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INHALATION

OF

CHLOROFORM AND ETHER.

IN January last I laid before this Society an apparatus

which supplied the means of regulating the proportions of

ether vapour and of air during inhalation. By means of
this inhaler, it was, I believe, first ascertained that every

patient might be rendered insensible by ether, and that all

failures must arise from inefficient means of administering the

vapour, and not from any idiosyncrasy of the patient. After

observations for a few months of the exhibition of ether in

this uniform way, I was enabled in the course of last autumn
to submit to the profession a description of etherization

divided into degrees, which I still consider to be correct, and

to be equally applicable to the effects of chloroform, and
other agents of a similar kind.

I divide etherization into five degrees, which may be

called degrees of narcotism. The division was made accord-

ing to symptoms which may be observed before an operation

begins, leaving out of the classification the immunity from
pain, which can only be ascertained during the operation,

and which, curiously, does not correspond uniformly with the
state of the patient in other respects. In what I called the
first degree, there is exhilaration, or altered emotions and

sensations of some kind; but the patient still retains con-
sciousness and volition. In the second degree, the mental
functions may still be performed, but only in an irregular



manner; there may be ideas of a dreaming kind, and voluntary
efforts in accordance with them, or the patient may be pas-
sive. When mental excitement occurs, it is chiefly in this
degree, in which the functions of the cerebral hemispheres
seem to be impaired, but not yet abolished. In the third
degree, these functions appear to be totally suspended, but
those of the spinal cord and its nerves still continue to some
extent; the orbicularis palpebrarum may contract when the
eyelids are touched; there may be other involuntary motions
resulting from external impressions, and groans or cries may
occur, but no sounds of an articulate kind. There are also

sometimes, in this degree, involuntary muscular contractions
as an effect of the vapour-apparently a kind of excitement

of the spinal cord. In the fourth degree, no movement is
obvious, except that of respiration, which is unaffected by

external impressions, and goes on regularly, though often
with snoring or even some degree of stertor. It would seem
that the whole of the nervous centres are paralyzed by the
vapour, except the medulla oblongata. In killing animals
with vapours, I have observed the breathing to be difficult, or
feeble, or otherwise impaired, before it finally ceased; this
stage I call the fifth degree. There can be no doubt that
these degrees of narcotism correspond with different pro-

portions of vapour which are dissolved in the blood at the
time-proportions which I hope to be able to determine. A
certain quantity of vapour disturbs the functions of the cere-

bral hemispheres; an additional quantity appears altogether

to suspend these functions, and to impair those of the spinal

cord, and probably of the cerebellum; a still larger quantity

to suspend these latter functions, but to leave the medulla
oblongata more or less unaffected. As the vapour escapes from

the blood by the lungs, its effects go off, the patient passes

from the fourth degree to the third, from that to the second,

and so on, if the inhalation be not renewed.
It is seldom possible to perform an operation without signs

of pain unless the narcotism is carried as far as the third

degree,although,if performed in the second degree, the patient,



being unconscious, might not remember the pain, memory

being the continuance or revival of knowledge or consciousness,
which is something superadded to mere sensation, and not
the same thing. Some cases have indeed been met with, in
which it is stated that patients felt no pain, although they

had never lost their consciousness. I have not seen any such

case. I do not, however, deny the possibility of it, but I am

inclined to think it a mistake, and to believe that in these

cases the patients had been unconscious without knowing

they had been so, and had recovered their consciousness whilst

still inhaling, before the operation began. My reasons for

believing so are, that as vapours are often administered, the

strength of them diminishes as the process goes on, by the

cooling of the sponge or other apparatus, or by the liquid

becoming exhausted, thus affording the patient an opportunity
to recover; that on recovering, even after a long operation,
the patient often asserts that he is not yet insensible, until

he finds proof of his error; and that I have often known
patients to be conscious during some part of an operation
without feeling it, after they had been unconscious previously.

It is, then, generally necessary to carry the effects of chloro-

form or ether to the third degree, and sometimes to the

fourth degree, to be certain of avoiding the pain of an opera-

tion; but whilst patients are recovering from the effects of

the vapour, there is a greater immunity from pain, with the

same degree of narcotism, than when they are first getting

under its influence-consequently, it is seldom necessary to
keep up the effect even to the third degree, especially with

ether, which I consider has on an average a greater anms-

thetic effect, in proportion to the narcotism, than chloroform.

