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DEDICATION.

7o HENRY CLINE, Ef;.

LECTURER ON ANATOMY, AND SURGEON
TO ST. THUMAS S HUOSPITAL.

DEeaAr Sir,

Tuar diftinguifhed eéminence you have
fo defervedly attained in the medical world,
and that gratitude you might fo juftly
claim from all your pupils, particularly
from one who is indebted for his chirur-
gical and phyfiological knowledge, not
only to your public but private in-
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"INTRODUCTION,

OF il the exertions of human fkill,
there is, perhaps, none which affords
more folid and lafting gratification, than
the reftoring to life thofe who are ap-
parently dead; none, furely, more emi-
nently fhews the -dignity and fruitfulnefs
of Philofophy, or more clearly evinces the
benefits that may be derived from the well-
direCted efforts of human underftanding.

This art (if fuch it might be called in
fo rude a condition) was, in former ages,
guided chiefly by blind prejudice ; the
knowledge of the animal ceconomy, and
of life, was not fufficiently extended, to
afford maxims of any value to the prac=-
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INTRODUCTION, 3

general ardour on this fubje&®, which was
not a little foftered by a cotemporary im-
provement in natural knowledge : I allude to
the philofophy of elaftic fluids, which has,
during the laft part of the prefent century,
received fuch incredible acceffions. The
do&rine of airs was {o intimately conneéted
with the {fubje@ of refpiration, that it could
not fail to fix the attention of Philofophers
on thefe cafes where its fudden {ufpenfion
was the caufe of death. It were fuper-
fluous to enumerate the various theories
offered by the Chymifts and Phyfiologifts
of this recent period.  Suffice it to remark,
that the Humane Society of London
deemed the fubje& fo perplexed with dif-
cordant theories, and fo fufceptible of
farther experimental elucidation, that they
publithed, m 1787, a queftion on zhe
nature of the difeafes produced by fubmerfion,
[ufpenfion, and noxious airs. Two difler-

B a2 tations,
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INTRODUCTION. g

any thing fo important to blind em-
piriciim 5 the example of thefe Gentlemen,
who ‘had from their pathology deduced
their cure, and the repugnance of their
inferences to each other, which counte=
nanced a doubt refpe@ing the accuracy
of either,—feemed to prove the neceflity
of remveftigating, by experiment, the na-
ture and caufes of the difeafe, previous
to the delineation of any plan of cure.
One of thefe Gentlemen attributes death
i thefe cafes to the quality of the blood
m the left fide of the heart, which has not
received from the air, that flimulant power
which fupports the aftion of that organ,
The other attributes it to apoplexy, I
was induced, fince the appearance of thefe
eflays, to attempt a feries of experiments
on the fubje®, which perhaps 1 fhould
not have cultivated with fo much ardour,

had I nct been animated by the example
B 3 of
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INTRODUCTION. .

fore, can with no propriety be faid to be
fufpended, when the vital principle is
prefent. The animal muft either retain
the principle of life, or be abfolutely and
irrecoverably dead. There is no inter-
mediate {tate between life and death. The

diftin@ion between the a&ions and powers

of life, which, with fo many other ad-

mirable obfervations in Phyfiology, we
owe: to the ingenicus Mr. Hunter,
clearly illuflrates the impropriety of the
language to which we obje&t. He has
proved that in many cafes, thefe powers
remain when the ations are fufpended.
The prefence of thefe powers alone con-
{titutes life, and forms the fole diftinétion
between inanimate and animated matter.
When they ceafe to be prefent, life is
not fufpended, but deflroved. Inftead there-
fore of employing the term Sufpended
Animation, we fhall adopt that of fu/pended

B 4 refpiration,
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INTRODUCTION, 9

which form the bafis of the following dif-
{ertation the moft {olicitous accuracy has

been every where ftudioufly fought.

