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INTRODUCTION.









The securing of a safe anæsthesia during operations is more important

than ever before, partly because of the mere number of operations,

and partly because of the greater extent to which other operative

risks—hæmorrhage, shock and infection—have been overcome. The risk

from the anæsthetic is now so very small that the joint aim of the

surgeon and anæsthetist to abolish it altogether is not far from

being accomplished. The author of this volume has done a good deal to

accomplish this end, and it is a matter of congratulation that he has

now published an account of his methods, so that a larger circle may

benefit from his teaching and his experience.




The author very properly goes further and maintains that anæsthesia

must not only be safe but must also be good; good anæsthesia is

absolutely vital to good surgery. Only a generation back many surgeons

professed to see no difference as to who gave the anæsthetic; at the

present day no one willingly embarks upon a difficult operation without

the aid of a skilled anæsthetist.




In various parts of the book the author has very rightly laid great

emphasis upon the influence which the work of the surgeon has upon

that of the anæsthetist. The latter may learn much from an occasional

glance at the field of operation. He should not interest himself in the

details of operative procedure to the distraction of his mind from his

own responsibilities; but he can, in abdominal surgery, see for himself

whether the muscles are properly relaxed, and observe the state of

operation, so that he can when necessary deepen the anæsthesia in good

time, while not maintaining deep anæsthesia when a light one would

suffice. Finally, he can check his other sources of information as to

the condition of the circulation by noticing the force with which cut

arteries spout, the colour of the blood and the size of uncut veins.




Like other branches of medicine, adequate study as well as practical

experience is required in order to master the art of administering

anæsthetics, and that a reliable manual of instruction is essential,

goes without saying; I feel on perfectly safe ground in recommending

this book as such both to the student and the practitioner.




ALEXIS THOMSON.











PREFACE.









This little book is an attempt to present to the student and

practitioner a condensed account of modern anæsthetic views and

practice. In choosing a general scheme I have tried to lay emphasis

upon the relation of anæsthesia to general medical science rather than

upon elaborate descriptions of anæsthetic apparatus and methods which

a few years hence may be superseded. I have therefore devoted the

first four chapters to an account of the various forces which modify

the physiology of the patient during an operation under a general

anæsthetic, in so far as we at present understand them. I trust that

they will prove not only a sound basis for the information given in

the rest of the book but also a help towards forming a judgment upon

new methods and appliances as and when they meet the attention of the

reader.




In making a selection of drugs and appliances for description, I have

eliminated those which do not appear to me to have any real sphere of

usefulness.




The account of nitrous oxide and oxygen has been given in some

detail. Both the profession and the lay public have arrived, through

the experiences of the war, at a more just appreciation of the

possibilities of this combination than was at all general before

the year 1914. At the present day, no one who proposes to engage in

anæsthetic work can afford to remain unpractised in its administration.




I have an apology to make to my women readers. Throughout the book,

when speaking of the anæsthetist, I have presumed the male sex. Such

phrases as “his or her” and “he or she” are tedious and inelegant, and

their omission must not be taken as forgetfulness on the author’s part

that women frequently make very good anæsthetists.




Professor Alexis Thomson has added to the many kindnesses I have

received at his hands by writing the Introduction which immediately

precedes this Preface, and I wish to express my sincere thanks to him

for such a valuable addition to the book.




From Mr David Wallace, F.R.C.S.E., I have received much valuable help

and guidance in anæsthetic matters. It was largely due to his kindly

assistance and moral support that I was encouraged to persevere with my

early attempts to use nitrous oxide and oxygen in major surgery. The

hints which are given in connection with Genito-Urinary Surgery are

also derived from him.




The chapters upon Local and Spinal Anæsthesia are entirely the work of

Mr Wood, to whom I must express my gratitude for the admirable way in

which he has done the work.




I must also thank Dr Torrance Thomson most sincerely for his useful

contribution in chapter X, which constitutes a complete

monograph upon Intratracheal Anæsthesia.




To Dr Wm. Guy I am indebted for the photographs which appear in the

book, and I must express my sincere gratitude to him for the trouble he

has taken in the matter.




Much thanks are also due to the following firms who have been kind

enough to lend illustrative blocks:—Messrs Claudius Ash & Co. Ltd., G.