If some persons consider the anmesthetic effects of the new

agent which Dr. Simpson has introduced to be superior to
those of ether, it is probably because they have carried its

effects further than they did those of ether-perhaps further

than they had the power of carrying the latter with the means

they employed. After narcotism has been carried to the
fourth degree, the patient is nearly always insensible to the



operation in the third degree; and when insensible in the
third degree, generally remains so when narcotism has dimi-
nished to the second degree. With ether, indeed, it was
frequently observed that the patient remained insensible to
the knife after he had recovered his consciousness of sur-
rounding objects, and could even talk rationally. This I
have never yet observed with chloroform, although I have
taken notes of fifty cases.* This curious circumstance in the
effects of ether has, I believe, never bees explained. I have
an hypothesis to offer in explanation of it. I have looked
over my notes of cases of etherization, and have found that
the instances in which the insensibility to the operation out-
lasted the unconscious state, with only one exception, oc-
curred in subjects under twenty-five years of age.

This peculiarity, then, must depend on something in which
the young differ from or exceed the old. Let us take the
first characteritic iffienvrce between the opposite periods of
life,-the rotundity and smooth-flowing outline to which youth
owes its beauty and its chief feature: On what do they
depend ? They depend on the greater quantity of extra vas-
cular liquor-sanguinis or lymph in the cellular tissue, con-
nected with the more active nutrition which is going on.
Next let us consider what are the parts whose functions are
necessary to sensation,-doubtless the trunks and peripheral
expansion of the nerves, as well as the nervous centres.
Now, M. Flourens, I think it is, has ascertained that ether
applied directly to the nerves paralyzes them. The following
is the way, then, in which I explain this curious enigma:-

The narcotic vapour, dissolved first in the blood, passes in a
little time by exosmose through the coats of the capillaries
into the extra vascular fluid, immediately bathing the nervous
fibrillae, so as to establish an equilibrium between the quan-

* I have since met with one case of this kind under chloroform. It
occurred in Lucy H-, a widow, aged forty-seven, who had a large sero-
cystic tumour of the breast removed by Mr. Caesar Hawkins, in St. George's
Hospital, on Feb. 3rd. An artery was tied, and the wound sponged out
and dressed after she had recovered so as to recognise those about her,
without her feeling what was done.



tity in the blood and that in the lymph of the tissues. On
the other hand, whilst the vapour is leaving the blood by the
lungs, the current is greatest in the opposite direction-
namely, into the vessels; but this process must occupy some
time, especially in young subjects, in whom the quantity of
liquor sanguinis, free in the tissues, is considerable. Now
there is but very little lymph in the brain, cerebellum, and
grey matter of the cord; the blood, both liquid and globules,
in these parts is chiefly contained in the vessels in the young
as well as in the old. Therefore, as the vapour leaves the
blood, the central nervous matter, and particularly the cerebral
hemispheres, escape from its paralyzing influence at a time
when the peripheral expansion of the nerves, baihed in the
not yet de-vaporized liquor sanguinis,-especially in the
young,-remain incapable of receiving the impressions which
constitute the first link in the changes necessary to constitute
a sensation.

Chloroform,which is but very little soluble in water, probably
does not permeate the coats of the capillaries by exosmose so
readily as ether, and hence, perhaps, the reason why it never
exercises its anaesthetic effects after the nervous centres have
altogether escaped from its influence. The complete recovery
of the mental functions before the return of common sensi-
bility is but an extension, to a greater degree, of the almost
constant phenomenon of the insensibility being greatest during
recovery, as compared to the narcotism, and consequently the
above explanation applies to ordinary cases in a minor degree,
and to chloroform as well as ether.

Chloroform has certainly the advantage over ether of being
less pungent, and of being, therefore, more readily inhaled.
It has also one or two advantages not named by Dr. Simpson;
it occupies less space, and therefore excludes less of the air
that the patient breathes, as I stated in November. It has
another advantage, in not exciting a profuse flow of saliva,
as ether sometimes does, which is very troublesome; and when
the patient is on his back, as is the case usually in important
operations, the saliva, coming in contact with the glottis, causes
coughing at a time when the patient would not cough from the



pungency of the vapour. But some of the properties of chlo-
roform which Dr. Simpson calls advantages as compared to
ether I do not appreciate altogether as such. One is its
greater rapidity of action. Ether required four or five minutes
on an average to produce the full chirurgical degree of its

effects on the adult. Now it might be desirable to shorten
this time to a certain extent, but not, in my opinion, to less
than two minutes, not only to give ample time to observe its
effects, but also on account of a property in the action of this
class of vapours, which has not, that I am aware, been alluded
to; I mean, the cumulative property they have.* They act, it