To thofe who are in the habits of Phy-
fiological experiment, nothing is more fa-
miliar than the perplexing variety and re-
pugnance of their refults; twoexperiments,

though made in the fame manner on the

{fame order of animals, will rarely in every
particular agree; for it is not only true,
that different fpecies of animals, but that
different individuals of the fame fpecies,
poflefs various degrees of irritability. In
fome, irritability may be excited for feveral
hours after apparent death, others lofe
it in lefs than one. The caufe, however,
of thefe variations, where they have been
in any refpect confiderable, we have gene-
rally difcovered to be fome accidental aud
cxtrinfic circumflance, and by multiplying

and
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INTRODUCTION. it

fcientific purfuits. Their acutenefs has
refcued me from my prejudices ; and their
aid has given me a confidence in the cor-
retnefs of the experiments, which diftruft
in my own individual fkill would other-

wife never have permitted me to entertain,

. I have to mention with particular gratitude,

Mr. Aftley Cooper, whofe anatomical and
phyfiological knowledge needs no com-
ment; and Mr. Keir, a gentleman of
diftinguithed ingenuity, who favoured me
with his occafional afliftance. And it af-
fords me no {mall gratification, that my
much refpe&ted friend, Dr. Haighton,
Teacher of Phyfiology, in the Borough,
has made many experiments which cor-
roborate moft of the opinions here ad-

vanced.

Though fubmerfion be the meft fre-
quent, it is by no means the only cafe of

:lpparent






INTRODUCTION, 13

on a feries of experiments and obfervations
on thefe different modes of death, we
flatter ourfelves with the hope of having
eftablithed a general do&rine on premifes
lefs ambiguous and uaftable, than thofe
which have been the bafis of former

theories,

To afcertain phznomena is the firft
duty of every inquirer into nature. We
fhall, therefore, preface any inquiry into
the nature of fufpended breathing, by
the Phyfiology of the organs which are
its feat; thus delineating their natural
actions, before we examine their morbid
condition. The Phyfiology of the heart
and lungs therefore will conflitute our firft

fe&ion,

We fhall then proceed to deferibe the

p]‘f:.-E’!]ﬁl‘I}f:[]El.












SECTION .1
P{:-yﬁafﬁg y of the Heart and Lung.

IT 1s by no means my defign to extend
this inveftigation to every advantage that
refults from refpiration, as the voice, {mell,
&c, but merely to take a fuperficial furvey
of thofe funétions more immediately con-
nefted with /fe.

On this fubje® Dr. Goodwyn has be-
ftowed no {mall fhare of attention; and
though the refult of my obfervations does
not permit me to yield affent to many ofhis
opinions, yet the refources of his ingenuity
and perfpicuity of arrangement muft ever
claim admiration and applaufe.

& But
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( 19 )

The lungs themfelves are fomewhat
elaftic; but are paffive in refpiration. They
may not unfitly be compared to a pair of
bellows, and the mufcles of refpiration to
the power that works them. In their ftate
of expanfion, or when the mufcles of in-
fpiration a&, the cavity of the cheft is
enlarged; but when comprefled, by the
aftion of the mufcles of expiration, the
cavity is leflened and the air expelled,
Thus, by this alternate dilatation and con-
traction of the thorax, the procefs of refpi-
ration is fupported.

The action of thefe mufcles in a ftate of
health is involuntary, and is lefs influenced
by the will than moft of the other mufcles in
the body : we are able, however, for a fhort
nterval, to check or increafe their aftion,
but that it thould not be wholly fubfervient
to the will, 1s very wifely ordained; for

B otherwife






( 2)

It is therefore very probable, that the
pulfation of the heart is not governed by the
attion of the lungs in natural refpiration ;
and from an experiment in the next fection
it will appear that the right fide of the heart,
unaffifted by the aftion of the lungs, is ca-
pable of {ending blood to the left, even after
the refpiratiuﬁ has ceafed. If then the
heart, in a ftate of debility, can perform this
function independent of the lungs, can it be
{fuppofed unequal to it in the vigour of
health? Groundlefs therefore is the fuppo-
fition that attributes this office to the lungs

in ordinary refpiration.

But a fubje@ more delicate and abftrufe,
a {ubjet that of late years has been warmly
and ably controverted, now claims our at-
tention; I mean the alteration induced on

the blood in the lungs; the caufe on which
L : this
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fome noxious quality ; that in the lungs it
meets with atmofpheric air, containing a por-
tion of oxygene, which is known to poffefs
heat in a latent form; that it abforbs part of
this heat, and at the fame time imparts to

the air which remains its impurity.

That the blood having thus robbed the air

contained in the lungs of a portion of its la-
tent heat, and rendered that which remained

{fenfibly warm, the air is expelled, and freth

air taken in to undergo a fimilar procefs.

