hughes ( 65) who routinely uses spinal anaesthesia, has a 

mortality of 15% in intestinal obstruction. 

Foss ( · 66) st ates that of 400 acute appendix cases, in 

70 of whom there was peritonitis, 200 were operated under 

ether and 200 under spinal an~esthesia. The first group 

gave a mortality of 7.4'/o and the latter 4.2%. His findings in 

perforations and in gall bladder surgery were similar. He 

puts the in:provenent down to t...,,_e anaesthetic. 

From what we have just seen, it appears that we may 

possibly expect a higher table mortality from spiine.l anaes­

thesia but the later, or indirect anaesthetic mortality will 

be considerably reduced. By using spinal anaesthesia we may 

hlve to attend the inquest court more often, 1:ut we shall 

have fewer funerals to go to. 

SUMMARY 

Section I. 

1. The pathology of shock is briefly discussed. 

2~ The tqu.alities of an ideal anaesthetic are enumerated. 

Ether, Avertin and Spinal Anaesthetics are examined in this 

light. 

3. 

shock. 

(65) 
(66) 

Ether is noted to fail in tr~ prevention of traumatic 

It caus eo shock. 

B. Med. Jour. 15th Oct. 1932. 
Annals of Surgery. p. 738 
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Spinal anaesthesia protects aga:m.st traumatic shock, 

but not against psychic shock. Its great disadvantage is 

the fall of blood pressure. 

( 4) The c·a111es of fall . of blood pressure are fully 

discussed. 

Distinction is made between the low pressure of Spinal· 

anaesthesia ani the low blood pressure of s bock. Two eases are 

cited. 

(5) An attempt is made by liver function tests to 

determine whether clinical proof of shock, severe enough to 

cause liver damage, could be obtained in cases of spinal anaes~ 

thesia. After taking into consideration the effects of Avertin, 

it appeared that spinal anaesthesia did not damage the liver. 

(6) The effects of avertin on the liver are studied. 

Avertin appeared to produce additional damage in the diseased 

liver. Pra.ctice.l suggestions are made for the use of avertin 

in the presence of disease of the liver. 

SECTION II. 

(7) A report is presented on 182 cases of spinal 

anaesthesia with or Without avertin. 

(8) Details of technique are given and some minor 

points w local anaesthesia and haemorrhage in connection with 

lumbar puncture, are considered in detail. 

(9) Effects of the anaesthetic dun ng am after the 

operation a re reported and dis cussed. Late after effects a.re 
reported. 
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SECTION III. 

( 10) The usefulness, indications and contra-indications 

of Avertin and of Spinal Anaesthesia are discussed with special 

reference to the case reports. 

(11) Mortality is discussed. Spinal anaesthesia 

when not used routinely appears to have a higher immediate 

mortality than general anaesthesia but a definitely lower 

total mortality. 

C O N C L U S I O N 

Before deciding t, use spina 1 anaesthesia we 

must satisfy ourselves about two, possibly three , dis~ 

advantages. In comparison with these all its other dis ... 

advantages dwindle into insignificance. Yet if we cannot 

satisfy ourselves that these two or three disadvantages can 

be overcome or that the advantages of spinal anaesthesia do not 

weigh up against them, we dare not use spinal anaesthesia. 

What is ou'f position with regard to (1) Fall of blood pressure 

(ii) Failure of Respiration ( iii) Paraplegia? 

With regard to paraplegia I would not use spinal anaes" 

thes la, except as a last resort, if I had to fetr' such a grave 

disaster. There is no doubt, however, that it cannot occur in 

the hands of the careful and conscientious surgeon who makes his 

injections below the level of the cord. Such cases as have 
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occurred are exceedingly rare aDi can only be accounted ror by 

an error in technique or the co-existence of a neu·ral .. lesion. 

Failure of respiration is so intimately boUIXl up with 

excessive tall of blood pressure that we would not have 

considered it ~para tely as one of the important disadvantages 

except to state that pe.ralys:ls of the phrenic nerves is an 

extremely re.re occurrence. Moreover, it should not lead to a 

tat al result. The ef feet or the aiaesthetic on the phrenic nerves 

' will ,ear off very soon aid meanwhile the patient can be kept 

alive by artificial respiration. 
! 

Fall of' blood pressure remains the one outstanding 

disadvantage. To a certain degree it is unavoidable ani will 

remain so, unless a mrug can be discovered which, by selective 
.· . 

attinity will paralyse the motor and sensory tibres without 

affecting the sym:pathetic fibres or the spinal roots. 
I 

With a thorough understanding of the cames! of the fall of 

blood pressure we can, however, select our cases in such 
I 

a way that they will not suffer as a result of the low 

pressure. Even though the arterial pressure falls ·to a low 
I • 

level in the forearm it do es not necessarily imply that. the 
I . 

pressure in the brain :Js low. With the head down the brain will 

rarely have' an inadequate supply of blood. 
I 

A low peripheral 

pressure may be a result of the redis·tributary functions of the 

vaso-motor centre which deviates the blood now from relatively 

unimportant are es to the vital organs of the body • . Mo~eover• 

:modern methods have been so successful as to have almost overcome 



this disadvantage. By the use of relatively non-toxic drugs, 

the adoption of the Trendelenburg position ( with hypo"baric 

drugs immediately and with hyper- baric ones a short while 

after injection), bandaging of the lower limbs, the prophylactic 

injection of ephedrin and the emergency treatment with adrenalin 

intravenously and inhalations of oxygen ar.d carbon-dioxide 1 

the fall of blood p:re$sure has been so successfully combated 

as to have become a minor disadvantage in the 'hands of the 

· experienced. 

Confident of the elimination of these drawbacks we 

find ourselves in a position to utilise the outstarrling 

advantages of spinal anaesthesia. Of these the most important is 

prevention of traumatic (primary) shock. We can combine with it 

the use of an agent which w:i.11 allay all mental pain and prevent 

psychic shock. In other words, we can produce complete anociation 

by employing such a combination. "Anocia.tion" says Crile, " is 

the goal of operative surgery." 

We have, in this light examined a series of cases 

and taken into accotmt the views o.£' others. We ha.ve noted that 

no one anaesthetic is perfect or ideal, in the sense that it 
.·, 

protects the braih completa1y against the effects of local 

operative trauma and destructive psychic strain. Spinal 

anaesthesia protects against the effects of local operative 

trauma, but not against psychic strain. Inhalation anaesthesia 

protects against the latter, tut not against the first. 
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Each covers only s pa.rt of the field. We bave observed the 

great usefulness of Avertin as a basal anaesthetic. A 

combination of spinal anaesthesia a:rrl avertin has been 

used in a series of cases. The res ult s have been extremely 

satisfactory, both immediate and remote. 




