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if properly used, the following being the rules for its safe administration.

A drachm or two of the liquid having been sprinkled upon the middle of a

folded towel, hold it near the face, taking care that free space is afforded for

the access of air beneath its edges, till the eyelids cease to move when the

conjunctiva is touched with the finger. Meanwhile watch the breathing care-

fully ; and if at any time it should become obstructed or strongly stertorous,

suspend the administration and draw the tip of the tongue firmly forwards till

the tendency to obstruction has disappeared.

These simple instructions may be acted on without difficulty by any intel-

ligent medical man. The notion that extensive experience is required for the

administration of chloroform is quite erroneous, and does great harm by weaken-

ing the confidence of the profession in this valuable agent, and limiting the

diffusion of its benefits.

Part IL Written 1870

The nine years which have passed since the above article was written have

tended to confirm its main doctrines.

The safety of chloroform when administered according to the rules laid

down in the preceding pages has hitherto been verified without exception in

my own personal experience ; and I may add that Mr. Syme, though he con-

tinued to within the last two years in the full activity of his career as an operator,

never lost a patient through its use, either in public or private practice. Further,

I believe I am correct in stating that no case of death from chloroform has

occurred during these nine years in the operating theatre of either the Edin-

burgh or the Glasgow Infirmary, two of the largest surgical hospitals in Great

Britain. Yet in both these institutions a folded towel on which the anaesthetic

liquid is poured, unmeasured and unstinted, is still the only apparatus employed

in the administration
;

preliminary examination of the heart is never thought

of, and during the inhalation the pulse is entirely disregarded ; but vigilant

attention is kept upon the respiration, and, in case of its obstruction, firm traction

upon the tongue is promptly resorted to. And it is worthy of special notice,

as showing that success is due to soundness of the principles acted on, rather

than any particular skill, that the giving of the chloroform, instead of being

restricted to a medical man appointed for the function, as is elsewhere often

thought essential, is entrusted to the junior officers of the hospital. In Edin-

burgh each of the live surgeons has two ' clerks ', intermediate in position

between the house surgeon and the dressers. They, besides other duties, take

it in turn to administer the anaesthetic ; and if I had to be placed under its
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influence I would rather trust myself to one of these young gentlemen than to

the great majority of ' qualified practitioners '.

The appointment of a special chloroform-giver to a hospital is not only

entirely unnecessary, but has the great disadvantage of investing the adminis-

tration of chloroform with an air of needless mystery, and withholding from

the students the opportunity of being trained in an important duty, which any

one of them may be at once called upon to discharge on commencing practice,

and which, though certainly simple, is better performed after some practical

initiation. I well remember the anxiety I felt on entering upon office as Mr.

Syme's house surgeon, though I had before held a similar position in London,

lest his first fatal case should occur in my hands ; but this feeling soon gave

place to perfect confidence, more especially after I had seen symptoms, which

would before have alarmed me, dispelled at once by traction on the tongue,

which was then a novelty to me, and which is, I fear, even 3'et not duly appre-

ciated by the profession generally.

An incident which occurred during my Glasgow incumbency illustrates so

strikingly both the value of drawing forward the tongue, and the relations of

the circulation and the respiration to chloroform, that it seems right to place

it on record. One of my colleagues in the Infirmary had been making an
attempt to reduce a dislocation by means of the pulleys, chloroform having
been given very fully by the house surgeon, who, at the close of the perfor-

mance, removed the cloth from the patient's face, and proceeded to attend to

other matters. Happening to be present, and observing that the respiration

was deeply stertorous, I w^atched it carefully, and noticed that it passed almost
immediately into the state of complete obstruction, though still accompanied
by the movements of the thorax, the face meanwhile becoming markedly livid.

Unwilling to interfere, and seeing the carotid pulsation conspicuous in the neck,

I waited awhile, hoping that the obstacle to the breathing would disappear
spontaneously. But instead of this I soon saw to my horror the lividity give

place to what I knew was physiologically identical with post mortem pallor.

I now rushed forw^ard and drew the tongue out firmly with the artery forceps
;

air at once passed into the chest, and the man was rescued.

This case seems to me fraught with the deepest instruction.

There can be no doubt that the patient was on the very verge of death
;

that if the laryngeal obstruction had lasted a very short time longer, the respira-

tory and cardiac ganglia would have failed in their functions. Supposing the

administrator to have continued the chloroform with his attention devoted to

the circulation, the first thing that would have alarmed him would have been

the failure of the pulse at the wrist. On removing the cloth from the face,

he would have seen the deadly pallor, and, ignorant of the asphyxial lividity

which had preceded, he would have taken it as positive evidence of primarj^
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failure of the heart, a verdict in which the whole profession would probably

have supported him, whether valvular disease or fatty fibres could or could

not be discovered on post mortem inspection. The case, then, reads us another

striking lesson on the paramount importance of taking the respiration as our

guide, and shows how readily, if this be not done, a death due to the grossest

mismanagement may be regarded as the inevitable result of constitutional

peculiarity.

The case also shows the necessity of keeping watch for a while after the

administration has been discontinued. The last portions of the vapour inhaled

seem to take some seconds at least before they produce their full effects on the

nervous centres ; and the patient should not be left till he has been seen to

breathe calmly and freely for some minutes after the cloth has been removed.

On one occasion only, so far as I remember, have I seen firm traction on

the tongue fail to remove laryngeal obstruction. In that instance the chest

continued to heave, but no air entered or escaped, although the tongue was

well drawn out. Happily, however, the desired effect was instantly produced

by slapping the face with a towel dipped in cold water, while the traction on

the tongue was maintained. This fact is interesting, not only as a striking

illustration of the value of the sudden application of cold under such circum-

stances, but also because it confirms the explanation before given of the modus

operandi of traction on the tongue, viz. that it operates not mechanically, but

through the nervous system. For here the barrier to the entrance of air into

the chest remained in spite of the clearing away of any obstacle which the tongue

might be supposed to present, but that barrier was at once removed by a means

which could not act in any other way than through the nerves.

It is nevertheless true that the tongue does frequently fall back under

chloroform, and so occasion a mechanical impediment to respiration. It recedes,

no doubt, in consequence of relaxation of the lingual muscles ; and accordingly

thick or obstructed breathing depending on this cause may be very simply

cleared by pulling the beard or forcibly pushing up the chin, so as to draw for-

ward the tongue through the medium of the muscular fibres which pass back

to it from the maxilla. Turning the patient's face well round to one side, so

as to cause the weight of the relaxed organ to tell laterally rather than back-

wards, is another way in which a needless puncture of the tongue may often

be avoided. But it must always be borne in mind that neither of these means

can be expected to succeed if the obstruction exists in the larynx, and if they

do not answer their purpose, not a moment should be lost in applying the artery

forceps.

Whenever it is necessary to draw the tongue forward, it is of course equally



152 ON ANAESTHETICS

needful to suspend the administration, by taking the cloth entirely away from

the neighbourhood of the face. To act otherwise would be to pour in a fatal

dose after artificially removing the natural safeguard against its entrance. To

give a caution against so obvious a breach of physiological principle may seem

superfluous, but I know by experience that it is not uncalled for.

I have admitted in the foregoing article that idiosyncrasy may have been

the cause of death in some anomalous cases which have been put on record.

We certainly see strange varieties in the effects produced by chloroform both

on the cerebral and the spinal centres. Some persons when inhaling it lie from

first to last as in a tranquil slumber ; some, before they succumb to its narcotic

influence, struggle with great violence, without uttering a sound ; others bawl

lustily, while some sing sweetly, and others again are disposed to converse quietly

though incoherently with those around them. There are also remarkable

differences in the relation of sensation to consciousness under chloroform. As

a general rule the\^ are affected simultaneously, but we now and then see patients

insensible to the pain of an operation, though perfectly conscious of all that is

passing. Equally various are the effects upon the spinal functions. The

absence of winking when the eyeball is touched with the finger, though a very

good general guide to the abolition of reflex action in the body generally, is

by no means an unvarying indication. In some persons that particular function

is abolished earlier or later than usual. Relaxation of the sphincters of the

bowel and bladder is a result of chloroform happily only occasionally met with,

and various other instances of exceptional phenomena might be mentioned.

Another example of peculiarity, more closely bearing upon the question of

death from chloroform, has come under my observation in two instances during

the last nine years, viz. cessation of the movements of the thorax, or in other

words suspension of the function of the respiratory ganglia, without any pre-

liminary laryngeal obstruction, although there was not, so far as I could judge,

anything unusual in the mode of administration. In both cases natural breath-

ing soon returned under artificial respiration maintained by intermitted pressure

on the false ribs, while the tongue was drawn forward, accompanied by occasional

slapping of the face and chest with a cold wet towel. But the condition was

sufficiently alarming while it lasted. The patients were both elderly, feeble

subjects, and I may remark that if I ever give chloroform with any degree of

apprehension, it is to the aged and infirm.

Another closely allied instance of idiosyncrasy once presented itself in my
practice. I had removed under chloroform a small epithelial cancer from the
eyebrow of a feeble old woman, nothing unusual having occurred, when I noticed
that the breathing assumed a peculiar sighing character, and the intervals
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between the sighs became greater and greater, till I began to fear their entire

cessation. However, normal respiration returned, and in the course of a few
minutes she got up and sat in a chair beside the fire. But she had not been
there long before the same strange slow breathing came on again, as if she would
sigh her life away, and I believe that if I had not had her put back promptly
to bed she would actually have died. Here a feeble frame was further weakened
by the potent narcotic, and it happened that the effect told especially upon
the respiratory function, with the peculiarity that it was manifested not during

the administration of the chloroform, but subsequently.

With these examples before us of deviations from the usual order in which

the various functions of the nervous system are affected by chloroform, no one

can say it is impossible that here and there an individual may be found so con-

stituted that, without any undue proportion of the narcotic vapour to the air

inhaled, the cardiac ganglia may fail before the respiration is interfered with.

But while freely admitting that such a thing is possible, I must repeat my firm

conviction that this kind of idiosyncrasy is certainly ' so rare that it may practi-

cally be left out of consideration altogether '.

The danger of chloroform may be compared, not inaptly, to that of railway

travelling. In both cases the risk incurred by any individual is so small that

it does not enter seriously into our calculations. And just as railway accidents

are generally occasioned by culpable mismanagement, so death from chloroform

is almost invariably due to faulty administration.

Various attempts have been made during the last nine years to improve

our anaesthetic methods. Among these must be mentioned the reassertion of

the claims of sulphuric ether by the late Dr. Mason Warren, of Boston, in

America. Our transatlantic brethren naturally feel indignant that their grand

discovery of anaesthesia in surgery should be confounded with the very secondary

matter of finding out that a different agent from that which they employed

will produce similar effects in a more efficient manner. For the introduction

of chloroform, when the whole subject was a novelty, led to a confusion in the

public mind in this country, where ' the discovery of chloroform ' is often re-

garded as identical with the discovery of anaesthesia. And there can be no

doubt that if sulphuric ether were still in use in Britain as it is in Boston, and

if chloroform were now brought forward for the first time as a substitute for it,

comparatively little would be thought of the innovation. j\Iore convenient

chloroform undoubtedly is, on account of its smaller bulk, and the greater

facility of its administration, but Dr. Warren contended that these advantages

were more than counterbalanced by the greater safety of ether, which he declared

had never up to the time of his writing produced a single death. ^ Admitting

' See Surgical Observations, with Cases and Operations, by J. Mason Warren, M.D., &c.
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the facts to be in the main as Dr. Warren has given them, the case may probably

be fairly stated by saying that ether, being less potent, is less liable to cause

death from mismanagement. But the rules for the satisfactory use of chloro-

form are so simple that mismanagement is really inexcusable ; and if we had

nothing else to consider than the question of safety, chloroform would probably

in all cases maintain its superiority^ over ether. There is, however, another

point in which a great advantage has been lately claimed for the original anaes-

thetic. The vomiting which is so frequent after chloroform is generally only

a matter of more or less inconvenience. But in the special case of ovariotomy

the disturbance of the abdomen thus occasioned is thought to have sometimes

been the cause of death. Dr. Thomas Keith, whose remarkable success in that

operation is well known, was led to try sulphuric ether, in the hope that it might

prove less objectionable in this respect, and the result has been in the highest

degree satisfactory-, so that whereas with chloroform vomiting was the general

rule, it now seldom occurs in his practice.^ Dr. Keith has also ascertained

that if truly anhj^drous ether be employed, it can be given so as to produce

its effect almost as rapidly as chloroform, and without waste of the material,

by simply pouring a little of the liquid occasionally upon a piece of flannel con-

tained in a cup-shaped vessel adapted to the mouth and nose, with a small

aperture for the entrance and exit of air. Hence, as there are various other

operations in which the avoidance of vomiting is a matter of great moment,

sulphuric ether seems likely to reassume an important place as an anaesthetic.

Nitrous oxide, which we had looked upon as of mere historical interest,

as a kind of pioneer in anaesthesia, has also been revived of late years and turned

to practical account, chiefly through the exertions of Dr. Evans, an American

dentist residing in Paris. It is a remarkable fact, that when inhaled unmixed

with atmospheric air, it fails to produce the excitement to which it owes the

name of ' laughing] gas ', but merely throws the patient very rapidly into

a condition of complete coma, attended with great lividity of the face, and

staring dilatation of the pupils, presenting a very alarming appearance when
seen for the first time, but, as experience shows, free from danger, subsiding as

rapidly as it supervened, and leaving in the great majority of cases no trace of

sickness or other unpleasant effects. The agent has recently been rendered

much more portable by keeping it stored in the liquid form in a strong cast-iron

bottle, from which, by turning a stopcock, the gas is supplied to an india-rubber

bag, large enough to contain about an average dose for producing insensibility.

When this is exhausted, the balloon can be refilled in the same way as often as

may be desired, and thus it is possible by a series of intermitted administrations

* See Lancet, August 20, 1870.
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to keep a patient under the influence of the gas for a protracted period. It is

questionable, however, whether nitrous oxide, if employed for producing long-

continued insensibility, would prove as safe as chloroform, and it is pretty

generally admitted that its legitimate place is for operations of very short dura-

tion. But for avoiding the brief but acute agony of tooth-extraction it appears

to be an unquestionable boon to humanity.

The benumbing influence of cold was brought into requisition several years

ago by Dr. James Arnott for producing local anaesthesia, by means of a freezing

mixture of pounded ice and common salt.^ The same object has since been

more efficiently attained by Dr. B. W. Richardson, by ingeniously availing

himself of the reduction of temperature occasioned by evaporation. Anhydrous

sulphuric ether intimately mingled with air in the form of spray is projected

upon the part by means of a suitable apparatus easily worked by the hand.

In a few seconds the skin upon which the spray plays suddenly assumes a snow-

white colour, implying that its surface is completely frozen. It is well to con-

tinue the application for a little while after this change has occurred, in order

to ensure the penetration of the effect to a sufficient depth. The frozen parts

may then be incised or operated on in any way that may be desirable, without

the slightest pain to the patient, and the tissues when thawed are generally as

well disposed for healing as usual.

This method is necessarily of limited application. It is only adapted for

superficial operations, and even for many of these the rigidity of the tissues

occasioned by congelation is inconsistent with efficiency of performance, as in

removing epithelial cancers, where the sense of touch is the principal guide for

the surgeon ; or, again, in taking away thin-walled atheromatous cysts, where

looseness of the surrounding cellular tissue is essential to satisfactory dissection.

Nevertheless there are many cases, such as the incising of a boil or the removal

of the nail of the great toe, in which this means of producing local anaesthesia

proves perfectly satisfactory. In operating on the extremities I have found

great advantage from restraining the circulation with a tourniquet, so as to

prevent the oozing of hot blood, which would otherwise interfere with maintain-

ing the frozen condition or extending it to deeper parts.

Part III. Written 1882

Since Part II of this article was written, twelve years ago, ether, on account

of its supposed greater safety, has to a large extent superseded chloroform

in the practice of many British surgeons. At the same time the manner of

^ See Lancet, October 30, 1858.
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administering it has undergone a remarkable change. Instead of a free admix-

ture of atmospheric air, such as is essential to safety in giving chloroform, partial

asphyxia is systematically combined with the toxic influence of the anaesthetic,

by making the patient breathe over and over again the same air contained in

a balloon of caoutchouc, a reservoir of ether being interposed between the

balloon and a closely fitting mask over the mouth and nares. This may for

convenience be termed the close method of administering ether, as distinguished

from all \-arieties of what we may call the open method, in which fresh air is

admitted with each inspiration. It was introduced by Dr. Ormsby of Dublin,

and was brought to great perfection by the late Mr. Clover. Various advantages

are claimed for it. It certainly greatly economizes the ether, and brings the

patient very rapidly under its influence. It is also said that by utilizing the

warmth of the expired air, and thus diminishing the great coldness of the in-

spired air occasioned in the open method by the rapid evaporation of the ether,

it prevents a chilling of the lungs which sometimes led to serious and even fatal

after-effects in the form of acute bronchitis or pulmonary oedema or congestion.^

There can be no doubt that this constituted a real danger of the open method.

A striking example of death taking place unusually rapidly from this cause is

given in the Lancet of April i of the present year (1882) from a report furnished

by Dr. Parsons, of New York, in whose practice the case occurred. A healthy

woman, fifty-four years old, had ether given for the reduction of a dislocation of

the shoulder of five weeks' standing, the operation lasting twenty-five minutes.^

She took the ether well, about 6 fl. ounces being administered. Five minutes after

reduction was eftected she took some water, and about an hour and a half later

Dr. Parsons left her apparently well. After the lapse of another half-hour,

however, the house surgeon found her cyanosed ; and in spite of active stimu-

lating treatment she died in the course of another hour. On post mortem
examination the organs generally were found healthy, but the lungs were deeply

congested. No mention is made of the mode of administration, but from

the quantity of ether used we may infer that it was some form of the open

method. Such occurrences are not generally published, but they would appear

to be by no means very uncommon. A case of death from acute bronchitis

after an operation on the eye for which ether was given by the open method

was mentioned to me lately by a surgeon in whose practice it occurred, and

who had no hesitation in attributing the fatal result to the ether. Mr. Hodges,

of Leicester, writing in the Lancet of July 15, 1882, says :
' As regards deaths

from ether, I make no doubt many occur which are never reported, for the

simple reason that the death, instead of being instantaneous (as in the case of

^ See Teale, British Medical Journal, March ii, 1882.
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chloroform), occurs some hours later from bronchitis. At any rate, there have

been two such deaths from ether at the Leicester Infirmar}- during the last

nine years, against two from chloroform in the same period. It is scarcely

necessary to remark that a fatal event brought about in this manner, though

less appalling, is as much a death from ether as if it occurred on the operating

table.