Dr. Crawford, in the courfe of his expe~

riments, had occafion to oblerve that animals

immerfed in a warm, did not fo foon con-

that muft ceafe to be heat when once it becomes infen-
fible; but as the term appears to convey the idea we
wifh, that of a principle or quality exifting in a body
which cannot be meafured, but under certain circum-

ftances can produce funfible heat, we have preferred it
to others,

C 3 {fume



o
fume a given quantity of oxygene as thofe
immerfed in a cold medium: nor is the rea-
fon inevident; for when the blood arrived at
the lungs, it had not loft {fo much of its tem-
perature, confequently did not require to rob
the air of {fo much of its purity; whereas, in
the other cafe, the animals being immerfed
in the cold medium, were obliged to gene-.
rate more heat: but to effect this, they muft
abforb a greater quantity of oxygene than
thofe in the warm medium, It is alfo ob-
ferved, by the fame author, that the differ-
ence between the colour of the venous and
arterial blood was diminithed by expofing
animals to heat, and increafed by expofing

them to cold,

The object of thefe experiments was to
'vae, that 1n proportion as the atmofphere
15 cold, more or lefs fire is abforbed from

the air, to keep up an equilibrium of heat;

and
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and it is remarkable that the animal in the
warm medium died firlt, notwithftanding
the blood was florid, and the furrounding air
more pure than that which the animal

breathed when in the cold medium,

The one dying fooner than the other
probably depended on debility ; that the one
in the warm medium, from being obliged to
generate cold, or more properly refij? heat,
was rendered weaker than the other, from
this procefs being more expenfive to the
dyftem than generating heat; for there
appears {uch a tonic power in cold, that an
animal will allow of its natural heat being
diminifhed feveral degrees without inconve-
nience, but cannot fuffer its fenfible heat
to be increafed more than fix degrees at
moft of Fahrenheit, without death taking
place. Hence it would feem that although
the fluids of the one contained more of the

ftimulating
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in one infpiration; fo that thofe in the
colder climates, although they breathe no
quicker, nor take in a larger volume of air,

yet they rob that air of more of its latent

fire.

The .cold atmofphere, bulk for bulk,
muft be {pecifically heavier than the warm,
and, weight for weight, the bulk will be
lefs; fo that any given quantity of air, in
proportion as the temperature is diminithed,
its volume muft decreafe; and vice verfa.
Hence in a cold atmofphere, although the
. volume of air taken in at each infpiration
be the fame, yet in that volume a greater
number of particles of air are received into
the lungs; and it alfo feems probable, that,
weight for weight, this atmofphere fhould
contain more oxygene than the warmer,
fince it is generally allowed that in propor-
tion as its warmth i5 increafed, it becomes a

better






( 29 )
It feems alfo more than probable that the
blood ftill retains a quantity of fire in a latent
form after it has paffed through the capil-
laries and entered the veins ; for, on apply-
ing preflure to a vein in common bleeding,
the longer a ligature is applied the darker
the blood becomes; and at the conclufion
of the operation its colour aflumes nearly a
florid hue; which corroborates the opinion
that it may poflefs a confiderable portion of
the latent principle after it has entered the
veins; and that this blood is capable of con-
tinuing the fame procefs, fo loag as it con-
tains any heat to evolve. In fever, the ve-
nous blood is fometimes nearly florid; and
Dr. Crawford found that when animals
were immerfed in a warm medium, the
blood paffed through the capillaries without
undergoing the ufual change: both which
circumf{tances tend to prove, that the blood

contains more or lefs of that principle ab-
forbed
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< 5 )
the demand, the temperature of the whole
animal muft be the fame. With a view to
- afcertain the comparative temperature of
arterial and venous blood the following

experiment was made,

EXPERIMENT.

A Dog was hanged, the fternum imme-
diately removed, and the Jungs inflated
until the blood in the left auricle became

Jforid.