Barth & Co., De Trey & Co., J. Gardner & Son, Allen & Hanbury’s Ltd.,

Meyer & Phelps, Coxeter & Son, Down Bros., Ltd., Krohne & Sesemann, and

Mr J. H. Montague.




Lastly, I must express my high appreciation of the courtesy which the

publishers have shown to me, and of their generosity in the matter of

illustrations.




J. STUART ROSS.




October 1919.
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CHAPTER I.


PHYSIOLOGICAL ACTION OF ANÆSTHETIC DRUGS.





Every anæsthetic drug has certain pharmacological peculiarities of its

own, but all have much in common, and it is to these common features we

shall first direct our attention.




Reaching the blood stream by absorption from the lung alveoli, the drug

enters into loose combination with the red blood corpuscles; a small

proportion only is carried in the plasma. Within the corpuscles it

must of necessity displace a certain proportion of the oxygen normally

carried: this factor is of great importance only in the case of nitrous

oxide gas, which readily displaces the larger part of the normal oxygen

content. In the case of other anæsthetics, the same process occurs; but

to a less extent. Detailed figures of the extent to which the blood

gases are altered in various stages of chloroform anæsthesia will be

found in Appendix III.




The actions of individual drugs upon the circulatory, respiratory,

and excretory systems differ so considerably that a small section

has been devoted to this subject in each of the chapters devoted to

nitrous oxide, ether, and chloroform respectively. One feature is,

however, dependent upon the state of anæsthesia rather than

the action of the particular drug, and that is a certain slight fall

of blood pressure. This phenomenon is seen even in natural sleep, and

is presumably due simply to lack of normal stimuli such as tactile,

visual, and auditory impressions which in the ordinary circumstances of

life, help to maintain the tone of the vasomotor system. That such a

fall is due to the state of anæsthesia admits of little doubt,

but the fact is not always easy to demonstrate since each of the drugs

themselves have a marked influence upon the B.P., which masks the pure

effect of the anæsthetic sleep.






 Action upon the Nervous System.





It is in this system, of course, that we look for the characteristic

action of anæsthetics, since if we had a choice, it is the brain

only which we should desire to influence by our drug. It used to be

said that anæsthetics paralyse the brain from above downwards, but

that is only approximately true. More correctly we may say that the

more highly developed parts of the brain are earliest affected, and

that those portions, such as the vital medullary centres, which man

shares in common with his humbler zoological relatives, maintain

their activity until the last. Moreover, it must be remembered that

before any brain centre succumbs, it passes through a preliminary

stage of excitement, varying in intensity with varying drugs

and also with different types of patients. Those who are accustomed

to administer to their nervous centres repeated large doses of such

nerve poisons as alcohol and tobacco, may show very evident signs of

this preliminary cerebral irritation during the process of induction

of anæsthesia; so do also the unhappy possessors of nervous systems

deranged from other causes such as epilepsy.




The first centres to be attacked are those of thought and

perception. The patient is incapable of coherent reasoning, and

loses touch to some extent with impressions from the outside world.

Muscular sense and co-ordination next become affected. Although

still able to move the limbs or the head, movements are incoherent, and

if at this stage the patient were put upon his feet, he would stagger

as he does in alcoholic intoxication. By this time sensation,

both tactile and special, begins to be affected. The patient is no

longer cognisant of pain,—if cut he would at any rate not have a

remembrance of pain. The special senses are at this stage also

lost, one of the last to go being the auditory sense, a point which

is sometimes forgotten by those inclined to talk while anæsthesia is

being induced. Muscle tone is the next function to be lost, and

at this stage all movements on the part of the patient should cease

except those of respiration. The reflexes disappear at varying

stages: the spinal reflexes, e.g. the knee-jerks, disappear

fairly early, probably before muscle tone is entirely abolished, but

certain other reflexes persist to a later stage. Those which are of

most interest to the anæsthetist are the conjunctival, corneal, and

pupillary reflexes of which he will find full details in Chapter

V.




Lastly the vital medullary centres, respiratory, vasomotor,

and cardiac are overcome, and at this stage we have passed beyond the

stage of a proper anæsthesia into that of over-dosage. In passing it

may be observed that the level at which one endeavours to work is that

indicated by the loss of muscle tone and of some of the reflexes and

the full activity of the medullary centres, and that an anæsthetic is

good or bad according as it gives a wide or narrow margin between these

two events.