It would not be right, however, to look upon the close method as simply

the open method deprived more or less of the risks attendant on chilling of the

lungs. The close method is, as before remarked, a combination of partial

asphyxia with etherization, and constitutes a new departure in anaesthesia

which must be judged of independently.

From experiments which have been performed upon some of the lower

animals it has been inferred that there is an essential difference between ether

and chloroform as regards their action upon the heart : that whereas chloro-

form, after a brief period of stimulation, depresses it, ether for a long time fails

to produce any lowering influence, or even acts as a persistent cardiac stimulant,^

and this has been held to afford clear proof of the greater safety of ether.

There can, however, be no doubt that any agent capable of producing

anaesthesia must, if continued in operation for a considerable time, exercise

a lowering effect upon the whole vital powers. Ether, moreover, has its own
special risks. Its vapour has an irritating effect upon the air-passages, such

as is not caused by chloroform. Hence it increases the bronchial secretion,

and tends to produce asphyxial complications, so that even its warmest advo-

cates do not advise its employment when the respiration is serioush; embarrassed,

as in chronic bronchitis or emphysema. But asphyxia, even when carried to

a minor degree, has a depressing effect upon the circulation ; and accordingly

on reading reports of death from ether, we often find it stated that the pulse

and breathing ceased simultaneously.

In the close method of administration, anaesthesia being only parth- brought

about by the ether, asphyxial complications due to the action of the ether per se

are necessarily less than in the open method. But, on the other hand, the

partial asphyxia by which the action of the ether is supplemented in the former

method, has a lowering effect upon the circulation. Hence a stimulating action

of the ether upon the heart can by no means be reckoned on when this method

is employed. On the contrary, the pulse may become, within a very short

time, greatly reduced in force. This is illustrated b}^ the instructions which

accompany Mr. Clover's smaller inhaler as supplied by Messrs. Krohne and

' See Report of a Committee of the INIedico-Chirurgical Society, Med.-Chir, Trans., vol. xl\-ii,

1864, p. 335-
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Sesemann, in which the following sentences will be found :
' If any interruption

in the breathing occur, or // the pulse should he indistinct ' (the italics are mine),

' the face-piece need only be removed for one inspiration. The dark colour

of the blood is a less reliable test of the need of air than the symptoms mentioned.'

We cannot, therefore, be surprised to find that occasionally death takes place

under this method of administration by primary failure of the heart.

In the British Medical Journal ioi July 15 of the present year Mr. Lawson Tait

has put upon record what seems a perfectly clear example of such an occurrence.

The patient, aged forty-five, was sent to Mr. Tait to be operated on for a large

abdominal tumour. She was at first very anaemic and feeble, but improved
in the hospital, so that it was decided to proceed to operation. She was placed

under ether by means of Ormsby's inhaler, but before complete anaesthesia

liad been produced, Mr. Tait, who was observing the pulse, noticed that it had
disappeared. Meanwhile ' the breathing was perfectly regular and deep '. The
inhaler was at once removed, but in spite of artificial respiration, with lowering

of the head, the breathing rapidl}^ failed. ' Death took place at the heart at

least one minute before the respiration was interfered with.' On post mortem
examination the right side of the heart was found filled with clot, and the left

side empt}'. The muscular substance was not distinctly diseased, but the

organ was unusually small.

As a matter of physiological theory, supposing the heart to be diseased,

and therefore liable to have its rhythmical action suspended by comparatively

trivial disturbing causes, we could well understand that the unusual labour

thrown upon the right side of the organ by asphyxial impediment to the pul-

monary circulation might prove extremely serious, even in spite of a stimulating

action of the ether upon it.

With regard to chloroform I fear some of the more recent experiments upon

the lower animals have had an injurious practical tendency. vSince the time

of Dr. Snow we have understood that there is a most important difference in

the effects of chloroform according to the proportions in which the vapour is

mixed with the air inhaled : that when it is present in a concentrated form,

it acts as a deadly sedative upon the heart, but that when largely diluted

with the atmosphere, this effect is no longer observed, but if the agent is pushed

far enough to cause death, the respiration probably fails before the circulation.

Yet in the experiments conducted by the Committee of the British Medical

Association appointed to inquire into this subject, the question of the proportion

of the anaesthetic to the air seems to have been entirely neglected. Starting

with the assumption that chloroform, from its depressing influence upon the

heart, is more dangerous than ether, while ether is much less convenient for

administration, the attention of the Committee was chiefly directed to an en-

deavour to discover some agent intermediate between them in these respects ;
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and such they found, as they beheved, in ethidene dichloride, which they accord-

ingly recommended as preferable to either of the others. But in order to ascer-

tain the relative effects of the different substances upon the heart they used

them all in a very concentrated form, the air being in many of the experiments

made to bubble through the liquid contained in a Wolfe's bottle on its way to

a tube tied into the trachea ; so that, to quote the words of the Committee,
' the air passed into the animal's lungs was saturated with the vapour of the

substance used.' ^ Hence these experiments, though very interesting from the

new facts which they elicited regarding ' ethidene ', and valuable as respects

ether, by showing that it may be safely given, so far as the heart is concerned,

in a very concentrated form, have really little bearing upon the use of chloroform

in the human subject, where it is well understood that the agent must be given

largely diluted with air.

But these researches, by placing before the profession in an exaggerated

form the effects of chloroform as a cardiac sedative, have tended to foster the

idea that if chloroform kills, it always does so from the heart, and that the

pulse is the main thing to be attended to in its administration.

Against this pernicious error I have endeavoured in the earlier parts of

this article to raise an emphatic protest. I have pointed out how liable

the breathing is to become obstructed under chloroform, whether by the falling

back of a relaxed tongue or by closure of the valve of mucous membrane which

guards the orifice of the larynx ; and, further, how obstruction from either of

these causes may occur without premonitory stertor, in an insidious manner

requiring the utmost vigilance for its detection ; so that, unless the attention

is fixed upon the respiration, mere heaving of the chest and abdomen (which

will continue long after air has ceased to enter the lungs), though doing nothing

for the respiratory function, may be mistaken for effective breathing, the

patient meanwhile being exposed to the serious dangers which attend a com-

bination of asphyxia with the effects of chloroform. On the other hand, I have

contended that if the breathing is carefully observed, and the obstructions

referred to are removed as soon as they occur, due care being taken to avoid

pushing the agent beyond what is needful to produce its anaesthetic and relaxing

effects, the chloroform being given well mixed with the air by means of a folded

towel held loosely over the face, all fear of primary failure of the heart may be

dismissed from the mind.

The experience of the last twelve years has confirmed me in the soundness

of this doctrine ; and I venture to think it not undeserving of careful considera-

tion that in my hospital cases I have still entrusted the administration of the

* See ' Report on the Action of Anaesthetics,' &c., Brit. Med. Journ., December i8, 1880, p. 957.
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chloroform, not to a specialist or to a person of very large experience, but to

a succession of senior students, changing from month to month, whose only

qualification for the duty is that they must previously have served the office

of dresser, and that they strictly carry out certain simple instructions, among

which is that of never touching the pulse, in order that their attention may not

be distracted from the respiration. I have also systematically abstained from

making any preliminary examination of the heart, thus avoiding needless alarm,

which we know to have been the cause of some fatal events both with chloroform

and with ether.^ Such has been my practice since I first obtained the office

of full surgeon to a large hospital twenty-one years ago, and I have never had

reason to regret it.

During this long period I have often operated upon patients known to be

affected with disease of the heart, and among the rest there must necessarily

have been included many affected with fatty degeneration of its muscular

fibres, which is regarded as the most formidable condition with reference to

chloroform.

It happened not long ago that an elderly lady, whose mamma I removed
for scirrhus, died a few days after the operation from the singular complication
of perforation of the duodenum by an ulcer caused apparently by the irritation

of gall-stones. She had taken the chloroform quite well, but I found on post

mortem examination that the heart was affected with as extreme a degree of

fatty degeneration and at the same time thinning of the ventricular walls as

I could well imagine to be consistent with the maintenance of the circulation.

Such being my own experience, and well knowing how apt the adminis-

trator is to fail to notice the insidious obstruction of the respiratory passages,

I cannot help believing that in many of the cases reported in the journals where

primary failure of the heart is stated to have occurred, mere respiratory move-

ment without respiratory function has been mistaken for true breathing con-

tinuing after cessation of the pulse.

It is, alas ! true that I can no longer speak of never having had in my own
experience a death occasioned by chloroform. One unmistakable instance of

this fearful calamity occurred lately in my private practice. But the circum-

stances were such as seem to me to preclude the idea of syncope. They were

as follows :

—

A strong, healthy man, twenty-seven years of age, came under my care wdth
a lumbar abscess unconnected with the vertebrae. I proposed to open it under
chloroform, which was administered from a folded towel. The patient struggled

rather more than usual during the administration, which had not been carried to

* For an instance of death from fright at the commencement of the inhalation of ether, see Brit.

Med. Journ., November 17, 1877 ; case reported by Dr. Lowe, of Lincoln.
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the degree of producing muscular relaxation when he began to make a spurious
snoring or snorting noise, which is generally a sure indication that the patient

requires more chloroform. Mr. Watson Cheyne, who was giving the chloroform
for me, had, however, removed the cloth from the face, and I was about to

remark that this was an unnecessary precaution, when the patient fell into

a sort of epileptiform condition, attended with a state of spasm of the respirator\-

muscles and wide dilatation of the pupils, while the face was deeply livid. A-
no respiratory movements were going on, I had him drawn up on the tabl(

so as to make the head dependent, and commenced artificial respiration, while

the tongue was drawn forward with artery forceps. The chest, however, seemed
fixed in the state of expiration, so that compression of the thorax caused no
escape of air, while the drawing up of the arms equally failed to cause the en-

trance of any. I have frequently performed artificial respiration, but never
before met with such a state of things. Cold water was dashed upon the chest

and abdomen, and, whether as a consequence of this or not, two spasmodic
acts of inspiration took place, separated by a considerable interval. I opened
the trachea, but in the condition of the thoracic walls which I have described,

this procedure was in itself completely futile. Some little time having been
lost in vain attempts at artificial respiration, I passed down the trachea from the

wound a piece of wide india-rubber tubing several inches long, and by blowing
into this succeeded in inflating the lungs, as was indicated by rising of the

abdomen and very slight elevation of the ribs, and I continued artificial respiration

in this way for about half an hour in vain. The pulse had been observed to be
good just before the occurrence of the alarming symptoms. What its condition

was during their presence we were too much occupied to ascertain ; but the great

lividity of the face, and indeed of the whole body, clearly indicated that the heart

continued to drive imperfectly oxygenated blood through the vessels long after

the respiration had been arrested by muscular spasm. We obtained permission

to examine the heart twenty-four hours after death, and found its muscular
substance abundant and healthy, and its valves all competent. With the

exception of some spots of slight opacity on the mitral valve, it was a thoroughly
healthy heart. Its cavities contained fluid blood ; and this escaping on the

removal of the organ from the body, the relative amount in the cavities of the

two sides was not ascertained. I afterwards learned that the patient had been
in a state of extreme terror at the prospect of taking chloroform ; and I suspect

that this may have been the cause that determined the occurrence of the strange

state of nervous excitement which proved fatal to him. By a curious coin-

cidence it happened that the medical man who recommended this patient to

my care, on learning of our disaster, wrote to me stating that a short time pre-

viously he had met with a very similar state of epileptiform spasm of the

respiratory muscles in a man in whom he was examining a simple fracture

without chloroform. It lasted so long that my friend considered that it was
on the verge of proving fatal. Of course in my case the chloroform was the

cause of the fatal event, but my impression is that it would have been as likely

to happen under any other anaesthetic.

Quite recently the subject of the different effects produced by an anaesthetic,

according to the proportion which it bears to the air in which it is diffused, has
LISTER I J^
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been brought forward in an exceedingly striking manner by Monsieur Paul Bert.

Experimenting in a manner essentially similar to that adopted by Dr. Snow,

diffusing various quantities of the anaesthetic in air contained in a vessel of

known capacity, so large as to avoid all chance of asphyxial complications,

he has arrived at remarkable conclusions. So far as I can gather from the

very brief account which he has published [Comptes Rendus, Nov. 14, 1881),

he concludes that there is a certain percentage below w^hich chloroform fails

to produce any anaesthetic effect, however long it continues in operation
;

that there is another percentage, at or above which it proves mortal (' I'animal

iinit par mourir') ; and that betw^een these two definite proportions there is

a ' workable zone ' (' zone maniable ') which produces anaesthesia, but does

not kill ; and when the quantity of chloroform is such as to be about the middle

of this zone maniable, the animal is rapidly anaesthetized (' il est tres rapidement

anesthesie '), and yet may be safely left for an indefinite time in the same atmos-

phere (the experiment was sometimes continued as long as two hours), ' sans

qu'on ait a s'occuper ni a s'inquieter de lui.' Curiously enough, the smallest

mortal proportion was just double the smallest anaesthetic quantity ; and this

held for all kinds of animals, although the absolute amount differed for different

species. And the same law obtained wdth ether, bichloride of methylene, and

other anaesthetics which were made the subjects of experiment.

These views are so startling that, if it were not for M. Paul Bert's high

scientific reputation, we should be disposed to disregard them altogether. There

can, however, be no doubt of their great importance if correct, and I have

endeavoured to test their accuracy by some experiments similar to his with one

of the species which he employed, viz. the mouse, and though my experience

is very limited, being confined to results obtained from a single family of white

mice, yet it seems deserving of mention.

There were four young ones just ready to leave their dam, and I found,
as Dr. Snow had done, that the young animals of this species w^ere more tolerant

of chloroform than the adult. The creature was in every case introduced into

a large glass jar of known capacity, containing air through which a certain

percentage by weight of chloroform had been thoroughly diffused, assuming
one hundred cubic inches of air to weigh thirty-one grains, which for practical

purposes was sufficiently accurate.

Seven per cent.,^ which is the middle of Paul Bert's zone maniable for the
mouse, proved much too strong for my animals, causing complete arrest of

the breathing in one of the young ones in a quarter of an hour, though it recovered
on being at once withdrawn from the chamber. An adult, the father of the

' It is to be borne in mind that the percentage by weight is a totally different figure from the per-

centage by volume used by Dr. Snow and adopted in Part I of this article, the vapour of cliloroform

being 4-2 times heavier than air.
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family, was killed by the same percentage in four minutes, and, the chest being
at once opened, the heart was found to have entirely lost its irritability, failing

to contract when pricked with a needle. This percentage, then was clearly

within Paul Bert's mortal zone for these white mice. Four per cent. (4.9 beini;

the extreme lower limit of Paul Bert's zone maniahle for the mouse) caused
complete anaesthesia in three minutes and a half in another of the young
animals ; and this atmosphere being continued in operation produced a pro-

gressively lowering effect upon the breathing, which was reduced in the course

of one hour and twenty minutes from two hundred per minute to twenty-eight

shallow and irregular respirations, after which the animal died. The heart was,

however, found beating when the chest was opened twenty minutes later, and
the exposed organ continued to pulsate even for another hour, showing how
little its power had been affected by the chloroform in the more diluted state.

The experiments being continued on the following day, three per cent, of

chloroform rendered one of the young animals completely passive in two minutes
and a half ; and within four minutes it had brought the respirations down to

seventy-eight, and in the course of one hour and three-quarters reduced them
to about twenty feeble and irregular movements, after which they ceased
entirely, and did not recur, although the animal was withdrawn from the cham-
ber within two minutes and a half of their cessation. The more rapid anaes-

thesia and greater depression of the respiration occasioned by this smaller

percentage of chloroform are, I believe, to be explained by a feeble state of the

animal, caused by its having been the subject of the first experiment on the

previous day. The fact illustrates the different susceptibilities to chloroform

that may be presented by the same individual under different circumstances.

Two per cent., tried with another of the young mice, made the animal
stagger in about two minutes, but failed to produce complete anaesthesia in

an hour ; and at that time the respirations continued as high as one hundred and
sixty per minute. But after the lapse of another hour anaesthesia was found
to be complete, and the respirations reduced to eighty-six. In the course of

two hours more the breathing was further lowered to fifty-six, and it was evident

that death would occur in no long time if the animal were kept in the same
atmosphere. It was removed, and recovery took place, but only very slowly,

no movement of the limbs showing itself for nearly an hour.

Lastly, a percentage intermediate between those of the last two experiments
was tried, viz. two and a half. It produced anaesthesia somewhat slowly in

the young animal subjected to it, requiring a quarter of an hour for complete
relaxation. The respirations meanwhile had come down from about two hundred
to one hundred and sixty-eight, and, after the lapse of twenty-two minutes more,

had fallen to one hundred and four. The animal was now left unobserved in

the chamber for another hour, and at the end of that time it was found dead.

It will be observed that two and a half per cent., though it anaesthetized more
slowly, yet killed sooner than four per cent, had done on the previous day.

The subject of the experiment had, I fear, been weakened by being kept in

less favourable hygienic conditions since it was got from the dealer the day before.