The contractions of the whole heart at
this time were powerful; and Mr. Hunter’s
thermometer being raifed to 98° was intro=
duced through an opening in the pericar-
dium, and placed on the right fide; the
mercury rofe to 99° and then became fia-
tionary; it was removed to the left, and the

6 temperature
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temperature, the colder body muft rob the
warmer of fo much fenfible heat as is ne-
ceflary to make them nearly equal ; and the
temperature of the fubftance of the left au-
ricle and ventricle is kept up above that of
its contents, and equal to that of the right
fide from the heat evolved by the blood in
the coronary veflels; but as the fenfible
heat of the blood in its paffage through the
lungs is only flightly diminifhed, its latent
heat muft be confiderably increafed. In-
deed when it is confidered that the blood
veflels in their paffage through the lungs
are always expofed to the air infpired, and
that the heat of this air is often increafed
or diminifhed 40° of Fahrenheit, without
altering the warmth of the blood even
3% can there be a doubt but that the
blood which warms the air muft in
the lungs receive a frefh Jupply of heat ?
If the pulmonary veflels were diftended

D with






0 35.)
To eftablith the fa& the following expe-
riment was made.

EXPERIMENT;

A cat was ftrangled, the cheft immedia
ately opened, and the lungs inflated, when
the blood in the left fide of the heart be-
came florid ; an aperture was then made
in the pericardium, and the mercury of
a thermometer being raifed to 99°, the
temperature both of the right and left
fides of the heart was exaltly 98°: on open-
ing the left and introducing the thermome-
ter, as in the laft experiment, it fell below

97°; but on examining the right internally,
it rofe to near 9g°.

So far does this experiment agree with
our laft; but the temperature of the blood

was re-examined fifteen minutes after, and
D 2 1n{tead






{ 37D

We fcarcely know of any animal, om
whofe blood the air does not, cither directly
or mdirectly, induce fome change ; and the
great object of this change appears to be the
fupport of animal heat ; and from the heat
cvolved the zrritability * of the animal is
{upported.

There are animals whofe atmofphere is
equal to their own heat ; and it has been
the opinion of fome phyfiologifts that in
thefe inftances their animal warmth is fup-
ported by the furrounding medium.  If this
be ever the cafe, it probably is in afcarides,
and other animals of the fame {pecies, where
the temperature of their medium fcarcely
ever varies; but I fhould much doubt if this
be the ceconomy of any animal which is

placed inan element {ubject to alterations of

* The term irritability is here employed to exprels
nothing more than a fufceptibility of aélion.

D 3 tempe-






\ %59
to be regarded as the fource of animal
heat.

That mere diftention is the ordinary fti-
mulus that excites the action of the heart,
15 the opinion embraced by fome phyfiolo-
gifts. Nor is it indeed improbable that a
certain degree of diftention produced by
blood of a due temperature, conftitutes the
principal power which ftimulates the heart
to contract; for this power of reaction,
when ftretched beyond a certain tone,

{eems a property inherent in all mufcular
fibres,

Nor do we deny that the heart, when
void of blood, and feparated from the body,
retains this action ; but this is not peculiar
to the heart alone ; mufcles, whofe natural
actions depend on the ftimulus of the will,

D 4 pofiefs
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( 41 )
faying that mufcles performing the fame
Sfunétions, act from difimilar caufes, which
it is neceflary to prove before any analogy
can be eftablithed to favour this hypothefis.

It is far therefore from being certain that
the different fides of the heart derive their
action from different ftimuli : and let us but
examine the foetal circulation, and it will
appear that both fides of the heart contra&
from the ftimulus of blood nearly of the
fame q_ualit_-y; that this blood is not ﬂﬂri&
in either; for even in the umbilical vein
it has updergone but a very imperfe&
change *, if compared with that induced on
the blood which pafies through the lungs

of the adult; morcover, that the greater

* We take it for granted that the old opinion, of there
exifting an actual circulation betwveen the blood wveflels
of the mother and child, is now exploded, as numerous
experiments have been made to prove the contrary.

part
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heat is imparted to the feetal, by the mater-
nal blood, as is neceflary to reftore the
equilibrium of abfolute * heat. The heat
therefore which is received by the feetal
blood will be fmall, in comparifon with that
imbibed by the blood of theadult in the adt
of refpiration ; as only that quantity of heat
can be imparted from the maternal to the
feetal blood, as can make both their qualities
with refpe to heat equal.

When the feetal blood has undergone
this change, it is returned by the umbili-
cal veiny and part of 1t will pals through
the dutus venofus + into theinferior cav,
and mix with the blood brought from the

- #* By ablolute heat, we mean the latent znd fenfible
heat combined.