Upon the peripheral nerves, anæsthetics have much less effect

than on the central nervous system. Faradisation of a motor

nerve will in the deepest anæsthesia still cause immediate

contraction of the muscles supplied by it, showing that the

conductivity of the nerve is unaffected. Of far more importance,

however, is the fact that the sensory nerves are not paralysed.

That pain is not felt by the patient is due simply to the loss of

function of the cerebral sensory centres; injury to the nerve

still causes an impulse to be transmitted to the brain. Since no

operative procedure can be carried out without more or less trauma

(injury) to sensory nerves, we may picture the brain of the patient

undergoing a surgical operation while under a general anæsthetic,

as being constantly bombarded by sensory stimuli, which though not

consciously appreciated by the sleeping patient, are yet capable of

producing reflex effects of a definite character, the importance of

which to the work of the surgeon and anæsthetist it is difficult to

exaggerate, and of which a condensed account will be found in the

succeeding chapter.











CHAPTER II.


SHOCK AND ANÆSTHESIA.








Under this short and convenient title, the author proposes to discuss

all the changes observable in the patient’s condition, the causation

of which can be traced to the procedure of the surgeon. The use of

the term shock was at one time, and by some teachers still is,

restricted to a definite clinical condition. The patient was described

as lying pallid and almost pulseless, with dilated pupils, cold

sweating skin, and gasping, irregular respirations. In the view more

generally taken to-day, that is but the extreme and final manifestation

of a syndrome, which any patient who suffers trauma (whether inflicted

accidentally or by the surgeon) exhibits in a greater or less degree,

and from which general anæsthesia protects a patient to a very limited

extent only.




Professor Crile, to whose work we owe so much of our knowledge on this

subject, has said, “In general anæsthesia, part of the brain only is

asleep.” Though consciousness is abolished, many parts of the brain

are quite capable of responding to centripetal impulses passed

to the brain through sensory nerves injured by the knife. A full

account of the changes demonstrated by Crile in some of the cells of

the grey matter of the brain as a result of such stimuli, and of the

interpretation put upon these by their discoverer, is not suitable

for a text-book of anæsthesia. It is sufficient to say that such

changes have been discovered, and that their occurrence as a result

of trauma is not prevented by inhalational anæsthesia. Such changes,

though of the utmost interest scientifically, cannot be demonstrated

clinically, and it is to alterations of blood pressure and

of respiration that we must look for clinical evidence of the

effects of shock stimuli.




  

     [image: ]

     Fig. 1.—Shock—Blood pressure of a dog undergoing

laminectomy under general anæsthesia (Grey and Parsons.)


     (Reproduced by kind permission of the Authors.)


     




With every incision by the surgeon, sensory nerve twigs are of

necessity injured. The fibres found in sensory nerves are, it will

be remembered, either pressor, or depressor—that is, stimulation of

them, causes either an increase or decrease of the blood pressure,

the depth and frequency of respiration being usually affected in the

same direction as the B.P. That such changes do commonly occur is

easily recognised by clinical observation. The veriest beginner in

anæsthesia soon learns to expect a deeper, quicker respiration and a

stronger pulse as soon as the operation has begun. These changes have

been studied experimentally upon animals and upon the human subject by

the use of the sphygmomanometer: Fig. 1, drawn from Grey & Parson’s

Arris and Gale Lectures of 1912, shows a tracing from a dog undergoing

laminectomy under general anæsthesia, and gives a good idea of the

early evidences of shock.









We may condense the results of much work on this subject under the

following headings:—








(a) Most stimuli from the field of operation cause a

sharp rise of blood pressure, followed by a sharp fall.




(b) Successive stimuli delivered quickly one after

another add their effects together, the total result being

considerably greater than from one severe trauma.




(c) After a time, the pressor effect of stimuli begins

to lessen: the animal or patient “wears out,” and finally no

pressor result can be obtained by the most massive stimulation:

the curve of B.P. steadily falls: the condition of full surgical

shock is produced.