The facts elicited by these experiments, though not numerous, seem to me
instructive. In the first place, they afford an illustration of Dr. Snow's impor-

M2
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tant principle, that there are two essentially different ways in w^hich chloroform

may kill, viz. by a directly sedative action on the heart when the chloroform is

in large proportion to tlie air, and by a suspension of the respiratory function,

while the heart is still acting, when the chloroform is largely diluted. They

also show how different individuals of the same species, and even the same

individual at different times, may differ in susceptibility to chloroform. And
in the third place they indicate, I fear, but too plainly, that we cannot by any

means trust implicitly to the existence of Paul Bert's three distinct zones. For

we have seen that a proportion of chloroform which produced anaesthesia so

extremely slowly that, if it was within the anaesthesic zone at all, it must have

been at its very lowest limit, nevertheless exerted a gradually increasing dele-

terious influence, tending at last to a fatal result. And when the proportion

was increased so as to make any approach to the ' very rapid ' anaesthetizing

effect which, as M. Bert tells us, characterizes the middle of the zone maniable,

a similar but more rapid deleterious action was observed, causing death con-

siderably within the two hours referred to by M. Bert. We see, therefore, that,

for those animals at least, there existed no efficiently anaesthetic mixture of

chloroform and air, w^hich could safely be left in continuous action for such

a length of time as is not unfrequently occupied by a surgical operation.

Hence, whether we regard the various degrees of susceptibility to chloro-

form shown by different individuals, or the sure though gradual lethal effects

of even the smallest proportion which suffices to be anaesthetic, I fear the pro-

posal which I understand M. Bert to make, that the zone maniable having been

ascertained for man, a corresponding atmosphere should be provided in a large

reservoir, from which the patient should be allowed to inspire continuously

throughout the duration of an operation, must be rejected as highly dangerous.

But, although I have thus failed to verify M. Paul Bert's precise conclusions,

yet I believe we owe him a deep debt of gratitude for his researches. The

experiments which I have conducted on the lines which he has laid down have

made manifest an important truth entirely new to me. I had always supposed

that a chloroform atmosphere sufficiently strong to produce anaesthesia would,

if continued, soon lead to a fatal result. Such certainly is apt to be the case

with chloroform administered by means of a folded towel. It once fell to my
lot to see a patient who had been left for only a few minutes with the cloth

lying over the face after full anaesthesia had been produced, in consequence

of the attention of the administrator having been distracted by other matters,

and I shall never forget the result. Respiratory movements had entirely ceased,

and the face had a deadly pallor, and for a w-hile it appeared as if the patient

was dead, though happily revival took place after protracted artificial respiration.
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And I have seen other patients thrown into a condition of distinct peril from

the same cause carried to a minor degree. Yet we have seen in the experiments

above recorded that, even in animals which seem to have been peculiarly sensi-

tive to the action of chloroform, atmospheres which produced anaesthesia in

a very few minutes did not cause death till they had continued in action con-

siderably more than an hour. Those atmospheres had the peculiarity of being

on the one hand, extremely mild, and, on the other hand, constant in quality .

and, assuming that effects more or less closely analogous would follow in the

human subject, it is clear that we ought to make a systematic attempt to attain

them. If for the fitful mode of administration by the folded towel, with atmos-

pheres perpetually oscillating between the needlessly strong and the uselessly

weak, we can substitute a method which shall give a uniform and at the same

time a mild anaesthetic air, we may anticipate very beneficial results. The

avoidance of the needlessly strong atmospheres can hardly fail to diminish the

chances of mishap from inadvertence, and this in two ways : first, by making

respiratory embarrassments less likely to occur ; and, secondly, by rendering

it far less dangerous to continue the administration of the anaesthetic when

the patient is fully under its influence. An equable exhibition of the drug

will also save time, and thus not only promote the convenience of the surgeon,

but also the comfort of the patient, since the after-effects of the narcotic are

more or less proportioned to the length of the period during which it has con-

tinued in operation.

Moreover, the facts which M. Paul Bert has elicited may well embolden

us to continue a steady administration of the chloroform after the patient has

been brought fully under its influence. For we know that, when complete

anaesthesia has been brought about, a very much smaller proportion of the

chloroform is needed for the maintenance of that state than was required for

its production : all that is necessary being to supply enough to compensate

for the elimination of the drug by the lungs and other emunctory organs. Hence,

if an atmosphere of the mild but constant character referred to, while effective

for the rapid production of anaesthesia, may in the lower animals be continued

for an hour or more of full strength without causing death, it seems only reason-

able to anticipate that, if the greatly reduced proportion that suffices for main-

taining anaesthesia were substituted when the patient had been fully subdued,

it might be steadily continued without danger for any length of time that might

be desirable. And I need hardly remark on the convenience that would result

from such an arrangement, as compared with the liability to partial recovery

with its attendant struggling in the middle of an operation, when chloroform is

given from the folded towel by any but very experienced administrators.
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But there is reason to believe that other important advantages will be

gained by more uniform administration. It would appear that there are serious

objections to allowing the patient to recover from time to time from the effects

of the chloroform. Dr. Kirk of Glasgow made, several years ago, some inter-

esting observations bearing on this subject, which have not yet been published,

but which he kindly allows me to refer to. He found that if a cat was placed

in a jar containing an anaesthetic mixture of chloroform \vith air, and removed

when it was only partially anaesthetized, and at once examined with the stetho-

scope, the pulse always made a sudden and considerable rise from the depression

which the chloroform occasioned, and not unfrequently this rise was followed

by a complete suspension of audible cardiac pulsations, lasting it might be for

an entire minute. If, however, the animal was retained in the jar till complete

anaesthesia was effected, such suspension of pulsation was never observed.

I am not aware that an^'thing exactly corresponding has been observed in the

human subject. But I have often seen great pallor precede vomiting under

chloroform, and it seems probable that this vomiting, and the depression

which accompanies it, have been due to the fitful way in which we have been

in the habit of giving chloroform with the folded towel. For Dr. Kirk, who

has paid great attention to this subject, informs me that he has never seen

vomiting occur under chloroform except during recovery from the anaesthesia.

And this experience is strikingly confirmed by Mr. Meredith, of the Samaritan

Hospital, who teUs me that he avoids vomiting during ovariotomy by giving

chloroform with Junker's inhaler, in which air is driven by Richardson's hand-

bellows through a bottle of the liquid, and thence into a vulcanite mask over

the mouth and nose, where it mixes freely with pure atmospheric air inhaled

through a valve in the mask. In this way the chloroform is given in a mild

and very uniform manner till the patient is fully anaesthetized, and afterwards

any approach to recovery is anticipated by the occasional use of the bellows.

And not only is vomiting prevented during the operation, but the further highly

satisfactory result is obtained that the patient is not affected to any material

extent with the after-sickness which formerly proved so serious in ovariotomy,

and induced Dr. Keith to abandon chloroform in favour of ether.

Vomiting under anaesthesia is a serious matter, requiring prompt attention

in the way of turning the head well to one side, in order to avoid the risk of

vomited matter passing into the larynx. Ether seems more liable to cause

vomiting during actual anaesthesia than chloroform, and several of the deaths

under ether which have been published have been from this cause. But after-

sickness appears to be much more frequent and more distressing with chloroform

administered by means of a folded towel than with ether ; and it will be a great
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point gained if this serious drawback, together with the depression that attends

it, can be got rid of.

Junker's inhaler acts admirably in experienced hands, but the working

of the bellows is a somewhat irksome business ; and there is, besides, the great

disadvantage of a special apparatus which may not be always at hand, and

which, if not in frequent use, is liable to get out of order. And I cannot but

think that, if the valve of the mask is not properly managed, there will be danger

of the chloroform being given in too concentrated a form.

A much more simple way of giving chloroform in a continuous and equable

manner is that of dropping it frequently, by means of a drop-bottle, upon a

flannel bag stretched over a wire frame, as was, I believe, first suggested by

the late Dr. Skinner, of Liverpool. The drop-bottle may be very simply made

by providing an ordinary bottle with a second cork traversed by a piece of glass

tube sufficiently small in calibre to allow only one or two minims to escape at

once when the bottle is momentarily inverted. Special drop-bottles of more

durable and convenient construction may be got from the instrument-makers
;

but for an emergency a cork, with a small notch cut out of one side, introduced

into a common bottle, will answer the purpose sufficiently well. Bv these

means chloroform may be given in a very steady, continuous manner ; and

some who are accustomed to this method speak very highly in its favour. But

Dr. Skinner's bag is needlessly large ; and from this circumstance, and also

from the very accurate manner in which it applies itself to the face by means

of an elastic band at its orifice, it must be apt, unless cautiously used, to accumu-

late too large a quantity of chloroform ; and I know that deaths have occurred

under its use.

A much smaller frame is also sold by the instrument-makers, with a corre-

spondingly smaller flannel bag, fitting, like Skinner's, accurately to the face.

This apparatus proved on trial amply adequate, anaesthesia being very rapidlv

induced, with extremely little consumption of chloroform. But, even though

so much smaller, the closely fitting bag seemed to me liable to the danger of

giving the chloroform too strong, especially when the breathing is shallow.

I therefore made trials with a piece of flannel stretched over the small frame,

but having an interval of about half an inch between its border and the skm

of the face ; and I found that a piece with an area of nine square inches arranged

in this way, and kept constantly moist with chloroform, failed to induce anaes-

thesia within a reasonable time in an adult male, but answered the purpose

well if a piece of rag was thrown lightly round the interval between the flannel

and the skin, so as to check, but not altogether prevent, the flowing away of

the heavy vapour of the chloroform. Thus I seemed to have arrived at an
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arrangement as near the lower limit of efficiency as was possible. And as there

is no special virtue in flannel, as compared with a single layer of linen of coarse

texture, I substituted for the frame and flannel the corner of a towel, pursed up

systematically into a concave mask to cover the mouth and nose by pinching

it together at such a distance from the corner that, when the pinched-up part

is held over the root of the nose, the corner extends freely to the point of the chin.

The cap formed in this manner being so arranged upon the face, chloroform

is graduallv dropped upon it till the greater part of it is soaked, the edges being

left dry to avoid irritation of the skin by the liquid ; and the moist condition

is maintained by frequent dropping until the requisite physiological effects are

produced ; the respiration being at the same time carefully watched with a view

to the instant adoption of the measures described at p. 144 in case of any

obstruction to the free entrance of air. When full anaesthesia has been pro-

duced, it is steadily maintained b}' dropping with about half the frequency :

for I find that half the quantity of chloroform per minute that is used for pro-

ducing anaesthesia is not far from the amount required for maintaining it.

Any one accustomed to giving chloroform with the folded towel or compress

has to learn to avoid the two extremes of applying the drop-bottle too seldom,

and putting on too much chloroform at a time.

In giving chloroform in this manner, it is of great importance to bear in

mind that the amount inhaled is proportioned to the surface which is moistened,

so that it would not be right to use an indefinitely large piece of towel for the

purpose. When the cap is made as above directed, large enough to extend

freely from the root of the nose to the point of the chin, the part which is mois-

tened during the production of anaesthesia has an area of about nine square

inches (that of a circle three and a half inches in diameter) in the case of the

adult male. But the apparatus is self-adjusting in so far that the cap varies

in dimensions with the face, which, again, is more or less proportioned to the

size of the body ; and thus, for example, a very much smaller evaporating

surface is provided for a young child than for an adult. It is further self-regu-

lating in this respect, that when the breathing is shallow, and the quantity

of air to be mixed with the chloroform consequently diminished, the percentage

of the chloroform is not correspondingly increased, because a much smaller

amount evaporates under those circumstances than when the air is moved
freely over the cloth in deep inspiration ; and further, when the vapour is not

drawn into the chest, its density causes it to flow away under the loose margins

of the cap, instead of accumulating as it would do under a closely fitting bag.

When the surface of the towel is restricted as above recommended, the

proportion of chloroform to the air inhaled is extremely small. In order to
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estimate this proportion, it is necessary to ascertain, on the one hand, how

much chloroform enters the lungs per minute, and, on the other hand, how
much air is inhaled during the same period. The former element is obtained

as follows :—The drop-bottle being graduated, the quantity of chloroform

employed for the production of full anaesthesia is determined by inspection,

and the number of minutes which have elapsed during the process is also noted.

The amount of chloroform which is known to be necessary to moisten the cap

being subtracted from the whole employed gives the quantity which has evapor-

ated from both surfaces during the time of administration ; and this divided

by the number of minutes gives the total evaporation per minute. Then,

allowing with Michael Foster that inspiration occupies about four-elevenths of

the whole respiratory period, this fraction of the total evaporation per minute is

that which was given off from both sides of the cap per minute during inspiration.

But this does not all really enter the lungs : a certain quantity of the heavy

vapour, particularly of that which comes from the upper surface, falls away

unconsumed, and this loss cannot be considered less on the average than a third

of the quantity given off from both surfaces during inspiration, so that two-

thirds of that amount is approximately the quantity of chloroform inhaled per

minute. In order to form an estimate of the quantity of air with which this

chloroform is mixed, I have carefully ascertained, by simple means which I need

not here describe, the number of cubic inches expired per minute by myself

and also by a healthy woman of about the average stature, both during tranquil

breathing in the recumbent posture and during the shallowest respiration which

it was possible to maintain for a minute together, so shallow, indeed, as to

produce serious discomfort from the hesoin de respirer. I also tried in my own

case the product of full breathing. The results were as follows :

—

For myself.

Deep respiration gave .... 1350 cubic inches per minute.

Tranquil respiration gave . . . 540

Shallowest possible respiration gave . 200

For woman of about average stature.

Tranquil respiration gave.... 360 cubic inches per minute.

Shallowest respiration gave . . . 235 ,, ,,

From these figures we can form a fair estimate of the amount of air taken

into the lungs per minute in any given case of administration ; and allowing

31 grs. for every 100 cubic inches, we calculate the percentage by weight of

the chloroform to the inspired air, bearing in mind, of course, the relation of
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the specific gravity of chloroform to the fluid measure employed. To take two

illustrations from actual practice :—A tall, middle-aged man of pretty stout

build was brought into a state of full anaesthesia in 4 minutes by means of

if f\. drachms of chloroform, or 138 grs. ; 25 grs. would be about the quantity

of chloroform remaining on a cap of the size used in his case, and if we allow

450 cubic inches as the amount of air breathed per minute—and this is a mode-

rate estimate—a calculation made as above indicated gives 49 as the percentage

of chloroform by weight in the inspired air, or 117 by volume. Again, a woman,

below the average stature and slightly built, was completely anaesthetized in

4^ minutes by means of ij fl. drachms of chloroform, or 104 grs. : and supposing

that 15 grs. remained on the considerabh' smaller cap used in her case, and

that she breathed 300 cubic inches per minute, we obtain 5-2 as the percentage

of the chloroform by weight, or 12 by volume. The mildness of these atmo-

spheres will be apparent when I state that M. Paul Bert's zone maniahle was,

for the dog, from 73 to 15 3 per cent, by weight, or 17 to 35 by volume, and

for the mouse, from 49 to 9-8 by weight, or 1-2 to 233 by volume, so that the

atmospheres used in the two cases referred to were considerably below the zone

maniahle for the dog and only just at the lower limit of that for the mouse.

Or the point will perhaps appear still more strikingly when it is borne in mind

that 5 per cent, by volume was that which Dr. Snow employed with his inhaler,

and 3^ per cent, by volume that which was recommended as the average atmo-

sphere by the chloroform committee of the Medico-Chirurgical Society.^ Even

in the case of extremely shallow breathing, an atmosphere as strong as that

recommended by the committee would probably never be reached by this method.

Persons less amenable to chloroform than the average yield to these mild atmo-

spheres if they are longer continued. Thus a lady who had often taken chloroform

from the folded towel or compress, and had been with some difficulty brought

under its influence, was subdued in the course of 7 minutes by means of 2^ fl.

drachms, or 207-5 grs., of chloroform. She was rather a large woman, and

allowing that 20 grs. were required for moistening the towel, and that she

breathed 400 cubic inches of air per minute, w^e find by calculation that the

percentage of chloroform which she inhaled w^as 5-3 by weight, or 1-26 by volume.

On another occasion, a somewhat larger cap being employed, she was anaes-

thetized in 4 minutes with 2 fl. drachms, or 166 grs., of chloroform, giving a per-

centage of 6-4 by weight, or 1-5 by volume. These are samples of several ad-

ministrations in her case, and I observed that when the milder atmospheres

w'ere used she was free from the short fit of laboured and spasmodic breathing

which invariably occurred when the larger cap with its stronger atmosphere

^ Vide Med.-Chiy. Trans., vol. xlvii, p. 353.



ON ANAESTHETICS 171

was employed. This may have been a mere coincidence, but it seemed to

indicate that the milder atmosphere, though more tedious in operation, was

the safer. But in cases which must be expected from time to time to arise,

in which the system is unusually tolerant of chloroform, when several minutes

have passed without any apparent effect being produced, there can be no

objection to making the cap somewhat larger, provided the administrator bears

distinctly in mind that he increases the strength of the chloroform atmosphere

in proportion as he enlarges the cap.

To return for a moment to the last case mentioned, I have to add that,

although she required more chloroform than the average of patients for the

production of anaesthesia, yet when this had been effected, it was maintained

by the steady use of a comparatively small amount. Thus on one occasion

she was kept perfectly tranquil for 12 minutes during what would have been

very painful procedures by the use of 2f fl. drachms of chloroform, giving a per-

centage of 3-75 by weight or 89 by volume, which is certainly an exceedingly

mild atmosphere.

This method is a little more troublesome than our old plan of holding a

folded towel over the face, and replenishing it with chloroform at considerable

intervals ; but the constant attention which it necessitates is an additional

element of safety. During the last five months I have proceeded on these

principles, and I have been much pleased with the results. The gradual manner

in which the chloroform is applied in the first instance makes the administration

extremely comfortable to the patient ; respiratory obstruction has been markedly

less frequent than formerly, even the falling back of a relaxed tongue being of

rare occurrence ; there has been, as a rule, remarkable immunity from vomiting

or after-sickness, and, except in one instance, no serious depression.