+ The horfe has no du€us venefus ; the blood there-
fore in the umbilical vein of this anjmal muft 2ll pafs
through she liver,

lower
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auricle, without receiving any fupply of
heat, has paffed through, and imparted heat
to the lungs.

If the quantity of blood conveyed to the
placenta by the umbilical arteries, be com-
pared with that fent "to the head, {uperior
and inferior extremities, and trunk, it will
be found that not one fifth part of the blood
woes to the placenta at each revolution, nor
can this blood receive but Aalf the beat the
maternal blood contains; meoreover, as. all
the blood of the feetal horfe muft firft pafs
through the capillaries of the liver before it
arrives at the heart; and as that of other
animals which does not all pafs through
capillaries mixes with venous blood, 1t 15
obvious that both fides of the foetal heart
contrac@ from the {timulus of black blood,
and that the blood of the left fide muft be
blacker than that of the right.

From
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the temperature being uniform, there is no
occafion for more being abforbed than is ne-
ceffary to fupply the confumption of feetal
heat, If the whole of the feoetal blood
went to the placentaat each revolution, the
heat abforbed would exceed the demand, and
produce mifchief ; for the power of refifling

heat muft then be called forth to action;
and this in the foetus 1s very inconfider-

able.

On the adult, nature has wifely be-
ftowed two powers for generating cold ;
that of evaporation from the furface of the
body, and a power independent of this ; but
the feetus can only poflefs the latter, as no
evaporation can take place from the furface
of the body ; and as the feetus is deprived
of this power, and as the temperature of its
furrounding medium, the liquor amnii, is fo

much above that of our atmofphere, if an

equal
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expofed. We are therefore immerfed in
an atmofphere fupplied with fufficient
oxygene to anfwer our demand; and by
cvaporation, from perfpiration, &c. we are
enabled to refift heat, {o as to prevent its
undue and deftru@ive accumulation. ~ On
the other hand, from the warmer medium

which encompaffes the faetus, we may oa-
ther the reafon why a fmaller portion of

heat fhould be imbibed, and from this being
limited, why it ftands in no need of evapo-
ration for the generation of cold,

Were the change induced on the blood
during circulation intended fo/ely as a flimu-
lus to fupport the alion of the lft Sfide of the
beart, as maintained by Dr. Goodwyn, then
fhould the alteration produced in the foetus
be equal in degree to that produced in the
adult ; but that this is not the fa@t we have

already, and we hope not unfuccefsfully,

E endeavoured
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( 51 )

If therefore the left fide of the feetal heart
and the whole of the arterial {yftem poffefs
no ftimulus but that of black blood; if the
pulmonary artery in the adult be excited
only by this blood ; if, in a word, the heart
of fithes a& on no other blood; 1s it not ob-
vious (at leaft as far as indu&tion and ana-
logies can prove) that in the adult alfo ve-
nous blood can excite the a&tion of the /f?
Jfide of the heart, and confequently that the
two fides of the heart do not require to be
ftimulated by diffimilar caufes ?

From confidering that one fide of the
heart in the adult circulation contains
black blood, and the other florid ; and that
in {ufpended refpiration the left fide firft
ceafes to ad&t, when both contain black
blood ; Dr. Goodwyn, we prefume, was
induced to conclude that venous blood,
which fupports the acion of the right fide,

' E2 was
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£ 55 9

and nourithment to the whole of the heart
and in ordinary circulation it is probable
that the heart derives its heat principally
from the blood in the coronary veflels ; but
if the motion of the circulating fluid be
checked, or totally fufpended, then would
the blood in the cavities of the heart
continue to undergo the fame procefs ; at
leaft fo long as it poffefied any heat in a
latent form : for it has already been proved,
that if blood be delayed in the larger ar-
teries, it is known to aflume the {fame
change and appearances as when it has pafl-
ed through capillaries. The blood within
the coronary veflels not only {fupplies the
left fide of the heart' with heat, but alfo the
right; and although the blood in the left
fide of the heart may contain 6o degrees of
. latent fire, when the right pofiefles but
fix ;5 yet if the fenfible heat evolved be only

E3 equal
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equal to two, their temperatures will be
the fame.