* Two days after this paper was read, M. Sddillot made some very similar
remarks to the above in the Academy of Sciences of Paris, respecting his
experience of the effect of chloroform increasing after the inhalation is dis-
continued. They were reported in the Gazette Medicale of January 15th, the
day after an abstract of my communication appeared in the Medical Gazette.
M. Sddillot's remarks were to the following effect:-

" He recognised, with all the world, certain advantages that chloroform
possesses over ether; but these advantages appeared to him to be counter-
balanced by inconveniences which he believed it useful to point out. When
the inspiration of ether ceased, he said, the degree of insensibility produced
might be prolonged ; but it never appeared to be aggravated. In suspend-
ing the exhibition of ether, we prevented all accidents. It was not the same
with chloroform ; the pallor, smallness of the pulse, feebleness of breathing,
and coldness, went on augmenting in an alarming manner after one had
ceased to give it. On two occasions he had been seriously alarmed by the
threatened loss of life. Experiments that he had performed on animals
showed that these fears were well founded. Two dogs submitted for only
a minute and a half to the inhalation of chloroform, died rapidly, although
at the moment when it was discontinued, the respiratory movements were
very free, and the pulsations of the heart energetic. He believed it indis-
pensable not to be guided merely by the state of the respiration, as with
ether, but to suspend the exhibition of the chloroform as soon as muscular
relaxation commenced. In conclusion, M. Sddillot considered that chloro-
form, though preferable in many respects, was infinitely more dangerous
than ether in unskilful hands."

The insensibility induced by ether may increase after the inhalation is left
off, when it is administered rapidly, but never to a remarkable or dangerous
degree. I am afraid that M. Sddillot's directions would not always prevent
danger ; they would not, I think, have prevented the unfortunate occur-
rence near Newcastle a few days ago, which appeared, both from the
reported evidence and from a reply Dr. Meggison has kindly made to ques-
tions which I addressed to him, to be undoubtedly due to the effect increas-
ing after the cloth was removed from the patient's face. The way to avoid
danger with chloroform, besides closely watching its effects, is to take care
that the vapour is largely diluted with air. There should never be more
than ten cubic inches of vapour to 100 of air, and not more than half that
quantity when the breathing is rapid or deep.



is true, with great rapidity, yet, to become imbibed by the

blood, to pass through the heart, and reach the nervous

centres, must occupy a little time, and I have often observed

the insensibility to increase for twenty seconds after the inha-

lation has been left off. I have experienced this cumu-

lative property myself to extend to twenty seconds, by taking

a few inspirations of vapour, leaving off, and looking at a watch:

consequently, I like to have about six times this period, or

two minutes, for producing complete insensibility; but when

administered in the way Dr. Simpson recommends, chloroform

often produces its full effects in much less time than this. He

himself observes that he has seen a strong person rendered

completely insensible by six or seven inspirations of thirty

drops. Danger, it is true, may probably be avoided by put-

ting a limited quantity on the sponge or handkerchief, but

then the full effect might not be reached, especially as it

cannot be determined how much the patient inhales of what

is put on, and the dose would have to be repeated, so that this

plan is not very applicable in surgery; and Dr. Simpson him-

self recommends that " one or two teaspoonfuls of the chloro-

form should be at once placed upon the hollow of a handkerchief,

and immediately held to the face of the patient." He adds

that" generally a snoring sleep speedily supervenes."

What he is pleased to call a snoring sleep I should denomi-

nate the fourth degree of narcotism, which is separated only

by one degree more from a total cessation of respiration. I do

not consider that snoring, or even some degree of stertor, is

alarming or injurious, but I think it advisable not to induce

this state with such great rapidity, lest the narcotism should

proceed a degree further on account of the cumulative property

of the vapour after it is discontinued. Let us look at this
matter in another point of view. 100 cubic inches of the vapour

of chloroform contain 128 grains of the liquid. Half of this

quantity is enough, if inhaled within a minute or two, to pro-

duce the most complete insensibility; the whole quantity, if

inhaled rapidly, might undoubtedly cause death; for I have

observed that animals may generally be killed by half as much
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more vapour than will produce narcotism to the fourth degree.
If, for instance, an animal is rendered completely powerless in
two minutes by vapour of a certain kind and strength, death
takes place by continuing it for another minute; if rendered
powerless in one minute, then it dies in about half a minute
more. Now 100 cubic inches of vapour of chloroform may be
contained in 800 or even in 500 cubic inches of air. When
air is saturated with the vapour of chloroform at 60