This exceptional instance deserves detailed mention on account of the

illustration which it affords of an important point in the preliminary manage-

ment of the patient. I operated on a delicate boy, twelve years of age, on

account of the dislocation of the upper end of the radius forwards of many
years' standing, removing the head of the bone and returning what remained

to its natural position, an operation of short duration, and attended with scarcely

any haemorrhage. Splints having been applied to keep the bone in position,

the chloroform was discontinued, when some tendency to vomiting showed

itself. While in this condition he was lifted into bed, and immediately on this

being done he fell into a state of collapse, which was for a short time sufficiently

alarming. The explanation of this most unusual occurrence appeared to be

afforded by the neglect of my orders that he should sleep the previous night at

the house where the 0])eration was to be performed at nine a.m., and have a cup
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of tea, without bread, at seven o'clock to stay the stomach ; a practice which

I have for many years adopted. It was only after the operation that I was

informed that he had taken nothing whatever since five o'clock the previous

afternoon, and that he had only been brought that morning to the house after

a pretty long journey through London. This exertion, with prolonged fasting,

combined with his weakly condition, sufficiently accounted for the symptoms

of depression. While it is desirable that there should be no solid matter in the

stomach when chloroform is administered, it will be found very salutary to

give a cup of tea or beef-tea about two hours previously.

If chloroform carefully given in the simple manner above recommended is

really as safe a means of producing prolonged anaesthesia as we possess, a con-

viction that such is the case will be a great relief to the majority of our practi-

tioners throughout the country ; all special apparatus being avoided, and selec-

tion of cases needless. For chloroform, if we are once satisfied of its safety,

has the grand advantage that it may be used alike for the infant and the aged,

and for those affected with pulmonary, cardiac, or renal disease. Wherever an

anaesthetic is demanded, chloroform is applicable.

For the treatment of alarming symptoms of collapse, whether due to idiosyn-

crasy in the patient or to want of due watchfulness in the administrator, the

practice suggested by Nelaton has proved of the greatest value. It is sometimes

spoken of as ' inversion '

; but all that is essential is to place the head at a con-

siderably lower level than the body generally. Of the practical efficacy of this

treatment no doubt will be entertained if we bear in mind the relief afforded

in faintness by placing the patient in a horizontal position, or, if he be sitting,

by depressing the head to the level of the knees ; or, again, the converse fact

of the occurrence of syncope on a patient sitting up for the first time after a long

and weakening illness. On mere hydraulic principles, indeed, the beneficial

effect of inversion would be inexplicable ; seeing that gravity, being equally

balanced in the arteries and veins, cannot of itself promote the flow through

the blood-vessels, except in so far as the increased pressure due to that cause

might lead to their distension and so to diminution of friction ; while in the

special case of the brain the enlargement of the vessels as a whole would be

effectually prevented by the circumstance of the organ being enclosed in an

unyielding box. But we know, from observations which I have published

elsewhere,^ that when any part of the body is raised, its arteries, large and small,

are thrown into a state of contraction through the vaso-motor nervous system
;

and conversely, when a part is placed low, its arteries become freely relaxed

' See an address on the Influence of Position on the Local Circulation, Brit. Med. Joiirn., June 21,

1879, reprinted at p. 176 of this volume.
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through the intervention of the same nervous agency, out of all proportion

to any effect which the increased pressure of the blood upon their walls through

gravity could occasion. We therefore understand how 'anaemia of the brain',

or languid flow through constricted arteries, may be caused by unwonted eleva-

tion of the head, and how relaxation of the cerebral arteries, and correspond-

ingly free flow of blood through them, may be induced by placing the head

unusually low.

I have myself seen some striking examples of the advantage of acting on

Nelaton's suggestion.

I once operated for fissure of the anus on a lady above middle life, who
was so exceedingly liable to fainting fits that two medical friends of hers who
were present had great dread of her taking chloroform. For my part, I believed

that if she was to be operated on at all, chloroform would prove advantageous

by protecting her heart from shock. It was accordingly administered, and she

took it perfectly well ; but before she was fully under its influence I yielded to

the entreaties of my colleagues, and against my own judgement proceeded to

the operation. As the knife passed through the sensitive part she ceased to

breathe, and became deadly pale. I instantly turned her round across the bed,

so that her head and shoulders hung over its side, and performed artificial respira-

tion by Sylvester's method. In a short time natural breathing recurred ; and

when it had continued for a while, I replaced her in the horizontal position.

No sooner was this done than the alarming symptoms returned ; but the}'^ were

again dispelled by a repetition of the same treatment. This time I took care

to keep the head dependent for a considerably longer period, and the result

was permanent recovery. In that case my belief was that a more complete

action of the chloroform would have obviated the collapse.

In another case no such explanation of the syncope was possible.

I had performed a trifling operation upon the arm of a delicate little girl

under chloroform in King's College Hospital. Nothing unusual had occurred,

and she was sent off on a wheeled couch to the ward, about thirty yards distant.

Whether she was made to sit up as she was lifted into bed (a thing which

ought never to be done) I do not know ; but she had hardly been placed

there when she fell into a state of collapse, and I was at once summoned.

Running to the ward, I found her face blanched, and respiratory movements

entirely absent. I immediately did as in the former case. No sooner was

her head placed dependent than a rosy colour suffused the white cheeks
;

and after a short time of artificial respiration by Sylvester's method, she was

breathing naturally.

I have had occasion to refer more than once to Sylvester's method of arti-
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ficial respiration. In it inspiration is effected by drawing up the arms above

the head till they are in a line with tlie trunk, and thus raising the ribs through

the medium of the muscles which connect them with the upper extremities
;

while expiration is produced b}' lowering the arms and pressing the elbows

firmly against the front and sides of the chest. I can testify to the great

superiority of this method over the old plan of merely compressing the thorax

intermittinglv, and trusting to its expansile elasticity for inspiration.

Inhalation of the vapour of a few drops of nitrite of amyl as a cardiac

stimulant is stated to have proved useful in some cases of collapse under chloro-

form. And in accordance with the exaggerated idea of the sedative influence

of chloroform upon the heart to which I have above referred, the admixture

of a small quantity of the nitrite of amyl with it has been suggested as a pre-

venti\'e of cardiac depression. The proposal has not, however, met with accep-

tance ; nor is it likely to do so, seeing that the nitrite, while a very potent agent,

seems to be inconstant in its operation.

The same dread of the depressing effect of chloroform upon the heart has

led some surgeons to use it mixed with ether, together with some alcohol to

produce complete blending of the two liquids. Deaths have, however, occurred

under the use of such mixtures, and we have no evidence that they are really

safer than undiluted chloroform carefully given.

The hypodermic injection of morphia a short time before chloroform is

administered has been recommended in Germany for some special operations,

on account of the remarkable result, which certainly follows such practice, that

the patient may be deprived of sensibility to pain, though still retaining con-

sciousness and voluntary motion ; so that he is able to assist the surgeon by
his own exertions. I understand, however, that a very serious depressing

influence upon the nervous system has been sometimes found to result from this

combination of the two narcotics.

A favourite method with some London practitioners is to begin by giving

nitrous oxide, and when anaesthesia has been rapidly produced in this way,

maintain it by means of ether. The patient is thus saved the discomfort of the

inhalation of ether, and I am not aware that any disadvantage attends the

preliminary use of the nitrous oxide, except the inconvenience of the necessary

apparatus, which practically must restrict this mode of procedure to dentists

and persons who devote themselves specially to the administration of anaes-

thetics.

Ethidene dichloride, or ethidene, as it is often called for the sake of brevity,

was recommended, as we have seen, by the Committee of the British Medical

Association. It happens, however, that in the trials which it has received on
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the human subject, fatal results have been proportionally more frequent than

with chloroform.

Bichloride of methylene, administered by means of Junker's inhaler, has

proved itself an excellent anaesthetic. We have, however, no proof of its

superiority over chloroform, either in safety of administration or immunity

from subsequent inconvenience. And it has the disadvantage compared with

chloroform, that it is an unstable compound when kept in contact with the air.



EFFECTS OF THE POSITION OF A PART ON THE
CIRCULATION THROUGH IT

Read before the Harveian Society of London.*

[British Medical Journal, 1879, vol. i, p. 923.]

Mr. President and Gentlemen.—Having been honoured by a request from

the Council that I would make some communication to this Society, I have

thought that no subject could be more appropriately brought before an asso-

ciation connected with the name of Harvey than some observations begun

several years ago, but hitherto unpublished, regarding the effects of the position of

a part upon the circulation through it.

Mv attention was first directed to this subject fifteen years since, when

I was engaged in endeavouring to devise a satisfactory method of excising the

entire articular apparatus of the wrist for the cure of carious disease. In that

operation, although no large arterial branches are divided, the very protracted

character of the procedure would render the oozing from small vessels a source

of serious loss of blood to the patient if it were allowed to go on unchecked.

Accordingly, I was led to deviate from what was then the ordinary practice

of restricting the use of the tourniquet to amputation, and employed the instru-

ment in the excision referred to. And I found that, when the hand was raised

to the utmost degree, and kept so for a few minutes, and then, while the elevated

position was still maintained, a common tourniquet was applied to the arm,

being screwed up as rapidly as possible, so as to arrest all circulation in the limb

and at the same time avoid venous turgescence, I had a practically bloodless

part to operate upon, and thus gained the double advantage of avoiding haemor-

rhage and inspecting precisely the parts with which I was dealing. And, having

found such great benefit from this bloodless method of operating in the instance

referred to, I extended it to other operations on the limbs.

In 1873, I was one day illustrating this subject to my clinical class in

Edinburgh by raising one of my hands to the utmost while the other was kept

dependent, in order to exhibit the contrast between them in redness, when

a sensation of chilliness coming on in the hand that was raised made me feel,

and at once express, the conviction that something more was occurring than

' The paper, as now published, embraces some considerations on wliich I did not enter at the time

of its delivery, and also some facts subsequently ascertained.
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could be explained by the mere mechanical effect of the position of the part

upon the blood in the vessels, and that the diminution of pressure upon their

walls resulting from the action of gravity upon their contained blood must

operate as a stimulus to the vaso-motor nervous apparatus of the limb, so as

to induce reflex contraction of its arteries.

I will now ask this man (with his arms bare) to raise one hand high into the

air, while the other hangs beside him. You observe at once the striking contrast

between the two. In the one elevated, not only have the veins entirely collapsed,

but the colour is almost that of the limb of a corpse. So white is the hand as

to imply that the minute arteries must surely be in the same state of extreme

constriction as occurs during syncope.

I will now apply to the arm close to the axilla a bandage of elastic webbing,

putting on the first few turns with firmness and rapidity, so as to avoid any

intermediate condition of engorgement through obstruction of the return by the

veins before the arteries are completely compressed ; while the later turns may
be put on, if we please, more leisurely and with less firmness, to ensure, by the

accumulation of the elastic force, complete maintenance of such constriction

of the limb as prevents all circulation. The elastic band having been fixed with

a pin, the limb is lowered and the man will stand aside for a few minutes.

I may state that, when Esmarch published his method of bloodless operating

—consisting, as my hearers are all aware, of first expelling the blood from the limb

by means of an elastic bandage wound firmly round it from the distal extremity

upwards, and then applying another elastic constricting band in the manner

you have witnessed just above the first, so as to prevent recurrence of circulation

on the removal of the latter—I thankfully adopted the use of the upper con-

stricting band in preference to the common tourniquet. I did so because the

elastic band has the great superiority over the inelastic strap of the tourniquet,

that it follows up any yielding that may occur in the soft parts subsequently

to its application, and thus prevents the necessity which we often used to find

with the common tourniquet, especially if the limb was swollen through inflam-

matory or oedematous effusion, of tightening up the instrument repeatedly in

consequence of recurrence of bleeding, attended on each occasion with venous

engorgement. But, while I gratefully accepted this part of Professor Esmarch's

procedure, I did not see suflicient reason for substituting his mode of emptying

the limb of blood by elastic bandaging for our former practice of trusting to the

elevated position. I shall recur to this point in the sequel.

Being desirous of testing with greater precision than was possible upon the

human subject the correctness of the view which I had been led to entertain

of the cause of the paleness of an elevated Hmb, I performed on November 29,

LISTER I N
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1873, the following experiment upon a horse. An arrangement having been

made by means of ropes and pulleys, one rope being connected with a broad

sling beneath the abdomen and others with the feet, so that the animal could

be either raised into the air with the feet dependent, or laid on its side on the

ground with the legs extended horizontally, or again placed on its back with the

feet drawn verticalh' upwards, chloroform being administered, I exposed, at the

lower part of one of the fore-legs, an artery about as large as the human vertebral,

situated along the outer aspect of the metacarpal bone.

In the elevated position of the limb, the wound proved almost absolutely

bloodless, closely resembling one in a dead animal ; and the artery was straight

and pallid, and no pulsation could be perceived in it. When the animal was

turned round so that the feet were dependent, the artery became much increased

in size, tortuous, red, and pulsating powerfully, and blood oozed freely from

the surface of the wound ; and when the limbs were placed horizontally, an

intermediate condition took place, both as regards the artery and the haemorrhage.

By means of suitable callipers, careful measurements were taken repeatedly

of the external diameter of the vessel in the different positions of the animal,

which, having had no chloroform administered after the conclusion of the cutting

operation, appeared to be in a normal state as regards the force of the circulation.

The accompanying diagram exhibits the results obtained, and also the section

of the artery after removal from the body, when it was found contracted to

almost complete obliteration of calibre.

You observe that, in the elevated position of the limb, the vessel was nearly

as small as it was in the state of extreme constriction. On the other hand,

in the horizontal, and still more in the dependent posture, the external diameter

became considerably increased. But, in order to judge of the augmentation

of the capacity of the tube for transmitting the blood, we must look to the area

of the internal calibre, which, having measured the thickness of the wall of the

artery after removal from the body, we have the means of estimating for the

various positions of the limb. For, the substance composing the arterial wall

being of course a constant quantity, the ring constituted by its transverse section

has always the same area, though varying in form, being thinned out as the vessel

expands. The area of the ring is calculated from the dimensions obtained

after removal of the artery from the body, viz. the external diameter and the

thickness of the wall ; and the area of the internal calibre for any other condition

of external diameter is simply the area of the corresponding circle minus the area

of the ring.^ The numbers in the diagram are hundredths of an inch, and the

' In truth, the increase of internal calibre in the dependent position is thus rather underestimated

because the tortuous form which the vessel then assumed implied a certain amount of increase in its
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drawings are accurate to scale, though magnified for convenience of represen-

tation
; and from these as well as from the calculated numbers, it will be seen

that, when the limb was horizontal, the area of the internal calibre was more

than three times as great as in the elevated position, and that, when it was depen-

dent, the capacity of the tube was increased about sevenfold.

The more we consider these facts, the more clear is it that they cannot be

accounted for as merely mechanical results of diminution and increase of the

pressure of the blood upon the arterial walls, in consequence of the different

effects of gravity upon the fluid in the tubes in different positions. The arteries,
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in any given state of contraction of their transversely arranged muscular fibres,

are by no means disposed to yield readily in the lateral direction to increase,

of pressure from within. This is evident from the fact that they are not in-

creased in diameter by the successive strokes of the powerful muscular pump,

the heart. The surgeon, when tying a large arterial trunk in its continuity,

does not find, on clearing the vessel of its sheath with the point of his knife,

that he is dealing with a body that swells at every pulse, but with one of unvarying

dimensions. And, in the experiment on the metacarpal artery of the horse

above referred to, no changes in the transverse measurements were noticed so

long as the limb was maintained in any one position.^ If any increase do occur

length ; so that the material composing its wall was thinned out, not only in consequence of lateral

expansion, but also to some slight degree through longitudinal stretching.

Professor A. W. Volkmann, in his valuable work, Die Haemodynamik, relates experiments which

he made by forcibly injecting water into portions of arteries removed from the body, proving that they

yielded in the transverse direction even more than in the longitudinal to pressure from witliin. But

Volkmann wrote before the discovery of the vaso-motor nervous system (he published in 1850), other-

wise he would have been well aware that his experiments on dead animals left out of account altogether

the most important element in this question, viz. the muscular contraction of the vessels as distinguished

from mere elasticity. Volkmann admits that, when an artery is laid bare in the living animal, the only

perceptible evidence of expansion of the vessel during pulsation is the tortuous form assumed by it

at every pulse in consequence of longitudinal stretching, and that the transverse distension which he

supposes to take place on theoretical grounds is inappreciable. Even in the dead \-essel, he could

N 2
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in the diameter of an artery in systole, it is inappreciable by ordinary methods

of measurement.

Yet, the increase produced in the pressure of the blood upon the arterial

walls by the ventricular contractions is certainly very great. When the coronary

artery of the lip is divided in a child in the operation for hare-lip, the little

fountain of blood that springs from the cut vessel may be sometimes seen to

rise about twice as high in systole as in diastole, implying that even in so small

a branch, in spite of the equalizing tendency of the elasticity of the tubes of

transmission, the systolic pressure of the blood is double the diastolic.

The tracings given by the recording haemodynamometer, and reproduced

in modern physiological works to illustrate the variations of the blood-pressure,

though very interesting in some respects, are entirely untrustworthy as indi-

cations of the relative pressures of systole and diastole. For, in all such

instruments, the apparatus opposes more or less resistance to the altering pres-

sure, and time is required to overcome that resistance, so that rapid variations,

such as those of the cardiac pulsations, are most inadequately represented.

With reference to the present inquiry, I was anxious to obtain definite

information on this important point ; and it occurred to me that this might be

simply and surely done by making the blood write its own record, by means of

a stream issuing from a minute orifice in a tube tied into an artery, the projected

blood being allowed to fall upon a horizontal sheet of paper drawn smoothly

past the animal. By such an arrangement, the effects of the varying degrees

of pressure of the blood would be observed untrammelled by any resisting

apparatus ; and, as the range of projection is directly proportioned to the

projecting force, a comparison of the distance to which the blood was thrown

not obtain evidence of transverse yielding by measurement with the compasses, but only by calculation

from the observed increase in length which the vessel experienced when over-distended with hquid,

together with the increase in the volume of the tube, as indicated by the additional weight of water

which it admitted, vide op. cit., pp. 407, 422, and 423. The impressions conveyed to the finger in

feeUng the pulse, and also the indications of the sphygmograph, are no evidence of expansion in the

cyhndrical tube. In both cases, pressure is made upon it, producing a more or less oval condition of

the transverse section of the vessel ; and the impulse experienced is essentially the result of a tendency

to restoration to the circular form as the blood-waves pass through the constricted part. A precisely

similar pulse is produced in a cylindrical tube of inelastic but flexible material, through which a fluid

is forcibly driven in a jerking stream. In an actual experiment made to illustrate this point, the in-

elastic tube was formed of a strip of thin macintosh cloth, \vith its edges stitched closely together.