The refult of multiplied experiments
authorizes the affertion, that immediately
after the acion of the left fide of the heart
is increafed by florid blood, the right alfo
becomes equally affeéted ; nor is this effect
an unnatural or unexpefed confequence ;
for as the coronary veflels foon receive this
blood, and as thefe veflels are going to both
fides of the heart, the heat and irritability of
both muft be equally increafed.

One of the ftimulating powers that keeps
up the aétion of the heart, we have already
fuppofed to be diftention; but this muft
ceafe to act as a ftimulus whenever the qua-
lity of the blood becomes incapable of {up-
porting the irritability of the heart, by im-
parting to it a certain proportion of heat.

Dr.,



TR

Dr. Cullen imagined that the heart’s
continuing to act after breathing had ceafed
arofe from habit; but were that the cale,
why fhould the acion of the right fide of
the heart outlive that of the left ; and why
thould not this influence of habit extend
equally to arteries ?

Inflating the lungs foon after refpiration
has ceafed, generally increafes the action of
the heart. This in the firft inftance de-
pends on the procefs of circulation being
forcibly carried on and affifted by the ne-
ceffary ftimulus imparted from the air to
the blood of the coronary arteries, which
increafes the living powers of the heart
and renders it more fufeptible of action.

To this opinion, of the attion of the heart
proceeding from mechanical ftimuli, Dr,

Goodwyn oppofes this inference : 1f it were
E 4 {o,
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¢ the left auricle and ventricle are imme-
¢ diately effected by the quality . of the
“ blood paffing into them.”

We fhall endeavour in the next fe&tion
to demonftrate, by experiment, that no al-
teration can be produced on the blood in
the trunks of the pulmonary veins and left

auricle, if the communication be cut off
from the right fide of the heart: and it

muft be manifeft, that if the blood a/ready
in the left auricle could receive an imme-
diate change from the air in the lungs, the
right, which is equally in conta&t with
them, thould alfo receive it.

That the right fide of the heart conti-
nues to act after the left has ceafed, isa
phznomenon that has been noticed by
many phyfiologifts; but few, if any,
have attempted to unfold its caufe. Indeed

Dr.
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Dr. Goodwyn appears to be the only one
who has ferioufly endeavoured to explain
its rationale, and attempt its illuftration ;
and though there is no authority to which
we would more gladly refer, yet we can-
not here adopt his opinion, that the left au-
ricle and ventricle firft ceafe to ali, from the
ineptitude of venous blood to excite their con-

traction ; and that this is the immediate caufe
that fufpends circulation in drowning, Se.

But in order to explore the true caufe

of this phanomenon, let us once more
recolle& that the blood, when it arrives at

the right fide of the heart, has loft the
greater part of its latent heat ; that in health
it receives this fupply in the lungs; but
that, 7z fufpended refpiration, the blood paffes
through the minute ramifications of the
pulmonary artery into the pulmonary veins,
without receiving this neceflary quality,

and
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and inftead of abforbing, muft evolve sts
beat.

An effential difference thus takes place
between the blood of the two fides of the
heart ; the right is diftended with blood that
ftill poffeffes latent fire to evolve; but the
left has little blood in quantity, and that little
has not received but given out heat, to the
whole fubftance of the lungs; and as the
blood in the one is furnifhed with more
heat to evolve than the other, and as the
ftimulus of diftention is greateft at the right
(ide, the action of the one is continued
when no effe® is produced on the other.

That, in ordinary circulation, both fides
of the heart might derive their heat princi-
pally from the blood in the coronary vel-
fels, has already been remarked ; but as this

blood in fufpended breathing contains little
or
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quality of its blood from that of the right ;
that moreover this difference in quality pro-
* ceeds from that of the left having been rob-
bed of a quantity of its heat in its paffage
through the capillaries of the lungs s if, I
{ay, thefe facs can be eftablithed, then the
temperature both of the right fide of the
heart, and its contents, thould be greater
than that of the left in this difeafe,

The refult of the two laft experiments
we have mentioned, allowed us to con-
clude, that both fides of the heart externally
are of the fame temperature when the blood
has received its due change from the air,
though the temperature of this blood thus
altered is inferior to that of venous; and
though the warmth of the blood of the left
fide be at firft lower in degree, yet its heat
foon after becomes predominant.