° , 800 cubic
inches contain 100 of vapour, at 700, 500 cubic inches contain
the same quantity; so that the 128 grains of chloroform might
all be inhaled in four or five deep inspirations,and, consequently,
a person breathing deeply might inhale a fatal dose of chloro-
form in a quarter of a minute. This should be borne in mind,
especially by those who recommend that patients should
breathe deeply when inhaling. I always tell persons to
breathe quietly, and when I find, during the inhalation of
chloroform, that the inspirations are deep, I open the valve
for admitting the external air to further dilate the vapour. I
seldom induce total insensibility in less than two minutes, and
occasionally take three minutes. The exhibition of the chlo-
roform requires great care when it has to be repeated to keep
up insensibility in a patient already under its influence, during
an operation; and under all circumstances, it will require ad-
ditional care in summer, except an apparatus with a cold water

bath is used.
I for some weeks employed the same apparatus in the ex-

hibition of chloroform which I had used for ether; but after-
wards I contrived a more portable one, still employing this face-
piece, (see the annexed engraving,) which I have used with ether
since June last.) The sides are composed of thin sheet lead,
which can be moulded to fit the patient's features; and the ex-
piratory valve turns on a pivot, so that it can be moved aside

from the opening it covers,and external air admitted at the be-
ginning of the inhalation, and at any other time if required.
Mr. Hawkesley was, I understand, the first to invent a face-
piece containing flexible metal, and including both the mouth
and nostrils, admitting of respiration by both; but a face-piece
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The dotted lines indicate the position of the expiratory valve, when
turned aside for the admission of unvapourized air.

contrived by Mr Sibson, of the Nottingham Infirmary, was the
one which suggested this, and I got it to its present form by
several successive alterations,and in this shape it is extensively
used. Mr. Robinson had it adapted to his ether inhaler, and
since chloroformwas introduced,he has put a sponge into it, and
made some alterations in the valves, and thus formed an inhaler
out of it for chloroform, which very properly goes by his
name. One contrived by Mr. Coxeter, consists also of this
face-piece, with some additions. In this inhaler, which I now
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Perpendicular section of inhaler on a scale of one-half the dimensions.

a a. Water-bath.
b b. Point at which the water-bath is screwed to the inhaler, and near

which the inner cylinder is screwed to the outer one.
c. Inner cylinder.
d d. Point at which the inner cylinder terminates in wire, round

which bibulous paper is coiled, the outer cylinder being lined with the
same to this height.

e e. Outer cylinder.
f. Elastic tube.
g. Screw attaching tube to apparatus.

use, (see the above engraving,) I retain the water-bath, but of
smaller dimensions, the caloric absorbed in the evaporation of
chloroform being very much less than in the case of ether. I
never employ water of a higher temperature than 600. The

inhaler is suspended to the face-piece by a short piece of elastic
tube, merely to allow of its being applied in all positions of the
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patient. The bibulous paper which absorbs and gives out the
chloroform, only extends half-way up the cylinder, so that
there is little or no loss by spontaneous evaporation, the air
saturated with vapour being rather heavier than the air above.

I consider that, on the whole, chloroform is superior to
ether for adults, and that we are greatly indebted to Dr. Simp-
son for the introduction of its use. For children I prefer
ether to chloroform, when the choice is left to me, on account
of the greater rapidity of action of these vapours on them, as
I stated to the Society a month ago, although I have ad-

ministered chloroform several times to young children-one

of them aged only ten months-and with perfect ease, safety,
and success. I consider the less powerful agent of the two,
however, sufficiently strong for very young patients, and this
chloroform inhaler serves very well with the small face-piece
for exhibiting it to them.

Children are brought under the influence of ether, suffi-

ciently for an operation, in two minutes, and I think it im-

possible for the imagination to conceive any anmsthetic agent
more mild and efficient than ether is in its effects on children

-a less degree of narcotism than in the adult producing an

immunity from pain, and the liability to excitement being
absent. The ether, however, requires to be given to them

with an apparatus, by which the vapour can be introduced

into the air they are breathing, in the most gradual way;

otherwise the pungency of the vapour, when suddenly

admitted, makes them hold their breath, which is the case
with chloroform also when given to children on a sponge or

handkerchief. If it be desirable, as I believe it to be, that

we should have an agent which can be safely and generally

administered in this way to children, to women in natural
labour, and for tooth-drawing, and minor operations, by persons

of no special experience in the matter, it should be something
much less powerful than chloroform, and less pungent than

either of these vapours.
On account of its being in rapidity of action between

chloroform and ether, I requested permission to give benzin
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in St. George's Hospital lately. It was made for me by Mr.