One end of this tube was connected with a piece of caoutchouc tubing, through which water was driven

by a force-pump, while the other end of the inelastic tube was continued in another piece of caoutchouc

tubing, the distal end of which had a somewhat narrow glass tube tied into it to simulate the resistance

in the capillaries, and ensure a continuous though jerking stream by bringing into play the elasticity

of the caoutchouc and of the air in the air-chamber of the pump. At every stroke of the pump, the finger,

placed on the inelastic tube of macintosh, experienced a sensation exactly similar to that in feeling

the pulse. When the pulse is visible in the human subject, the appearance is unquestionably caused

by the movements of the vessel, as it becomes alternately curved and straightened in systole and diastole.
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in systole with the distance in diastole, as indicated by the curve formed by the

drops sprinkled on the paper, would afford perfectly trustworthy evidence of

the relative amounts of systolic and diastolic pressure. In an experiment of

this kind performed upon a dog under chloroform, but with the circulation very

active, a curved glass tube being tied into the external carotid, with an orifice

only 0075 of an inch, so small in proportion to the calibre of the common carotid

that the outlet could not materially affect the blood-pressure, the stream which

issued from the tube, inclined at an angle of about 45 degrees, was projected

twice as far in systole as in diastole. And very similar results were obtained with

a tube tied into the common carotid of a rabbit operated on without anaesthesia.^

We are, therefore, not far wrong in considering the pressure of the blood upon the

walls of a considerable artery as doubled, in normal circulation, through the

contraction of the ventricle.

-

Now, we have no reason to suppose that the elevation of the leg of a horse

from the horizontal to the vertical position, or vice versa, would produce a greater

difference than this in the pressure of the blood upon the arterial walls. The

original manometrical experiment of Stephen Hales, though performed with

comparatively rude apparatus, is strikingly illustrative of this point. Having

tied into the femoral artery of a horse a brass tube adapted to a long one of glass

held in the vertical position, he found that the blood rose in the glass tube to the

^ Dr. Burdon-Sanderson has pointed out to me that I have not been the first to make the blood-

stream write its own record upon paper. In 1 874, which is before the date of the experiments mentioned

in the text. Dr. Leonard Landois of Greifswald pubUshed, in Pfliiger's Archives for Physiology, an account

of what he terms Hamautographie, and gave photographic representations of tracings obtained by
drawing a piece of paper past an animal in which he had opened an artery, so that the stream of blood

was received upon the paper. These tracings are very beautiful, especially from the light they throw
upon the phenomenon of dicrotism of the pulse and the respiratory curv^e, but they were not designed

to estimate the relative force of systolic and diastolic pressure, and no inference can be drawn from

them with reference to that question. Instead of having a tube tied into the artery with an orifice so

small as to have no appreciable effect upon the tension of the blood in the vessel, as in my experiments,

the stream was allowed to flow from the divided artery either directly or through a tube of uniform

cahbre inserted into it to prevent closure of the orifice ; and instead of having the paper placed hori-

zontally at a given distance from the artery, to show the range of projection, he held it perpendicularly

to the stream, and no mention is made of its distance from the vessel.
'" It may perhaps be objected, that the results of the experiments described in the text cannot be

taken as a fair indication of the increased pressure upon the arterial walls in systole, because, in the

actual circulation, motion of the blood is produced as well as tension, whereas these two efiects are

confused together in the experiments, inasmuch as the stream which issues from a tube tied into an

artery is the result of the entire force of the heart. This would be a vaUd objection if the actual amount
of the tension upon the vascular parietes were the object of inquiry, but it has no force whatever against

an estimate of the relative amounts of the systolic and diastolic pressure ; or, to speak more strictly,

the increase of tension in systole is underestimated by the method of experimenting ; because, when
fluid is injected through a tube offering a certain amount of resistance to its passage (as is the case in

the vascular system), an increase of the force with which the liquid is injected produces less propor-

tionate increase of motion than it does of tension ; and, therefore, a method of experimenting which

represents the effects of the entire force of the circulation, without distinguishing between motion and

tension, underrates the increase of tension at the higher pressures.
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height of 9 ft. 8 in. above the level of the left ventricle/ whereas the distance

from the level of the heart to that of the metacarpal artery, where I operated,

is only about four feet. That is to say, the column of blood from the level of the

heart to that of the artery, when the limb was raised, had not half the height

of that which the force of the heart was able to sustain in one of the main

arterial trunks. Now we know that the pressure of the blood is not materially

less in arteries of secondary dimensions, like the metacarpal, than in the main

trunks.- And therefore the raising of the limb into the vertical position could

not, as the mere result of the action of gravity upon the blood, diminish the

pressure of the fluid upon the arterial wall by as much as one half ; or, conversely,

the putting the limb down again could not do so much as double the pressure

of the blood upon the vessel.

Seeing, then, that the doubling of the pressure which results from the

contraction of the ventricle has no appreciable effect upon the diameter of an

artery, it appears clear that the great alterations in the size of the metacarpal

artery of the horse which resulted from var^dng the positions of the limb cannot

be explained on mere hydrostatic principles, and that, in order to account for

them, we must admit contractions and relaxations of the muscular coat of the

arteries in obedience to nervous action.

That the force of the heart is amply adequate in the human subject to

drive the blood freely through the vessels of the distal parts of a limb, in spite

of the elevated position, provided that the arteries are relaxed, I shall now have

the means of plainly demonstrating. The constricting band has been on this

man's arm for eight minutes, yet, thanks to its efficacy as a tourniquet, the limb

remains as pale and corpse-like as when the application was made, although he

has kept his hand down in the interval. I shall now ask him to raise the hand

again to the utmost degree ; and, while it is so placed, I shall remove the elastic

bandage. This having been done, you observe that the skin of the hand is begin-

ning to show patches of redness, and now, a few seconds more having elapsed,

even the finger-tips, as well as the rest of the limb, are of florid red hue. The

' See Statical Essays. By Stephen Hales, D.D., F.R.S. 1769.
^ Poiseuille, the inventor of the mercurial haemodynamometer, believed, as the result of his experi-

ments, that there was no appreciable difference in blood-pressure between vessels of much greater

divergence in size. Thus, in one of his experiments (see Poiseuille, Recherches siir la Force du Ccenv, &c.,

1828, p. 36), he found that the mercury rose to the same height in the haemodynamometer in the

carotid of a horse as in a muscular branch of the femoral only two milimetres in diameter, whereas

the metacarpal artery on which I operated had fully two and a half times that dimension. Marey,
indeed, states {Circulation du Sang, 1863, p. 150) that the mean tension of the arteries decreases

as the vessel is situated further from the heart, and as its calibre diminishes. But, though this is no
doubt strictly true, yet it is allowed by physiologists that ' the fall ' in pressure ' is a very gradual one
until the smallest arteries are reached ' (Michael Foster, A Text-hook of Physiology, second edition,

1878, p. 102).
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veins, you see, remain collapsed, the blood being continually drained out of them
by the action of gravity ; but the arteries, in spite of that action, instead of

being empty or nearly so, as they were when the limb was previously elevated,

are distended even to the remotest capillaries. He will now raise the other

hand, and you observe the extraordinary contrast between the two limbs, both

in the elevated position, the hand last raised becoming as pallid as the other

did before the elastic band was applied.

It is worth while to consider shortly how it is that the constricting bandage

gives rise to arterial relaxation. It is well known that troublesome after-bleeding

not unfrequently follows the application of Esmarch's bloodless method. This

is commonly attributed to a temporary paralysis of the vaso-motor nerves, in

consequence of the pressure to which they have been subjected. Now, in the

experiment which you have just witnessed, one of the two factors in Esmarch's

method which might be supposed to have such an effect—viz. the tight elastic

bandage, applied from the distal extremity upwards, and temporarily com-

pressing the branches as well as the trunks of the nerves—is absent ; so that

we have mxcrely to consider the effect of the constricting band upon the nervous

trunks at the root of the limb. It is no doubt true that in the arm, where the

soft parts are in small proportion to the cylindrical bone, if, instead of an elastic

bandage, an india-rubber tube be employed as the constricting agent, in accor-

dance with Esmarch's original proposal, the concentrated pressure so exerted

may, in case of a protracted operation, lead to paralysis of a very troublesome

if not serious character, both of motion and sensation. But if we follow Esmarch's

more recent advice, and diffuse the pressure by using the broad bandage, no such

effects are observed. I have tried the experiment upon myself, and I have

found that the bandage, applied sufficiently firmly to arrest all circulation and

sufficiently long to produce the after-blush in the raised limb, did not affect

in the slightest degree either the sensation of my hand or the motor power of

the forearm. And as there is no reason whatever for believing that the vaso-

motor fibres in the trunks of the nerves are more likely to suffer from com-

pression of those trunks than the sensory and voluntary motor fibres, the theory

of paralysis from compression falls to the ground. That which seems to me to

be probably the true explanation is, that when a part has been deprived for

a while of circulation, the want of the vital fluid creates in the tissues a demand

for a supply of it, and that this demand operates upon the vaso-motor nervous

apparatus of the limb as a stimulus inducing arterial relaxation, in a manner

perhaps analogous to that in which the ' besoin de respirer ', as the French

have termed it, produces a stimulus to the respiratory nervous system. We
know that in the case of the arteries different stimuli produce different effects

;



i84 EFFECTS OF THE POSITION OF A PART

cold inducing reflex arterial contraction, while heat occasions, equally through

the nervous svstem, a relaxation. According to this view, then, the necessity

for circulation, if I may so express myself, is a stimulus to dilatation which,

when sufficiently urgent, overpowers the stimulus to contraction occasioned

bv the diminution of pressure upon the vessels in the elevated position. And,

as a matter of fact, we find that the after-blush is greater the longer the time

during which circulation has been arrested, although without an^^thing to indicate

nervous paralysis. In complete harmony with this view are the phenomena

observed in a limb after ligature of its main artery. When the femoral is tied

for popliteal aneurysm, the first effect upon the foot is pallor and coolness ; but,

after the lapse of some hours, the converse condition of abnormal redness and

heat supervenes. Here there is certainly no interference with the nerves, but

the usual supply of blood is in the first instance notably diminished ; and, as

a consequence of this, long before there has been any possibility of organic

increase in the vessels, the anastomosing branches become so much dilated as

to more than compensate for the obstruction of the principal source of supply.

This effect can only be brought about through the nervous system ; and the

most natural explanation seems to be that deficient circulation in a part continued

for a considerable time comes to operate as a stimulus to arterial relaxation.

I have now to mention an experiment which any one may easih' perform

upon himself, but which, though extremely simple, is not on that account the

less instructive. But first let me state the considerations that led me to it.

If the contraction of the arteries of an elevated limb were really the result of

an action of a particular part of the nervous system, it might be expected that,

on the cessation of the stimulus that evoked it, an unusual relaxation would

ensue, corresponding with a period of repose of the nervous apparatus concerned
;

and that this would be more marked the greater and more protracted had been

the effort. Supposing, then, that the hand were raised after the circulation had
been brought into full activity by brisk exercise, with the heart working power-

fully and the arteries generally in a state of considerable dilatation, if, in spite

of these unusual obstacles to arterial contraction, pallor of the limb should

result from the elevated position, it might be anticipated that, when the hand
was again lowered, it would not only resume its former redness, but acquire for

a while a deeper tint than the other, which had been kept dependent throughout.

My first trial of this kind was made just after I had been walking with great haste

to catch a train, when my heart was beating with unusual vigour, and my hands

were of florid colour. Having raised my left hand, I saw it become, within half a

minute, very pale, and on putting it down after it had been a minute in that

position, I observed it grow, within a quarter of a minute, much deeper in arteri-
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ally red tint than the right, a difference which gradually passed off, so that,

in the course of one minute and three-quarters, the hands were again of equal

colour. Two minutes later, I repeated the experiment, and this time kept the

left hand raised for two minutes, and then, on lowering it, found it to become in

ten seconds much redder than the other, which had been suspended the whole

time ; and, just as might have been expected after the more protracted action

of the nervous apparatus, the repose was longer in duration, so that, even after

two minutes and twenty seconds, when I was obliged to start for the train,

the left hand was still slightly the redder of the two. Now such a result as this

was entirely contrary to what could be explained as a consequence of mere

hydrostatic laws. If the arteries had been simply emptied in the elevated

position by the force of gravity, all that could have resulted on restoring the limb

to the dependent posture would have been a return more or less rapidly to

the previous condition of vascular fullness. And it is an interesting fact that

the veins, though comparatively thin-walled, and much more readily distensible

than the arteries, do not at once recover their former size when the elevated

limb is lowered, but remain for a while markedly less turgid than those of the

other hand, even when, through arterial dilatation the colour of the skin is not

only more florid but manifestly darker. Hence this apparently trivial experi-

ment, if duly considered, seems to me of itself sufficient to prove the truth of

the doctrine for which I am contending.



ON THE APPLICATION OF A KNOWLEDGE OF

HYDROSTATICS AND HYDRAULICS TO PRAC-

TICAL MEDICINE '

Abstract of an Address delivered before the Medical Society of University College, London
on October ii, i88j.

[Lancet, 1882, vol. ii, p. 638.]

Referring to Mr. Beck's remark, in his excellent introductory lecture,-

that physiology is the application of chemistry and ph3'sics to the study of life,

Mr. Lister said that it would naturally be expected that physics would be one of

the subjects in which medical students would be compelled to show a certain

amount of proficiency. By the latest regulations of the Medical Council students

could be registered without giving evidence of any knowledge of physics, and as

this subject was not required by the Royal College of Surgeons, these students

could, and no doubt would, become registered practitioners without such

training. In view of this, he proposed to show some of the practical uses in

medicine of a knowledge of the simple facts of hydraulics and hydrostatics.

]\Ir. Lister then first referred to the fact that fluid always maintains

the same level in communicating tubes of different calibre, and from that

passed on to describe the * hydrostatic paradox ' and the Bramah press. As

a practical application of this principle he adduced the treatment of a wound
of one of the palmar arches. In such a case it was necessary to enlarge the wound
sufficiently to see the exact bleeding-point, and to place the apex of a graduated

compress exactly on this point ; for if the compress were inaccurately applied,

tlie blood finding its way out of the wounded artery would convert the wound
into a kind of Bramah press, and either force up the compress or distend the

interstices of the softer tissues. From this Mr. Lister passed on to consider

some of the simpler facts about fluids in motion. For this purpose he had a vessel

of coloured water raised above the table, from which depended a rubber tube

connected at its end with a fine glass nozzle. Allowing the fluid to flow through

this apparatus, he noted the height of the jet of water, and then replaced the

middle of the tube by an equal length of tube of double the diameter and four

' Note by Lord Lister, April 1908 : The account of this Address here given was published without

my authority, and, though fairly accurate as a condensed report, is, as was natural under the circum-

stances, very imperfect.

* Lancet, 1882, vol. ii, pp. 559, 607.
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times the capacity, and pointed out that, the force remaining the same, the

height of the fountain of fluid was practicaUy the same. He used this experi-

ment to show that large varicose veins do not increase the labour of the

heart or impede the return of blood to the heart, and that those writers

who made such statements were evidently ignorant of simple physical laws.

He next held the tube at various elevations, and showed that the position

of the tube did not influence the height of the fountain or the flow of

blood through the tube, and therefore the effect on the blood circulation

of raising or depressing a limb could not be explained on simple hydraulic

principles, except in so far as the increased or diminished blood-pressure might

cause distension or shrinking of the blood-vessels. And how were the facts

to be explained, that raising the head of a debilitated patient may cause syncope

and anaemia of the brain, and depressing the head of a fainting person will

infallibly cure the faintness and restore the circulation in the brain ? What
was wanted was relaxation of the arteries ; the mere action of gravitv would

tend rather to the dilatation of the veins, and as the brain is contained in a closed

rigid cavity, it was impossible to explain the facts on mere hydraulic principles.

Mr. Lister stated that many years ago he had a horse slung and laid bare one of

the metacarpal arteries ; if, now, he were held with the foot dependent the

wound bled freely, and the artery was dilated and pulsated freely, while when

the horse was inverted and the hoof raised in the air the wound ceased to bleed,

and the artery contracted and ceased to pulsate visibly ; in the horizontal

position the condition was intermediate. Stephen Hales, who was a vivisector,

though a divine, had shown that the blood-pressure in the carotid of a horse

raised a column of blood seven feet high, and it was clear, therefore, that the

effect in Mr. Lister's experiment was not due simply to the action of gravity.

Further, when a large artery, such as the femoral, is exposed for the purpose

of applying a ligature around it, the vessel is seen to be of a constant size ; the

pulse does not affect its calibre even when it is measured accurately b}' calipers
;

the vessel becomes slightly elongated, but the circular muscular fibres do not

permit of lateral yielding of the vessel to any degree, and yet the blood is altered

enormously during the cardiac systole. In reference to this, Mr. Lister warned

his hearers against being misled by certain pulse-tracings in ph3-siological

works, in which the effects of respiration on the pulse were shown by large curves,

and that of the cardiac systole by only short notches in the line, as if the effect

of respiration on the arterial pressure was much greater than that of the heart.

The explanation was that the effect of the heart's contraction took some time

to show itself, and before it was fuhy recorded by the apparatus it was inter-

rupted by the diastole. He had himself, many years ago, performed the
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following experiment :—Tying into the external carotid artery of a dog a glass

tube with an aperture less than one-hundredth of an inch in diameter (so that

the loss of blood should be insignificant), he directed the tine fountain of blood

on to a sheet of white paper, which was regularly moved along ; in this way

a tracing was made by the blood itself, which showed that the arterial pressure

during the systole was double that during diastole.

From these facts it is evident that we must look to the vaso-motor system

to explain the cause and cure of a fainting-fit by position of the head, and the

effects of position upon the blood-flow. When a limb is raised, blood flows

down by gravity and the veins are relaxed, and we can imagine that an afferent

stimulus is thus excited which, reflected along the vaso-motor nerves, contracts

the arteries. If, however, the tissues are kept for a long time ill supplied with

blood, there is such a demand set up for this fluid that the vessels dilate even in

spite of the elevated position of the limb, which originally caused anaemia.