The
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This experiment was repeatedly made on
animals that had been drowned and hanged,
both without and within the heart, and
there occurred a few inftances where there
was fcarcely any difference in the tempera-
ture of the two fides at fir/7 ; but in all the
temperature, both of the heart and its con-
tents, was predominant in the right, before
the left fide had entirely ceafed to a&. It
therefore appears, that the blood which
paffes through the lungs into the left fide
of the heart, without receiving from the air
the neceffary change, inftead of being more
tenacious of its heat than the right, on the

contrary lofes it {fooner.

Thus we fee the refult of experiment
fan&ions and juftifies the predi&ions of
theory, that when blood paffes from the right
fide of the heart to the left, without having
been expofed to oxygene to abforb its heat,

it
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Dr. Goodwyn having obferved that in
this difeafe all the cavities of the heart con-
tain black' blood, was induced to conclude
that its other qualities were exaély fimilar s
but had it been confidered that in thefe cir-
cumfitances the blood, in its paffage through
the lungs, fuffers a deprivation of its re-
maining heat, without the acceflion of a
new fupply, the caufe whence originates
the difference of irritability in the two fides
of the heart would have no longer remained
obfcure, nor would the Doé&or, to explain
this phenomenon, have been reduced to the
fuppofition that the fame mufcular fibres
were excited to action by different caufes,
and that the blood of the fame quality that
flimulated the right fide to contra&, was
incapable of producing the fame effe@ on
the left ; but this difference would have been

difcovered to arife from the left having loft

F a greater
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right the irritability of the left; as it is found
necetlary to the effeting a recovery, that
the right fhould firft contra®, and {upply
the lungs with blood to receive a change
from the air in order to excite the left fide
of the heart.to aGion; the right, in this {up-
pofition, would foon be incapable of perform-
ing this funéion ; whereas, from the right
continuing to contrat after the left is mo-
tionlefs, it is thus capable of propelling blood
through the lungs into the left auricle,
which being once reftored by the arrival of
duly prepared blood (even though it fhould
have ceafed to a& from the ftimulus of its
own) is cnabled, by the frefh fupply of this
ftimulating quality, to revive, aud the aion
of the whole heart is increafed ; but i€ the
irritability of the left fide were at it pre-
dominant, it would get rid of its own blood,
and the feeble a&ion of the right fide be
_incapable of fupplying it with more.

| F.2 Thus
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left, and confequently greater irritability ;
for let us fuppofe fhat, at the time of birth,
the umbilical chord 1s prevented from car-
rying on the circulation to and from the
placenta, the blood that runs to the left
heart, from its being-obliged previoufly to
pafs through the capillaries of the lungs, is
deprived of a portion of its ftimulus: and
thus, in the morbid ftate, is the fame pro-
vifion made for the feetus as for the adult,
though their natural circulation be widely
different,

There is reafon to {fufpe& that in man
there does not exift {o much irritability as
in animals of more fimple conitruction ; for
it {feems that in the more perfeét or compli-
cated, as mhn, whofe {entient powers are
greateft, the vital are leaft ; and we believe
this will hold good in gradation with all the

F 3 inferior
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and this being the great fenforium, the
whole animal receives the alarm, and an
immediate effort is made to remove the
caufe of the injury. But inferior animals,
that are unprovided with nerves and brain,
that are confequently deftitute of fenfation,
and wholfe powers of inftinét are but feeble,
Nature, we find, to compenfate for this
want of fenfation, has enabled them to with-
ftand injuries to a greater degree than thofe
that aré furnifhed both with brain and
nerves. Animals alfo that are endowed
with fuperior fagacity, pofics but a {mall
degree of irritability ; and it feems to be
juftly remarked, that the irritability of ani-
mals decreafes as they advance in age.
This was certainly intended for the fame
excellent purpofe, that of {fupplying the de-
fect of fagacity while young ; but when the

fentient powers become adequate to the
F 4 necellity,
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neceffity, this exquifite irritability, which

was fo wilely bgﬁuweci on them while

young, is no longer required.