(d) The tearing or pulling of tissues produces more

powerful stimuli than the use of a sharp knife, and, therefore,

brings on the full condition of shock more rapidly.




(e) Stimuli from some tissues cause much more reflex

effect upon the organism than from other less sensitive

structures. This is well exemplified when an abdominal section

is in progress. Incision of skin causes immediate response in

deepened respiration and higher B.P.: division of the fascia

very little effect. If the muscle is divided by the knife, again

little reflex effect is noticeable, but if it be stretched and

split by the fingers, the response is powerful. The parietal

peritoneum, however delicately handled, is one of the most

sensitive structures in the body, and, unless the patient is

fully under at the stage either of opening or closing this

layer, actual breath-holding or straining will occur. On the

other hand, incision or suture of the hollow viscera will cause

practically no response however light the anæsthesia, provided

these structures, and their connections with the parietes, are

not pulled upon.




(f) Stimulation of certain selected areas, of which the

spermatic cord is a well-known but by no means the only example,

results in an almost immediate fall of blood pressure with

little or no preliminary rise. In the operating theatre, we

sometimes see faintness or syncope arising quite suddenly during

operations in such regions. This subject is explained more fully

in Chapter XVI. under the term “Reflex Syncope.”
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     Fig. 2.—Combined blood pressure chart showing

the average of a number of experiments.—A—Under nitrous

oxide and oxygen. B—Under ether. At each spot marked

x, a trauma (burning of the paw) was inflicted. (After

Crile.)


     








(g) While no general anæsthetic protects absolutely

from shock stimuli, some anæsthetics give more protection than

others. Nitrous oxide is the most effective in this respect,

its powers being two and a half times greater than that of

ether: chloroform is even less effective than ether (see

Fig. 2).




(h) The claim made by the older generation of surgeons

that shock could be prevented by the use of a deep

anæsthesia, and that the occurrence of any “Reflex syncope” was

always a sign of too light an anæsthesia cannot be made good. At

the same time, it must be admitted that too light an anæsthesia

does increase the likelihood of shock. Prolonged deep

anæsthesia, on the other hand, produces by itself a condition

indistinguishable from shock, with the single exception of

nitrous oxide gas.




(i) Operative shock is predisposed to by several factors

of which the following are the most important:—




1. Hæmorrhage before or during operation.




2. Sepsis.




3. Fear.




4. Prolonged starvation.




5. Certain diseases, especially hyperthyroidism

(exopthalmic goître).









 Theories of Shock.





So far as we have touched in the above upon theory, it has been theory

which receives general acceptance and which accords with known clinical

facts. When we come to discuss the reason why blood-pressure falls

in shock, we are in more debatable country.




Crile’s original view was that the upstroke seen in such charts as

shown in Fig. 1 are caused by reflex vaso-constriction, and that the

final fall of B.P. was due to exhaustion of the vaso-motor centre.

This view he does not seem to have modified as a result of his later

discovery of degenerative changes in certain cells of the grey matter

of the brain.




Other workers, J. D. Malcolm in this country, and Yandell Henderson,

of Yale, U.S.A., maintain an opinion diametrically opposite. In their

view, in fully developed shock, the vessels are in vaso-constriction,

and the circulation is arrested from undue internal resistance to blood

flow.




A third explanation of lowered B.P. has been offered, and while its

significance is not understood, there is fairly general agreement as

to its validity. This factor is a reduction in the total blood

volume—an oligæmia. No one has as yet demonstrated to what region

or organ the missing blood volume has retreated.






Yandell Henderson’s Acapnic theory of Shock.




Acapnia is a condition in which the CO2 content of the blood and

tissues has been brought to too low a level. Those who climb mountains

suffer from it, and so do those who breathe rapidly and heavily for a

prolonged period. Carbon dioxide is necessary for the vigour of the

respiratory centre, of which it may be termed the natural regulator.

Moreover, the heart and the great veins which empty into it require a

certain proportion of CO2 in the blood.