This was illustrated by the well-known experiment of keeping one arm raised

above the head and the other dependent, the former becoming pale and the

latter turgid. An elastic band was then rapidly wound round the upper part

of the elevated arm, and when, after a few minutes, this was removed, the whole

limb became suffused and redder than its dependent fellow. Illustrations of

the working of this principle were to be seen in the sequence to the ligature

of a large artery, the limb at first becoming cold and pale from mechanical

cutting off of the blood-supply, and then hot and suffused from dilatation of the

vessels as a result of tissue-starvation. For the same reason, in piles and

affections of the pelvic viscera raising the lower limbs gave great relief, for the

contraction of the arteries was not limited to the limbs, but spread to the vessels

of the pelvis. As a further instance, he mentioned the case of a man who
suffered extreme pain in his testicles when in an upright position, but was imme-

diately relieved by sitting down and putting up his feet. Raising the arms

above the head too was a well-known means of stopping epistaxis, and suc-

ceeded, because the contraction of the arteries of the arms spread by sympathy
to those of the Schneiderian mucous membrane. Mr. Lister concluded by stating

that he hoped that the few illustrations he had been able to give would show

the value of a knowledge of hydrostatics and hydraulics, especially as indicating

where physiological effects were produced by other than physical causes.

i



ON THE COAGULATION OF THE BLOOD
IN ITS PRACTICAL ASPECTS

The Annual Oration to the Medical Society of London, delivered ^lay 4, 1891.

[British Medical Journal, 1891, vol. i, p. 105.]

Mr. President and Gentlemen.—Thirty years ago, Dr. Alexander

Schmidt, of Dorpat, enunciated a totally new view of the coagulation of the

blood. Having rediscovered the fact observed many years before by Dr. Andrew
Buchanan, of Glasgow,^ that hydrocele fluid—uncoagulable in itself—is made
to coagulate by the addition to it of the serum of blood already coagulated, and

pursuing extended researches in the line thus indicated, he came to the conclusion

that fibrine does not exist as such in solution in the plasma, but is composed of

two albuminoid substances, one present in the liquor sanguinis, to which he gave

the name of fibrinogen, and the other a constituent of the blood-corpuscles,

and this he termed the fibrinoplastic substance.^

It might be objected to Professor Schmidt that the hydrocele fluid and the

various dropsical effusions with which he had worked were not fairly comparable

to liquor sanguinis ; that they were transudations through the walls of vessels,

and that the liquor sanguinis might have become in one way or another altered

in the process of transudation. This objection was, as I believe, removed by

an observation made by myself about the same period.^ It had fallen to my
lot to observe that in mammalia, whereas the blood usually coagulates soon

after death in the heart and the main vascular trunks, in the secondary vessels

it remains fluid for an indefinite period, and that not only in those of small

calibre, but, if the animal be large, in large vessels also. This being understood,

I proceeded as follows : Having removed a portion of the jugular vein of a horse

with the blood contained in it, between two ligatures, I suspended this segment

of the vein in a vertical position. In the blood of the horse, the red corpuscles

behave in a totally different manner as regards their aggregation from those

of a healthy man or of the ox. In the horse, instead of the red corpuscles

' Proceedings of the Glasgow Philosophical Society, February 19, 1845.

* Archiv fiir Anat. Phys., &c., 1861 and 1862.

' The Croonian Lecture, by the author, ' On the Coagulation of the Blood,' Proceedings of the Royal

Society, 1863, p. 606 (page 109 of this volume).
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assuming the condition of a delicate network of rouleaux, they become aggre-

gated into dense spherical masses, often visible to the naked eye, like coarse grains

of sand ; and these densely aggregated corpuscles, falling more quickly than the

rouleaux in the liquor sanguinis, as hailstones fall more rapidly than snow-

tiakes, soon leave the upper part of the fluid comparatively free from corpuscles
;

so that within about half an hour the upper third, or it may be half, of the blood

is a transparent liquid.^ When I had ascertained through the translucent walls

of the vein that this state of things had occurred, I punctured the upper part of

the vessel, so as to let out some of the clear fluid, and found that it was very

slow in coagulating. In about three-quarters of an hour it had only begun to

coagulate, whereas a little of this same clear fluid, to which a small portion of

coagulated blood was added, clotted in a very short period. That the clear

fluid did coagulate at all was sufficiently explained by microscopical examina-

tion, which showed that there were present in it some red corpuscles and

numerous white corpuscles. It was obvious that if we could have separated

the corpuscles absolutely from the liquor sanguinis, there would have been no

coagulation at all ; and as the separation of the corpuscles from the plasma

had occurred, not by transudation through vascular walls but simply as the

result of gravity, it could be no longer doubted that Schmidt's conclusions were

essentially right.

During the time that has since elapsed various endeavours have been made

to ascertain the precise nature and mutual relations of the constituents of the

hquor sanguinis and the corpuscles thus concerned in the formation of the fibrine.

This inquiry cannot be said to be yet terminated, and it is, at the present time,

uncertain whether Schmidt's simple original view may not be correct, that there

are two albuminoid substances, one in the plasrna and one in the corpuscles,

which combine to constitute fibrine.

These investigations, most valuable as they are, have, as it seems to me,

somewhat overshadowed the question, which is after all the most interesting

to us as practitioners, namely. What are the circumstances that determine the

mutual reaction of these two constituents ? What are the conditions under

which the corpuscles are induced to give up their element of the fibrine, to combine

with the element in the liquor sanguinis ? This subject engaged a large share

of my attention many years ago ; and, though I am afraid I have not much of

novelty to communicate regarding it, yet in consequence of its very great impor-

* The same thing is seen in the mixture of serum and corpuscles obtained by stirring the blood

during coagulation. In that from the horse the red corpuscles subside from about the upper third of

the Uquid within half an hour ; whereas that from the ox shows only a thin layer of serum after the

lapse of twenty-four hours. I am surprised to see that in some textbooks the buffy coat is attributed

to slowness of coagulation.
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tance, I have thought that it might perhaps be not unworthy of the circum-

stances in which the kindness of your Council has placed me this evening.

Shortly before my investigations began, Professor Briicke, of Vienna, had

conducted an inquiry into the conditions which determine coagulation, and had

arrived at conclusions which to a certain extent resembled those to which I was

led.^ He found, as I also did, that there is a world-wide difference, in their

relations towards the blood, between the walls of the living vessels and ordinary

solid matter ; and Briicke concluded, as Sir Astley Cooper and others had done

before him, that this difference consisted in an active state of the living vessels
;

that the blood-vessels, by an action which they exerted upon the blood, prevented

it from coagulating. My investigations, on the other hand, led me to conclude

that healthy blood has no spontaneous tendency to coagulate ; and that the

walls of the blood-vessels are not active, as Briicke supposed, but passive in their

relation to coagulation ; that ordinary solids induce coagulation by an attractive

influence—comparable, perhaps, to that which a thread exerts in causing the

deposition of sugar-candy from a solution of sugar—while the healthy living

tissues differ from ordinary solids in being destitute of this attractive influence.

Out of many experiments tending to this influence, published long ago,-

I may be permitted again to describe one which not only appears to me conclusive

on the point at issue, but is also of interest otherwise. A portion of the jugular

vein of an ox with the blood in it being held vertically, I cut off the upper end,

taking scrupulous care that the wounded part of the vessel did not come in contact

with the blood, and then passed down into the vein a tube composed of verv

thin glass of a calibre rather less than that of the jugular vein, its upper end

being stopped by a perforated cork in which was inserted a narrow glass tube,

which again was continued with a short piece of vulcanized india-rubber tubing.

The tube was pressed with the utmost steadiness down into the vein, so as to

disturb the blood as little as possible. In the course of time, the vein being

a little squeezed, blood made its appearance in the narrow glass tube, and then

at the end of the india-rubber tube. When this was the case, the india-rubber

tube was secured by a clamp, and the whole apparatus was rapidly inverted, and

the piece of vein withdrawn. Waterproof tissue was then tied over the open

end of the large tube to prevent evaporation and exclude dust, and the tube

was securely fixed and left undisturbed. Thus we had blood present in a

vessel consisting entirely of ordinary solid matter, but having been subjected

in a minimum degree to the influence of the ordinary solid : and the result was

that when I came to examine the blood after the lapse of ten hours, I found it

' British and Foreign Medical Review, 1857.
- The Croonian Lecture, Proceedings of the Royal Society, loc. cit.
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still fluid, with the exception of a crust of clot lining the wall of the vessel.

This, gentlemen, seemed to me of itself to afford sufficient evidence that healthy

blood has no spontaneous tendency to coagulate, requiring to be kept in check

by an action on the part of the walls of the living vessels. This blood had

been entirelv withdrawn from the vein, and yet it remained fluid except w^here

in contact with the ordinary solid.

This conclusion has been comparatively lately strikingly confirmed by the

experiments of more than one observer. I would especially allude to one per-

formed bv Professor Berry Haycraft.^ He has found that if a drop of blood

is introduced, under suitable precautions, into a deep narrow jar of castor oil,

and before the drop, which falls slowly through this oil, has reached the bottom

of the vessel, the jar is inverted, and the drop made to retrace its steps without

having touched the glass, this process being repeated again and again, the drop

of blood, having never come in contact with an ordinary solid, remains fluid

for an indefinite period. This experiment may perhaps appear to some of you

even more conclusive than mine, inasmuch as no coagulation w^hatsoever occurs

in the drop of blood under these circumstances. Certainly it seems to me that

it confirms in an absolutely unmistakable manner the view to which I had been

previously led.

But there is also this interesting circumstance in Professor Haycraft's

observation. It had been shown amply by myself that the gases of the atmo-

sphere are incapable of inducing coagulation of the blood ; but experiments

like those of Professor Haycraft show that the same is the case with neutral

or chemically indifferent liquids. This seems to me to be an exceedingly inter-

esting fact, namely, that the active living tissue, such as lines the wall of a

healthy vessel, in its relation to the coagulation of the blood, resembles the

mobile particles of a liquid.^ I say the active living tissue ; for when the living

tissue becomes impaired in vital energy, it behaves towards the blood like an

ordinary solid. That is the case not only when a vessel is wounded, but also

when it is subjected to some influence which, without actually wounding it,

is calculated to suspend or impair its vital activity. A good illustration of this

is afforded by a fact which I have never before referred to, but which I have often

noticed. A very valuable field for simple and instructive observations regarding

the conditions that determine the coagulation of the blood w^as afforded by the

feet of sheep, removed after the animals had been killed, the blood being retained

in the vessels by a bandage applied below the part where the foot is removed

' Journal of Anatomy and Physiology, vol. xxii, p. 582.

* Dr. Freund, of Vienna, almost simultaneously and independently observed this relation of inert

liquids to coagulation, Jahresherichte fi'ir Anatomic und Physiologic, 1886.
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by the butcher. The blood remains fluid for days in the veins of such feet,

while, at the same time, the persistent vitality of the vessels is shown by the fact

that they contract when exposed by reflexion of the skin.^ Now it happened

that the butcher, in order to keep the sheep from struggling, always tied the

feet together with a firm cord applied below the part where my bandage for

retaining the blood was passed round ; and I invariably found the blood coagu-

lated in the superficial veins at the part where they had been pinched between the

cord and the bone. There is no reason to suppose that the temporary application

of the cord had deprived the veins of their vitality at the part subjected to its

pressure. If the sheep had been released, I have no doubt whatever that the

veins would have remained alive. But though the vessels had not been wounded

but only squeezed, only had their vital energies temporarily impaired, never-

theless the blood had coagulated in them at the part so treated. Just as by

pinching a portion of the web of a frog's foot with the padded ends of a pair of

dressing forceps you can induce, by the irritation of mechanical violence, an

intense degree of inflammatory congestion, in which the pigment cells for the

time being have their vital functions of diffusion and concentration of the pig-

ment perfectly suspended, and yet are in a condition which is recoverable,- so

did these veins, subjected to a similar agency, experience, though unwounded,

a temporary prostration of their vital power. Thus it appears that the living

tissues, which, wiiile in a healthy active state, differ from ordinary solids in not

occasioning the coagulation of the blood, themselves act like ordinary solids, and

induce coagulation when their vital energies are suspended.

Another point to which my investigations were at that time directed was

the behaviour of the blood-clot in relation to coagulation. I came to the conclu-

sion that, in a healthy state of the blood, an undisturbed coagulum resembles

living tissue in its behaviour with regard to coagulation ; that an undisturbed

clot does not induce coagulation in its vicinity is a most important truth if it

be such. This is well illustrated by the fact with regard to the sheep's foot,

to which I have already referred. We have seen that, on the one hand, where

the tight cord had pressed the veins, coagulation occurred in those veins, but

on the other hand that the blood remained permanently fluid in other parts of

the same vessels. In other words, the clot induced by the action of the cord

upon the veins had not been able to spread, although the blood in the veins

was perfectly at rest ; the clot could not propagate itself. The same thing is

^ The blood in the amputated hmb becomes gradually impaired in its coagulating property. A lew

hours after amputation it is found to clot more slowly than at first when exposed to the influence of

ordinary solids, and after some days fails to coagulate at all.

' See a paper by the author 'On the Early Stages of Inflammation', Phil. Ivans. Part II, for 1S5S,

p. 682 (page 209 of this volume).

LISTER I O
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seen in any amputated limb in which tlie blood-vessels are sound. If such a limb

is examined, say twenty-four liours after amputation, you will find that there

exist clots in the vessels where they were wounded by the knife in the operation,

but that elsewhere the blood remains fluid and coagulable. I came, therefore,

to the conclusion that an undisturbed blood-clot is unable to induce coagulation

in its vicinity ; and I think that the instances I have given demonstrate that such

is really the case.

Yet in the experiment which I have described, where a glass tube was slipped

down into the jugular vein, the coagulum did propagate itself. I found, as

before mentioned, on examining such a tube ten hours after it had been charged

with blood, that the crust of clot which lined the tube was only a thin one ; but

in another experiment, nearly two days having been allowed to pass before

examination, the layer of clot was thick, and there remained only a small channel

in the middle of it, with the blood still fluid and coagulable. How is this dif-

ference of behaviour between the clot within the vessels and the clot outside them

to be explained ? At the time when I performed the experiment, I was disposed

to think that it must be due to some imperfection in the mode of performing

it ; that in spite of all the care that I had taken in very steadily pressing down

the very thin glass tube, nevertheless the blood must have been influenced by

the glass for some considerable distance.

I am now inclined to believe that another explanation must be given. It

was ascertained by Schmidt that (to adopt provisionally his original nomen-

clature) the fibrinoplastic substance emitted by the corpuscles is in excess of

what is required in order to combine with the fibrinogen of the liquor sanguinis.

This, in fact, is obvious from the fundamental truth that serum expressed from

a shrinking clot, when added to hydrocele fluid, induces coagulation. The blood

is coagulated already ; the fibrine is already formed in it ; and yet the serum

contains fibrinoplastic substance in solution free to combine with the fibrinogen

of the hydrocele fluid. Such being the case, we see that, in the experiment with

the glass tube, the clot first formed under the influence of the glass, shrinking

and squeezing out its serum containing fibrinoplastic substance, this must com-

bine with the fibrinogen of the adjacent liquor sanguinis, forming fresh fibrine,

and producing a new layer of coagulum.

This, however, will only account for a very limited extension of the clot
;

inasmuch as the fibrinoplastic substance of the original coagulum having now
all completely combined with fibrinogen, none will remain in solution, and thus

the serum pressed out by the shrinking of the new layer will not contain fibrino-

plastic substance, unless some new agency comes into play, to induce the cor-

puscles of the last-formed coagulum to give it up. Such an agency is, I suspect,
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present in the shrinking of the fibrine, which, as a matter of theory, seems quite

as hkely to have such an influence on the blood-corpuscles as the attractions of

an ordinary solid. If such be the true state of the case, the clot must go on

perpetuating itself indefinitely, however slowly.^

But how are we to explain the non-extension of the clot within the vessels

in the cases referred to ? How are we to explain the fact that it did not spread

from the vicinity of the tight cord in the sheep's foot, and does not extend beyond

the vicinity of the wound in the amputated limb ? i\gain, why is it that the

coagulum never propagates itself from the wound in the vein after phlebotomy ?

That wound—intentionally made somewhat gaping—is certainly, in the first

instance, occupied by blood-clot. The equable flow of the venous blood does

not disturb it. It is an undisturbed coagulum. But it must often happen that

the clot projects more or less into the calibre of the vessel, in which case the

blood, at its lee side, will lie at rest in contact with it. Yet the indefinite extension

of the coagulum, which the analogy of the blood in the glass tube would lead

us to anticipate, never occurs ; and we reckon with confidence on the wound
in the vein simply healing without interference with its calibre.

These remarkable differences between the behaviour of a coagulum in a glass

tube and within the living vessels may, perhaps, have light thrown upon them

by a fact which I have on a previous occasion brought before the attention of

this Society. I first observed it, eighteen years ago, in an attempt that I made

to obtain pure blood-serum from a horse ; letting blood, with antiseptic pre-

cautions, from the carotid artery into a flask that had been purified by heating

it to a very high temperature. To my great astonishment, I found that, although

the blood of the horse coagulated as usual in the flask, the clot did not shrink

in the least. Though I kept it for many days, yet there was not a drop of

serum to be seen upon its surface, and the sides of the clot remained in contact

with the wall of the flask. This was made particularly striking by the circum-

stance that masses of aggregated red corpuscles, resembling grains of sand,

as before described, were to be seen touching the glass in the lower part of the

buffy coat. This, I need hardly say, astonished me immensely ; and I imagine

it was the first time that a blood-clot was ever seen not to shrink and press out

serum.

It seemed hardly likely that this result could be due to the destruction of

micro-organisms in the flask, although the heat had been applied for that purpose.