Bullock, by distilling benzoic acid with slaked lime; it con-

sists of six atoms of carbon and three atoms of hydrogen, and is

the same thing as the bicarburet of hydrogen discovered by

Dr. Faraday, and obtained by him from condensed oil gas.

It succeeded very well in four cases of tooth-drawing without

any disagreeable effects, and in an amputation below the

knee it totally prevented the pain, and was followed by no ill

effects; but being pushed rather further than in the other four

cases, the patient, a woman, had some convulsive tremors for

about a minute, which I consider as a peculiar result of the

vapour when its effects reach the third degree, as the same

vapour caused the same symptoms in two white mice and in

some guinea pigs, and I never saw similar effects from ether

or chloroform. Benzin, consequently, does not seem suited

for severe operations. It has an aromatic odour; about the

same quantity is consumed as of chloroform. About one

drachm was used in the cases of tooth-drawing, and two

drachms in the amputation, but being less volatile it does not

act so quickly.
The property of totally preventing pain in severe operations,

and on other occasions of acute suffering, is most valuable

and important, yet these anmsthetic vapours sometimes confer
still greater benefits.

I administered the chloroform, three weeks ago, to a

gentleman, aged fifty-eight, on whom Mr. Coulson performed

the operation of lithotomy. This patient had been suffering

from diseased bladder for more than twelve months, and the

operation was recommended and submitted to as the only
means affording a prospect-and that but a doubtful one-of

recovery. He was so nervous and irritable, and the bladder

so sensitive, that he could be sounded only with the greatest
difficulty. Sir B. Brodie and Mr. Sams, of Blackheath, the
usual attendant of the patient, were present at the operation,
which was extremely difficult and protracted on account of

the calculus, which was of the fusible variety, being large,

and breaking whenever it was grasped with the forceps. It
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occupied three quarters of an hour, the patient, of course,
being kept perfectly insensible the whole time. Sir B. Brodie
remarked that he had only seen one case of lithotomy so
difficult, and he, Mr. Coulson, and Mr. Sams, expressed their
conviction that the operation could not have been performed
except for the insensibility produced by the chloroform.

The patient gradually and quietly recovered his conscious-
ness in the course of a quarter of an hour after the operation
was completed, and is going on well, but requires to have his

bladder washed out, on account of phosphates and mucus in
the urine, and he inhales the chloroform at his own request
on these occasions.

I administered the chloroform also lately to a gentleman,

to enable Mr. Henry Charles Johnson to reduce a compound
dislocation, backwards, of the last phalanx of the thumb,
which he had previously endeavoured to reduce without suc-
cess, as the patient could not bear the attempt to be con-
tinued. When insensible, the dislocation was speedily re-
duced. Mr. Gaisford, of Brompton, was present.

I am not aware that any disease, or any state of the general
health, forbids the inhalation of ether or chloroform, and it is
fortunate that the least favourable subjects for inhalation are
those least likely to require it-viz., persons in robust health.
There is not, however, any serious objection to it in such per-

sons; but there is occasionally a little difficulty, as they are
more liable to excitement in the second degree, and to rigidity
and struggling in the third degree of vaporous narcotism. It
has been said, and I stated the same opinion myself in the
Medical Gazette in March last, that disease of the heart or
lungs, to any notable amount, contraindicated inhalation. I
do not now deny this, but I am of opinion, that when persons so
situated require a painful operation, inhalation of the vapour
would be less liable to do mischief than the pain, or even
the anticipation of it. The inhalation of chloroform quickens
the circulation somewhat; that of ether, still more; and
therefore I think the former would be preferable when there
is any affection of the heart or lungs. I have given both
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vapours to patients with diseases of these organs, and have
seen no ill consequences.

Mr. Thomas Wakley, after detailing an extensive series of

experiments in THE LANCET of last week, draws the conclu-

sion, that ether, and more especially chloroform, cause con-
gestion of the heart and lungs during inhalation, and there-
fore would be dangerous in affections of these organs. He
arrives at this opinion from the congestion found in some of
the animals which were killed. I have met with the same
congestion in animals destroyed by these vapours, under cer-
tain circumstances, but I do not consider it any proof that
congestion exists during inhalation, confined within safe
bounds. The arteries are nearly always found empty after
death, but we do not conclude that they are empty during
life. The congestion of which I am speaking arises from the
circumstance, that in many instances in which animals are
destroyed by these vapours the respiration ceases, whilst the
circulation is still vigorous; they die, in fact, as if by asphyxia;
and it is on this account that, to avoid danger in exhibiting
vapours, we should attend to the state of the respiration,
rather than the pulse.

Frith-street, Soho, Jan. 1848.