Admittedly, patients inhaling anæsthetics do on occasion breathe too

deeply. Sometimes they do so voluntarily before losing consciousness,

sometimes reflexly as a result of such a manœuvre as stretching the

sphincter ani. Do they thereby bring their CO2 down to a level which

does serious harm and which can be considered a cause of collapse under

anæsthesia? Henderson says they can and do: most other workers deny the

possibility.
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     Fig 3.—Diagram (after Crile) to illustrate

anoci-association. In “A” the trauma is inflicted on the leg,

and the brain being wholly unprotected, considerable shock

is suffered. In “B” the brain is protected by inhalational

anæsthesia from the effects of fear, etc. In “C” the sensory

nerves from the seat of trauma are blocked by novocaine, and the

brain also protected by inhalational anæsthesia. Theoretically

no shock is suffered.


     






 Prevention and Treatment of Shock.





There are many theories of shock but only one anti-shock technique

which will bear examination. Founding upon his own theory, Crile about

1913 elaborated his ANOCI-ASSOCIATION method of which the

following are the leading features (see Fig. 3):—













(a) Prevention of fear.—Every member of this team

is taught the all-important art of so dealing with the patient

that no unnecessary fear is allowed to remain in his mind.

That art does not consist in endless repetition of the phrase,

“Do not be frightened,” but rather in each so bearing himself

or herself before the patient that he may gradually acquire

the conviction that he is surrounded by careful, kindly, and

skilful persons who are doing for him what they do for hundreds

of others, and doing it with an expectation of his early and

complete recovery so certain that they do not need to put it

into words unless definitely questioned. Such an art is not

acquired in a day, and some unhappy few are so constituted that

they can never acquire it.




As a further preventative of fear, and also for other reasons

explained in Chapter vi., the patient receives a dose of morphia

(⅙th grain, with ¹⁄₁₂₀th grain atropine, hypodermically) three

quarters of an hour before operation. Some surgeons go further,

and give a sedative the night before operation. Veronal gr.

viii. is the favourite prescription of Prof. Alexis Thomson of

Edinburgh.




(b) The sensory nerves are “blocked” by infiltration

with novocain. By the systematic use of local in conjunction

with general anæsthesia, the harmful stimuli from the area of

operation are prevented from reaching the brain. For the details

of this measure, the reader is referred to Chapter xx.




(c) The anæsthetic of choice in Crile’s practice is

nitrous oxide and oxygen (see Chapter vii.).







The whole of this technique has not been generally adopted as a

routine, but nevertheless the teachings of Crile have greatly

influenced the mind and practice of most surgeons and anæsthetists.

Traces of that teaching are to be found everywhere in the organisation

built up during the Great War to save as many as possible of the lives

of badly smashed men. At no previous time in the history of surgery was

the problem of shock so pressing, and a brief resumé of the methods

adopted is here set down, as an example of how shock should be dealt

with.




  

     [image: ]

     Fig. 4.—Lane’s apparatus for subcutaneous

infusion of saline solution.


     






 Treatment of Shock among the Casualties of the War.





The first essentials demanded were the most careful organisation,

the provision of equipment far in advance of most home civilian

hospitals, and of surgical teams specially trained to a high level of

excellence. Upon recovery from the field, the injured man received

at the Advanced Dressing Station, such first aid dressing

as was necessary, and a substantial dose of morphia. When the

latter had had time to take effect, the case was passed back to the

Field Ambulance (where he received his first dose of antitetanic

serum), and from there to the Casualty Clearing Station.

During every stage of the journey, he received as much warm fluid

nourishment as possible. Arrived at the C.C.S., the severe case was

passed first into the Resuscitation Ward. This department,

under the charge of a specially trained M.O., concentrated largely

upon two measures—the thorough warming of the patient,

and the replacing as far as possible of the fluids lost to him by

hæmorrhage and shock. The warming in many C.C.S.’s was effected by

electric radiant heat baths. The fluids were replaced either by way of

infusing blood from another patient, or by the use of gum saline

solution. Introduced into a vein, the action of this solution

persists for a much longer period than that of ordinary saline, being

less easily lost by osmosis through the capillaries into the tissues.

From the resuscitation ward, the patient passed to the Operating

Theatre. Though the full technique of anoci-association was

not always possible, the maxims which Crile had sought to inculcate

into the practice of surgery influenced the work of surgeons and

anæsthetists very profoundly. Nitrous oxide and oxygen was used for all

the severely shocked cases, and infiltration with local anæsthetics

where feasible and necessary.
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