^ A good example of the indefinite extension of a clot outside the body is mentioned by Freund

(op. cit.). He found that, while blood might be kept fluid for an indefinite period in a vessel completely

coated with paraffin, if the coating was deficient at any point, coagulation took place there and spread

throughout the mass. ^
O 2
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It was suggested to me that perhaps it might arise from some physical change

in the glass due to the very high temperature to which I had subjected it. It

had been observed by Liebig that, whereas a supersaturated solution of sulphate

of soda is, under ordinary circumstances, made to start into a crystalline mass

by contact with a glass stirring rod, no such effect is produced by the rod if it

is heated in the flame of a spirit lamp and allowed to cool ; a result attributed

bv Liebig to some temporary physical change produced in the glass by the heat.

Might it be, then, that the flbrine of the clot failed to shrink in consequence

of a difterent molecular arrangement assumed under the influence of the glass

altered by heat ? That view, however, has been exploded ; because it has

been proved, as illustrated by some striking experiments shown at a conver-

sazione of the Ro}'al Society some years ago by my colleague, Professor Thomson,

that the cause of the crystallization of the supersaturated solution of sulphate

of soda is not the contact with the glass as such, but the accidental presence

on the glass of minute quantities of sulphates isomorphous with the sulphate of

soda ; and that the effect of the heat is to drive off the water of crystallization

of those salts, and make them no longer isomorphous with it, and, therefore,

no longer able to induce the crystallization. And so a mystery in physics was

cleared away, and made a very simple matter. Thus the suggested explanation

fell to the ground.

The same absence of shrinking of the clot had been brought about by different

means in the example which I exhibited to this Society nearly seven years ago.^

A glass jar, not especially clean, had been purified by means of a solution of

corrosive sublimate in 500 parts of water. Blood had been let into this jar from

the jugular vein of a horse, under antiseptic precautions, forty-one days before
;

and the members of the Society had the opportunity of seeing that, just as in

the case of the flask subjected to a high temperature, the clot had not shrunk
;

the serum had not been squeezed out of it. And although it seems unlikely

that in the short time that elapses between the shedding of the blood and the

commencement of shrinking of the clot under ordinary circumstances, the micro-

organisms present could have had such an influence on the blood, yet when we

see that two agencies so different in their nature as a high temperature and a

solution of corrosive sublimate, but both powerfully germicidal, led to the same

result, one is almost inclined to think that surely it must be so. No other explana-

tion has been offered, although I know that physiologists have been much
interested in the subject.

If we admit that micro-organisms are the cause of the shrinking of the clot,

and that the shrinking of the clot is the cause of its extension, it follows that

' British Medical Journal, 1S84, vol. ii, p. 803 (see p. 293 of volume ii of collected papers).
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an undisturbed coagulum formed within the body under healthy conditions

otherwise, being free from micro-organisms, will not spread. Fibrinoplastic

substance exists, no doubt, in the serum in the substance of the clot. But the

experiments of the late Mr. Graham showed that diffusion of liquids is an exceed-

ingly slow process, even between a strong saline solution and water ; and it must

be a very slow process indeed between two liquids so nearly allied as liquor

sanguinis and serum.

Whether this explanation be correct or not, the fact remains that an

undisturbed clot of healthy blood within healthy living vessels is incapable

of self-propagation.^ On the other hand, the theory which I have sug-

gested is in harmony with the extension of clots containing microbes, as in

pyaemia.

While an undisturbed clot resembles healthy and active living tissue with

respect to coagulation, a disturbed and torn clot acts in this relation like wounded
tissue. And as a coagulum is an easily lacerable substance, we often see coagu-

lation induced by a blood-clot that has been disturbed. This is perhaps most

strikingly seen in aneurysm. Let us take, for instance, a traumatic aneurysm.

The blood escapes from the wounded artery into the surrounding tissues ; and

these having been injured, the blood coagulates in contact with them. Every

successive portion of blood driven in by the force of the ventricle stretches and

lacerates the clot so formed. It is an injured clot, and induces coagulation in

its vicinity : and the result comes to be that while, on the one hand, the force

of the heart tends perpetually to distend the sac, inferior as it is in elasticity

to the wall of the artery, there is on the other hand a constant tendency to deposi-

tion of fibrine upon the interior of the sac, as if the blood were * whipped ', and

thus the wall of the sac is perpetually strengthened, exhibiting a counteracting

agency tending to recovery.

A beautiful converse of this state of things is presented, as it seems to me,

by some cases of varicose aneurysm, such as used to be a not uncommon result

of careless venesection. Here the communication with the vein was sometimes

so free that the blood driven in by the heart distended the sac comparatively

little, so that the aneurysm had no tendency to increase, but was merely a source

of annoyance from the purring sensation caused by the arterial blood driven

into the vein. And if an operation was performed on such a case, the remarkable

fact was disclosed that instead of the aneurysmal sac being lined with layers

* As further illustrations of this important truth may be mentioned the limitation of the coagula

to the immediate vicinity of the wound in the veins of a stump after amputation ; and also the fact

which I have often noticed that if a varicose vein in the leg is treated by removing portions of the vessel

at intervals of a few inches, the blood, though it coagulates in the immediate vicinity of the ligatures

employed, remains permanentlv fluid in other parts of the vein.
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of fibrine, it resembled in its interior an artery or a vein.^ The force of the blood

not being able to tell upon the clot and disturb it, the clot ceased to induce

further coagulation, and became organized and invested with endothelium.

We see the same thing illustrated in the different behaviour of the blood-

clot above and below a ligature applied upon an artery in its continuity. When
such a ligature was applied in the old-fashioned way, in the shape of a silk thread,

used without any antiseptic precautions, with the ends left long, it had to come

awa\' b\' suppuration, and there was serious danger of secondary haemorrhage.

But if this did occur, it was commonly not, as might have been expected, from

the cardiac side, where the seat of ligature was subjected to the full force of the

ventricular contractions, but from the distal side, where the pressure was com-

jiaratively feeble. The ligature having been applied sufficiently tighth' to

rupture the internal and middle coats, there necessarily occurred as an imme-

diate result a certain limited amount of coagulation upon the injured tissues.

On the cardiac side, where the force of the blood driven by the heart against

the obstruction told powerfully at every stroke, the clot was perpetually dis-

turbed, and infallibly coagulation occurred up to the first considerable branch,

producing a substantial resisting plug. But at the distal side, if the circumstances

of the anastomosing circulation were such that there was no pulsation, there

might be no extension whatever of the undisturbed primary coagulum, so that

a mere trace of clot was found on pathological examination.

I have hitherto dwelt on the view first advanced by myself and now, I believe,

generally accepted—that the fluidity of the blood is not due to an active operation

of the living vessels. But I am far from holding the opinion that there is no

part of the vascular system that actively opposes coagulation. If transfusion is

practised in the ordinary manner—say by filling a syringe with blood and

injecting it into the veins of the patient—the blood is subjected to the influence of

an ordinary solid, which would inevitably induce coagulation within the vessels,

unless there were some counteracting agency at work. It is astonishing how
very short a period of contact with an ordinary solid determines the mutual

reaction of the corpuscles and the liquor sanguinis. Yet no coagulation

occurs as the result of such an operation. It is, I presume, in the capillary

system that the correcting influence is exerted.

Again when intense inflammatory congestion is produced by the application

of some irritant substance to the web of a frog's foot, we see that the corpuscles,

both red and white, adhere to one another and to the walls of the vessels, and

block the capillaries. Mechanical violence is one of the many irritating agencies

which produce such congestion ; and from what we know of the effects of the

' Syme's Principles of Surgery, 5th edition, p. 140.
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pressure of the cord upon the veins of the sheep's foot, we cannot doubt that the

blood must be coagulated in the congested vessels : that between the corpuscles

there must be cementing hbrine. The distinguishing characteristic of acute

inflammator}^ exudation is of itself pretty clear evidence to this effect. The

exudations in intense inflammation differ from those of dropsy by being coagu-

lable ; hence the brawniness of tissues that are intensely inflamed, or the Ivmpli

in acute pericarditis. How can this coagulable character of the effused liquor

sanguinis be explained except by supposing that the walls of the capillaries

have acted for the time being like ordinary solid matter, and that, as a con-

sequence of this behaviour of the capillaries, the corpuscles have given up to

the liquor sanguinis (to use Schmidt's language) the necessary fibrinoplastic

substance ? And if the exuded liquor sanguinis coagulates, we cannot doubt

that the plasma which remains in the capillaries is also coagulated. Nevertheless,

if the irritant has not been pushed so far as to cause the death of the part on

which it has acted, the tissues in due time recover, and we see the corpuscles

gradually detaching themselves from each other, to pass on into the circulation.

And we may surely say that, not only do the corpuscles recover their original

non-adhesive character, but the fibrine which binds them together is dissolved.

I believe, therefore, that although in the larger vessels the vascular walls

are negative as regards the coagulation of the blood, in the capillary system

there must be potent agencies counteracting any tendency to clotting induced

by abnormal conditions, and capable even of dissolving fibrine.





PART II

PATHOLOGY AND BACTERIOLOGY

NOTES OF THE EXAMINATION OF AN EXOSTOSIS

REMOVED BY MR. SYME ON OCTOBER 2, 1853,

FROM THE OS HUMERI OF A YOUNG LADY
AGED ABOUT TWENTY YEARS

Read to the Edinburgh Medico-Chirurgical Society, November i6, 1853.

[Monthly Journal of Medical Science, January 1854.]

The tumour was situated at the posterior and inner aspect of the bone,

two or three inches from its upper end. Some idea of its general appearance

ma\^ be gathered from Fig. i of the accompanying woodcut (see next page),

which gives a lateral view of it of the natural size. It is seen to be of irregular

form, presenting at its most prominent part several smooth rounded tuber-

osities : these were covered with cartilage, while the more circumferential parts

of the tumour rose gradually from the normal level of the bone around, and

were destitute of cartilage. The whole surface of the tumour was invested

with extremely loose cellular tissue, which must have allowed very free gliding

motion of superjacent parts ; this cellular tissue adhered firmly, both to the

cartilaginous and osseous portions of the surface. At a, a piece of the tumour

had been broken off, exposing the cancellated texture of the interior, which in

the deepest parts of the exostosis, was extremely loose, consisting of medullary

substance traversed by very delicate spicula, which presented the microscopical

characters of true bone (a lacuna with canaliculi from one of these spicula was

shown in a sketch at the reading of the paper). In the circumferential parts

of the tumour, which, as above stated, were destitute of cartilage, this loose

cancellous structure extended to within a very short distance of the surface,

which was formed by a thin layer of compact, true osseous tissue. But beneath

the cartilaginous prominences there was a considerable thickness of compact
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substance, of a peculiar white aspect, too gritty and friable for true bone, and

having a dark confused appearance under the microscope, with no definite

structure ; but after maceration in dilute hydrochloric acid presenting both to

the naked eye, and under the microscope, the characters of cartilage. As a

general rule, this calcified cartilage was present in greatest amount where the

cartilage was thickest. Fig. 2 exhibits part of a section made perpendicular

to the surface of one of the prominences of the exostosis ; a is the cartilage

covering the surface, and is upwards of a line in thickness ; the calcified cartilage

b immediately beneath it was very dense, while at e the texture was looser,

Fig. I is a lateral view of the exostosis: at a a piece of the tumour has been broken off, and the loose structure

of the interior shows itself.

Fig. 2 exhibits part of a section through one of the prominences of the tumour : a is the superficial cartilage ;

c is a portion of cartilage situated deeply, and surrounded on all sides by dense calcined cartilage, b and
d; f is the deepest part of the calcified cartilage, of looser texture than the more superficial parts.

Fig. 3 shows a section of a portion of the tumour at the line of junction of the calcified cartilage and the
cancellous structure of the interior; the earthy matter has been removed by dilute hydrochloric acid:

a is the cartilage with its cells changed by the process of calcification ; b c is true bone (containing

lacunae) lining the excavations in the calcified cartilage; d is part of a spiculum of the cancellous

structure : e and / are spaces formerly occupied by medullary substance.

but even there, at a depth of five-eighths of an inch below the surface, cartilage

cells showed themselves after maceration in acid.

The microscopical appearances of the superficial cartilage presented nothing

very remarkable ; the cells were larger than they are found in human articular

cartilage, and many of them were of rather complex structure ; they were much
elongated at the free surface, where, indeed, it was difficult to distinguish them

from the contiguous part of the investing cellular tissue ; while in the deeper

part of the cartilage they were more or less elongated in a direction perpendi-

cular to the surface of calcification (a figure was shown representing one of

these deeper cells). The matrix was homogeneous or faintly granular. The

matrix of the calcified cartilage as seen after maceration in acid, was more
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granular, and the cells were rounder, and often surrounded with a broad pellucid

ring, but the cells of the immediately adjacent part of the uncalcitied cartilage

assumed more or less of the same characters. The boundary between the

uncalcilied and the calcified cartilage was rendered very distinct by the circum-

stance that the matrix of the former was coloured brown by the action of the

acid, while that of the latter generally remained colourless.

At one spot, viz. at c in Fig. 2, a piece of cartilage existed at a considerable

depth below the general surface of calcification, and surrounded on all sides

by the dense pseudo-bone ; this cartilage was extremeh^ soft, and its cells re-

markably large ; one of them of circular outline measured i-285th inch in

diameter ; the nuclei also presented considerable variety of appearance, and

complexity of structure. It might be supposed that these characters of the

cells were connected with great rapidity of growth in this cartilage, and such

may perhaps be the case ; but the cells are not larger than exist in the central

parts of costal cartilages. In the centre of a costal cartilage of a woman about

sixty years old, I found cells very similar both in size and appearance, and it

can hardly be supposed that any very rapid cell-development had been going

on in that situation at such a period of life.

The fact that the calcified cartilage was in some places looser in texture

at its deep than at its superficial parts (e.g. looser at e than at b in Fig. 2) seems

to indicate a change going on in the calcified cartilage by which it becomes

converted into the loose cancellous structure of the interior. Examination of

the deepest parts of the calcified cartilage under a low magnifying power, after

the earthy matter has been removed by acid, shows that it is invaded by pro-

cesses of the medullary substance of the cancellated tissue beneath it, which

advance for a variable distance into its substance, and give a very irregular

eroded character to its outline. The excavations thus seen to occur in the

deep border of the calcified cartilage, are often lined with a thin layer of true

bone containing lacunae, which has, no doubt, been deposited subsequently

to the formation of the excavations. Fig. 3 represents a small portion in this con-

dition, where a is the deepest part of the calcified cartilage, & c is a layer of true

bone lining the excavations e and /, which were formerly occupied by processes

of the medullary substance ; and d is part of one of the spicula of the cancellous

structure. The true bone is distinguished from the matrix of the calcified

cartilage by having a higher refractive power than it.

In the part where I first noticed this osseous lining of the calcified cartilage,

it was almost universally present ; very few of the excavations being e\-en

partially destitute of it. And the same appearance presented itself in the head

of a metatarsal bone of a boy sixteen years of age, at the line of junction between
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the epiphysis and the cartilage which separated it from the shaft. Indeed, the

resemblance between the two objects was exceedingly close, for the disposition

of the cartilage cells in piles perpendicular to the surface of ossification, while

present in the shaft of the metatarsal bone, was absent alike in the epiphysis,

and in the exostosis ; also the part of the cartilage that was immediately con-

tiguous to the newly formed bone of the epiphysis was evidently calcified, and

closely resembled the calcified cartilage of the exostosis, both in the condition

of the cells and in the eroded form of its margin ; the eroded edge, again, was

almost universally lined with a layer of true bone exactly as in the exostosis,

except that the layer was generally somewhat thicker.

These facts appeared at first inconsistent with the idea of the layer of true

bone having been deposited subsequently to the formation of the excavations,

for that supposition implied that both in the epiphv^sis and in the exostosis,

the process of excavation of the calcified cartilage had almost entirely ceased,

or, in other words, that the conversion of the calcified cartilage into true bone

was almost or altogether suspended ; and this appeared particularly unlikely

in the case of the exostosis, which was known to have been growing rapidly

before its removal.

The examination of the ossifying epiphysis of one of the bones of a calf's

foot has, however, convinced me that the layer of true bone is deposited on

the walls of previously existing excavations. The cells of the calcified cartilage

are there seen to enlarge at the expense of the matrix as they approach the

cancellous structure of the epiphysis, and at the same time to acquire a granular

appearance, just like that of the rudimentary medullary substance with which

the last formed areolae are filled ; and finalh% they evidently form by their

coalescence the excavations in the margin of the calcified cartilage. Those

parts of these excavations or areolae which are farthest from the perfect bone,

and which have been last formed, are devoid of any osseous lining ; but at

a very short distance from their extremities they acquire upon their surface

a thin layer of lacunated bone, which is seen to increase gradually in thickness

at the expense of the cavities as they are traced nearer to the perfect bone.

A further examination of the exostosis also showed that in some parts the

osseous lining of the margin of the calcified cartilage was absent, while, on the

other hand, there appeared at these parts evidence of a change in the deepest

cells of the calcified cartilage, like that observed in the calf's foot, viz. an en-

largement of the cells, and a conversion of their contents into a granular sub-

stance previous to their coalescence to form the excavations.

It tlius appears that the process by which the calcified cartilage of the

exostosis was converted into the cancellous structure of the interior, is essentially
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the same as what occurs in the ossification of the epiphysis of a metatarsal bone.

The only difference between the two cases appears to be that in the ossifying

epiphysis, the calcified cartilage is a very thin layer, while in the exostosis it

is present in considerable thickness ; but even in this particular there was not

a constant difference between them ; for the calcified cartilage varied much in

thickness at different parts of the exostosis, and at some spots was, to the naked

eye, absent or nearly so, even where cartilage existed on the surface.

The great thickness of the calcified cartilage probably results, in part at

least, from a want of energy in the process by which it is converted into the

cancellated tissue, and accordingly it was just at that part where the calcified

cartilage was thickest (viz. at e in Fig. 2) that the osseous lining of the calcified

cartilage was found almost universally present ; and we have seen that this

condition implies an arrest in the process of conversion of calcified cartilage into

cancellous structure. The languid condition of the ossific process at this part,

was probably also the cause of the piece of cartilage c in Fig. 2 being left uncal-

cified below the general level of calcification.

The general conclusion to which the examination of this exostosis leads,

is that it grew at the surface as cartilage, which became converted into can-

cellated bone by an ordinary process of ossification, in which, however, the stage

of calcification of cartilage occupied an unusually conspicuous position.



REPORT OF A CASE OF CARBUNCLE
OCCURRING IX MR. SYME'S PRACTICE, ILLUSTRATING

ESPECIALLY THE PATHOLOGY OF THAT DISEASE

{Monthly Journal of Medical Science, July 1854.]

Thomas Davidson, aet. 52, admitted into the Royal Infirmary, February 9,

1854. a weaver, residing at Sinclairton near Kirkcaldy. States that he has
generalh' enjoyed good health, and that three weeks before his admission he
was in no respect worse than usual ; he had been in full work and had eaten

and drunk his usual quantity without excess in either respect. At this time
his attention was directed by a sensation of itching to the back of his right

shoulder, and on putting his finger to the part, he found a small elevation about
as big as a barley-corn and very tender to the touch. This grew rapidly and
became the seat of intense pain, and continued to increase in size till his admis-
sion, but had been less painful for a few days preceding it. When he came
to the Infirmary a large elevated mass existed behind the right shoulder, of

circular form, about six inches in diameter, rising gradually from the level of

the skin around : of livid red colour surrounded by brighter redness of an inch

or two of the adjacent skin. Its circumferential part was of brawny consistence,

while the central part was soft and pulpy, but not fluctuating, and in this central

part there were numerous small circular apertures, which did not admit the

probe for more than a very short distance ; the instrument could be passed
a little way under their margins, which were formed by a vascular superficial layer

as thin as paper. At the centre of the tumour these openings were confluent.

On the day of the patient's admission Mr. Syme made a very free crucial

incision through the tumour, extending down to its very base, and reaching a
little way into the bright red surrounding skin. A good deal of bleeding occurred,

and the colour of the tumour became rapidly and very remarkably changed to

a pale bluish-red tint. The cut surface, which in the centre measured nearh-
two inches perpendicularly, presented numerous small collections of pus scat-

tered through it, and many spots of yellow lymph ; the rest of the tissue was
evidently the dermis expanded by the inflammatory exudation, and towards
the centre of the tumour in a shreddy sloughy state. The patient was not
under chloroform, and says he hardty knows whether the pain of the incisions

was worse than that which he had suffered from the carbuncle a few days before

admission. Mr. Syme ordered milk diet, which has been gone on wdth to the

present time (February 14), while linseed-meal poultices have been applied
twice a day. Under this treatment the carbuncle has daily improved, induration
diminishing and the mass melting down, partly in the state of slough and partly

in that of pus ; the surrounding redness is almost totally gone, no extension
whatever of the disease having occurred since the incisions were made. The
pale tint of the skin that occurred at the time of the incisions never became
deepened, except at one part, where the interval between the incisions was
greater than elsewhere, and there it remained red and hard for a day or two

;

but there also the free drain afforded b}' the incisions has some days ago removed
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both redness and induration. Two days after the incisions were made, he
regained his appetite, which he had lost ever since the carbuncle became intensely

painful, though not for several days after the commencement of the disease.

A few days after I again made a careful examination of the affected part.

At this time the sections of the carbuncle made by the incisions were assuming
a healthy appearance, particularly towards the circumference of the mass.
These sections were now covered with granulations, and this, together with
their great thickness, gave them an appearance certainly very unlike that of

sections of the dermis. The incisions had, however, extended a little beyond
the carbuncle into the healthy skin around, and on tracing the sections outwards
to the parts w^here the skin w^as healthy, I found that the thick diseased parts

passed insensibly into the sound portions, whose sections were also covered
with granulations, and differed from the diseased only in their thickness.

The slough soon separated completely, leaving the external portion of each
of the four flaps made by the crucial incision, and these gradually assuming
the character of healthy skin, a granulating sore remained, w^hose cicatrization

presented nothing remarkable.

Remarks.—This case illustrates some important points in the pathologv,

aetiology, and treatment of carbuncle. Mr. Syme long since pointed out ^ that

carbuncle is essentially a disease of the true skin, that it is by no means neces-

sarily connected at its outset with an impoverished or enfeebled state of body,

although, doubtless, dependent on some constitutional vice, and that being an

inflammation of peculiar intensity, it requires in its early stages general anti-

phlogistic treatment, and local blood-letting, in the form of free incisions, which,

if practised sufficiently early, cut short the inflammation, and prevent it from

running on to sloughing.

The case before us was a typical example of carbuncle, and its commence-

ment as a pimple in the skin combines with the appearances which it presented

on admission to show clearly that the pathology above alluded to is correct,

so far as this individual case is concerned.

In a case of extensive carbuncle in the gluteal region which occurred about

a month earlier, I was fortunate enough to obtain a slice from a part in an early

stage of diseased action. This slice, which was cut perpendicular to the surface,

included a small part of the subcutaneous fat, which was perfectly healthy.

The dermis, however, was greatly thickened, and presented the appearance of

numerous spots of greenish-yellow lymph intersected by bluish glistening bands

of fibrous tissue, the dense structure of the corium being expanded into a loose

network, in wliose meshes the lymph lay. The only part of the dermis that

did not contain more or less of this deposit of lymph was a very thin and highly

vascular layer immediately beneath the epidermis. The microscope showed

that the blood-vessels of the most superficial part of the corium, including the

' Vide Principles of Surgery, by James Syme. first edition. 1S31, p. 6k;.
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papillae, were gorged with blood. This layer was about equal in thickness to

the epidermis (which is thin in this region), and corresponds to the part which

formed the margin of the openings in Davidson's case, described in the above

report as being as thin as paper. A superficial observer might suppose this thin

layer to be the skin, and regard all parts beneath it as subcutaneous tissue
;

but it required only a little careful observation to perceive its true relations.

I confess that I had i)reviously been accustomed to look upon carbuncle as

essentially a disease of the subcutaneous tissue, but this slice convinced me,

as it did every one to whom I showed it, that in that case at least the cutis vera

was the seat of the disease ; and it is to be observed that this, like Davidson's,

was a fine example of the affection in question. No doubt, the subcutaneous

textures may, and often do become affected secondarily, but the important

practical fact which these two cases appear to establish, is that the great mass

of a carbuncle is composed of thickened dermis, which may be freely incised

without fear, whereas the subcutaneous textures in some regions contain im-

portant parts which it is very desirable to avoid. It may be remarked that the

extraordinary expansion which carbuncle produces on so dense, and, at the

same time, so sensitive a structure as the dermis, sufficiently accounts for the

intense pain that always accompanies it.

With regard to the cause of the disease, it must be confessed that in the case

above reported, none can be assigned. According to the patient's own account, he

was in strong active health at the time when the carbuncle commenced, neither

plethoric nor the opposite, and no irregularity had occurred either in his diet or

in his employment. The constitutional vice, of whatever nature, was latent.

The free incisions made throughout the diseased mass were productive of

the most palpable benefit, and evidently cut the disease short at once ; and

although the central part was already in the state of slough at the time of the

patient's admission, yet considering that the size of the tumour was then still

increasing, I cannot doubt that the red brawny circumferential parts, which

afterwards recovered their natural characters, would have sloughed if the in-

cision had not been carried freely through them. As the disease yielded to the

local treatment, the patient recovered his appetite, which he had long lost,

but he never grumbled at his milk diet, although it was inadvertently continued

much longer than Mr. Syme had intended.

It will probably be tedious to some to read so minute a description of an

affection with which they have long been familiar ; but to those who do not

happen to have examined the disease carefully themselves, and who know that

a different pathology is commonly taught, the importance of the subject will,

I hope, make the particulars which I have given acceptable.
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INTRODUCTION

The morbid process designated by the term Inflammation, being one to

which every organ and probably every tissue of the body is Hable, and com-

prehending as it does in its progress and consequences by far the greater number

of the ills to which flesh is heir, possesses a deeper interest for the physician or

surgeon than any other material subject which could be named. The practical

importance of inquiries tending to elucidate the essential nature of this process,

has been for centuries recognized by all enlightened members of the medical

profession ; for it is obvious that just views regarding it must tend to promote

the establishment of sound principles in the treatment of the diseases which it

produces. At the present day more especially, when theory is allowed such

free scope, and is permitted to attack the most time-honoured rules of practice,

we stand in peculiar need of the beacon-light of correct pathology to enable

us to steer a safe course amid the various conflicting opinions wliich assail us.

Yet so far from our knowledge of inflammation being in a satisfactory con-

dition, authorities are at variance upon the fundamental question, whether it

is to be regarded, in accordance with John Hunter's opinion, as active in its

nature, and consisting in an exaltation of the functions of the affected part, or

whether it should not rather be considered a passive result of diminished func-

tional activity.

In seeking for the solution of this great problem, we cannot expect to gain

much from the contemplation of the more advanced stages and results of inflam-

mation, such as copious exudation of lymph, suppuration, ulceration, or gan-

grene. When any one of these has taken place, the nature of the original disease

is masked to a great extent by the subsequent changes ; and the cell-develop-

ment which occurs in lymph after its effusion, is no more proof of activity in

the inflammatory process, than the loss of the vital powers in gangrene can be

accepted as evidence in the opposite direction. It is upon the first deviations

from health that the essential character of the morbid state will be most un-

equivocally stamped, and it is therefore to the early stages of inflammation that

attention must be chiefly directed in this inquiry.

If the palm of the hand be chafed by long-continued friction, as for example

in rowing a boat, the first thing that will be observed, when attention has been
LISTER I p
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directed to the part by a feeling of uneasiness, will be that the skin is redder

than natural, implying that the vessels are abnormally loaded with blood, and

if the irritation be continued, the cuticle will be raised in the form of a blister.

If, now, the loosened epidermis be artificially removed on the earliest occurrence

of effusion, a scarlet raw surface will be exposed ; and on pressing the tender

dermis ftrml}' with the finger, and suddenly removing the pressure, it will be

found that while the redness will for the most part have momentarily disappeared,

there will be many minute red points from which the blood cannot be expelled.

This shows that, while the blood is in part still free to move, there are some

minute vessels completely clogged with it. Again, if a portion of mustard be

placed on the skin covering the dorsal aspect of one of the fingers, abnormal

redness will very speedily be produced, which in the first instance disappears

completely on pressure ; but, if the mustard has been kept on long enough,

can be only imperfectly dispelled ; and if the application be still longer con-

tinued, vesication will be the result. I had lately the opportunity of examining

the brain of a man who had died of tetanus, complicated with incipient meningitis;

the post mortem appearance of the latter being maculiform congestion of the

pia mater. Having stripped off a portion of the affected membrane, and care-

fulty washed away with a camel' s-hair brush the cerebral substance adhering

to it, I applied the microscope to one of the affected spots, and found that all

the minute vessels were filled with crimson blood, while those of the surrounding

parts were comparatively pale. It was evident that the red corpuscles were,

in the former, so closely crammed together as to produce the appearance of a

uniform mass, while in the latter they were present only in their usual proportion

to the liquor sanguinis. Thus it appears that in the human subject, inflamma-

tion, whether induced by mechanical irritation or by an acrid application such

as mustard, or of spontaneous origin, is characterized at an early period by

a certain amount of obstruction to the progress of the blood through the minute

vessels ; a phenomenon, which it is therefore of great importance to understand.

It fortunately happens, that we have, in the transparent web of the frog's

foot, an opportunity of observing with the utmost facility the circulation of

the blood in the living animal, and of watching the effects produced upon it by

irritating causes. It may naturally appear very doubtful whether observations

made upon creatures so low in the animal kingdom as the amphibia, can with

propriety be brought to bear upon human pathology. A few facts will, however,

suffice to show that no such doubts need be entertained. If a portion of mois-

tened mustard be placed upon the web of a frog, tied out under the microscope,

the blood-vessels will soon be found abnormally red ; and if the application be

continued long enough, all the capillaries will become choked with corpuscles so
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closely packed as to present the appearance of a uniform crimson mass ; and

by and by the epidermis will be found raised in the form of a blister over the

part on which the mustard lay. These effects are precisely similar to those

which we have seen to be produced by it upon the human skin ; and before

effusion has taken place, the vessels of the affected part exactly resemble those

of the congested spot of inflamed pia mater above described. Again, if dry

heat be made to act upon a part of the frog's foot, there will result, in proportion

to the elevation of the temperature and the duration of its action, undue redness

of the vessels from accumulation of the blood-corpuscles ; and if the burn have

been sufflciently severe, vesication will soon take place as in the human subject.

These and other similar cases indicate that the early stages of inflammation

are alike in man and in the frog, and this conclusion is fully confirmed by
examination of the bat's wing, which furnishes the means of watching the effects

of irritants upon mammalian circulation. The very small size of the blood-

corpuscles, and some other circumstances, render that animal much less suitable

for the investigation than the frog ; but with the use of high powers of the

microscope and a little pains, the same sort of experiments can be made with

both : and the careful observations of Messrs. Paget and Wharton Jones, and,

I may add, also my own more limited experience with the bat, have shown that

in all the details that can be observed, a complete similarity obtains between

the effects of irritation upon the circulation in the two creatures. We may
therefore rest fully satisfied that conclusions arrived at from the study of the

early stages of inflammation in the foot of the frog will apply in all strictness

to the same morbid process in man.

It is well known that the field of observation thus afforded has not been

allowed to remain uncultivated. Since the microscope has been brought to its

present state of perfection, not to speak of a previous period, men of established

scientific reputation have devoted much patient labour to it ; and any one

who now enters upon this inquiry has the great advantage of possessing faithful

records of accurate observations made by many able predecessors. But the

number and discordance of the views entertained by different authorities regard-

ing the cause of the ' stasis ' of the blood in inflammation, are sufficient evidence

either that the subject demands further investigation, or else that it lies beyond

the reach of human means of research.

Having been called upon in the capacity of a teacher of surgery to attempt

an explanation of the matter to others, I felt bound to do my best, by personal

observation, to form a judgement for myself ; and several new facts which

I have unexpectedly met with appear to throw such fresh and clear light upon

the nature of disease, that I venture to submit them to the Royal Societ}'.

p 2
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SECTION I

On the Aggregation of the Corpuscles of the Blood.

The tendency of the corpuscles of the blood to aggregate together, con-

stitutes, as we shall see, an important element in the cause of the obstruction

which they experience in the vessels of an inflamed part. It is therefore desir-

able that we should be acquainted with the nature of the phenomenon.

If a drop of human blood just shed is placed between two plates of glass

and examined with the microscope, the red corpuscles are seen to become applied

to one another by their flat surfaces, so as to form long cylindrical masses like

piles of money, as first observed in 1827 by my father and Dr. Hodgkin ; and

the terminal corpuscles of each ' rouleau ' adhering to other rouleaux, a network

is produced with intervals of colourless liquor sanguinis. Rapid movement of

the blood prevents this occurrence, but it commences as soon as the corpuscles

approach to a state of quiescence, and I have seen short rouleaux already present

in a drop drawn from my own finger within ten seconds of its emission. In

this respect the aggregation of the red corpuscles differs from the coagulation

of the fibrine, which does not begin till some minutes after withdrawal from

the vessels. There is, in fact, no connexion whatever between the two processes,

as is clear from the circumstance that if a drop of blood is stirred with a needle

while coagulation is taking place, so as to remove the whole of the fibrine, the

corpuscles, which have been separated from one another by the agitation to

which they have been subjected, aggregate again in the serum in the same

manner as they did at first in the liquor sanguinis. The beautifully regular

form of the long masses of corpuscles has suggested to some persons the idea

of the operation of some peculiar vital attraction in their formation, while by

others the aggregation has been supposed due to merely physical causes, but

has never, I think, received a complete explanation. For my own part, I am
satisfied that the rouleaux are simply the result of the biconcave form of the

red discs, together with a certain, though not very great degree of adhesiveness,

which retains them pretty firmly attached together when in the position most

favourable for its operation, namely, when the margins of their concave surfaces

are applied accurately together, but allows them to slip upon one another when

in any other position. There is never to be seen anything indicating the exis-

tence of an attractive force drawing the corpuscles towards each other : they

merely stick together when brought into contact by accidental causes. Their

adhesiveness does not affect themselves alone, but other substances also, as

may be seen when blood is in motion in an extremel}' thin film between two
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plates of glass, when they may be observed sticking for a longer or shorter time

to one of the surfaces of the glass, each one dragging behind it a short tail-like

process ; and as the movement of the blood diminishes so as to permit the

formation of rouleaux, the latter may be not unfrequently seen ad-

hering in the same way by one of their terminal corpuscles, as

represented in the accompanying diagram.

That the cyHndrical character of the aggregated masses is an accidental

result of the shape of the blood-discs, is evident from

the fact, that in the frog, although the same ten-

dency to agglutination of the corpuscles exists as

in mammalia, yet, as their biconvex form renders

it mechanically impossible for them to be applied

to one another throughout their entire circumference,

they become arranged in groups of an irregular

form, as is shown in the annexed sketch of blood

contained in a small vein of the frog's web.

Again, different specimens of mammalian blood differ very much in the

amount of adhesiveness of their corpuscles ; and when this property exists

beyond a certain degree, the discs stick together by any parts that happen to

come first in contact, and retain that position more or less, so that the result

is the formation, not of rouleaux, but of irregular confused masses. The most

striking example which I have seen of this was presented by the blood of a bat,

which had lived some days after having been severely wounded. In that case,

chains of red discs might be seen adhering firmly by their edges, notwithstanding

considerable force of traction operating upon them, and before they at last gave

way tail-like processes of considerable length were drawn out between every

pair of corpuscles, indicating that they were very adhesive. These facts seem

sufficient proof of the correctness of the view above expressed regarding the

cause of the rouleaux.

The adhesiveness of the red corpuscles does not appear to be a vital pro-

perty. When the fibrine has been removed from a drop of blood during the

progress of coagulation, the rouleaux will form again, after being broken up,

as many times as the experiment is repeated, until the blood becomes thick

from dryness ; and if evaporation be prevented by Canada balsam placed round

the plate of thin glass, with suitable precaution against the approximation of

the two plates, the rouleaux will remain perfect for several da3's (e.g. fourteen

in one experiment of the kind), after which the very slow chemical action of

the balsam upon the blood gradually renders it confusedly red and opaque.

Gum mixed with blood seems to preserve it, like a pickle, from decomposition