In different fpecies of animals, we have
fometimes obferved that after re{piration 1s
{ufpended, from drowning, &c. &c. {carce
any action remained in the right fide of the
heart; but in feveral experiments the caufe
of this phznomenon was found to arife
from an over diftention of the right auricle
and ventricle ; for when a {mall punéture
was made in the anterior cava, and a
pDI‘ti:DI'l of the blood contained in the right
fide of the heart expelled, its contraction

became extremely powerful.

Here, then, was indireét debility brought
on from over-diftention ; and there is rea-
fon to fufpeé that this morbid accumu-
lation of blood may trequently happen

' from
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from the methods of recovery ufually
adopted, and in various other difeafes.

There remains a fufceptibility of a&ion
in almoft every part of the body for {fome
time after the fufpenfion of the fentient
powers ; but as animals, whatever may be
the caufe of their deftruction, begin to die
firft at the extreme and exterior parts; fo,
in fufpended refpiration, from drowning, &c.
we find the irritability of the heart outlives
that of any other part of the body. One
exception, indeed, has occurred, where the
heart and extremities ceafed to act nearly

at the fame time.

From confidering the length of time the
heart may be made to contralt after breath-
ing has ceafed, there can fcarce be any
doubt, if eletricity be unable to excite it to

action, but that life is irrecoverably loft ;
for,
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and which is many hours longer than we
have been able to excite action in any
external “part,

At firft view it feemed probable that irri-
tability and animal heat might be coequal ;
that, from the latter being prefent or abfent
to a certain but unknown degree, we might
be able to draw a prognoftic of the prefence
or extinétion of the other; but ful)ﬁi‘quent
obfervations difcovered this to be erroneous s
for, as there are few whofe folids are not
very differently excited to adion by the
fame caufe, fo the quantity of heat evolved
from the blood, that would fupport irritabi-
lity in the one, would produce no effe& on
the other.

This opinion is confirmed by the follow-
ing experiments :

EXPERIMENT.
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Here, then, a&tion continued in the one
more than twelve times longer than in the
other, though with a degree of heat much
inferior. We have alfo had a farther oppor-
tunity of being convinced that heat and irri-
tability do not always co-exift, from the
bodies of two perfons that had been execu-
ted. A powerful electrical fhock was giv-
en, without producing the {malleft exter-
nal a&tion, although three hours after exe-
cution the temperature of one was 8o°
externally, and the other 82° at the expira-

tion of two hours and one-half,

This fuperior degree of heat, above that
of the atmofphere, does not proceed from
the prefence of life; for the longer or thorter
continuance of {enfible heat of any ani-
“mal muft always be proportionate to the
quantity of latent fire the blood contains,
and the temperature of the furrounding

medium ;
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medium ; whereas the difference of irritabis
lity much more depﬂnﬂs on the readinefs
with which the folids aét when this ftimu-
lus 1s applied, than on the quantity of heat

evolved.

Why the fibres of one animal of the fame
{pecies thould more readily aét than thofe
of another, from the fame caufe, and how
we are to difcover the different degrees of
this fufceptibility of action in each particu-
lar animal, 1s a queftion not lefs important
than intricate to unravel. As we have en-
deavoured to prove that beas and irritability
do not neceflarily co-exift, this may at firft
feem to militate againft the opinion of heat
being effential to the fupport of irritability ;
but in reality it does not, for although the
fibres of one animal fhall act with its tempe-
rature at 60°,and the fibres of another thall
ceafe with its temperature at 9o°; yet this

6 only
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onilly proves that the folids of ‘the one a&
from a flighter caufe than thofe of the other,
and not that the ftimulus of heat is wanting.
A’ certain  quantity of inebriating liquor
thall produce violent effeéts on one perfon,
when a much greater quantity fhall have
no effe¢t upon another.

Diffimilar effeéts alfo take place from the
fame temperature ; for although the heat of
one animal may exceed that of another, and
where the inferior degree of heat is prefent,
the greater effe&t be produced ; yet the -
mulus In quality is the fame, and the dif-
ference of action depends on the moving
powers of the one being more readily cx-
cited to a&t than thofe of the other, Never-
thelefs, though no decifive prognoftic can
be drawn of the prefence of wrritability,
from the prefence of any dnown degrec of
beat, yet the nearer the degree of heat

approaches
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SECT1O0ON I

On the common Effells of Drowning.

THE general cffets of {ubmerfion have
been defcribed by others; and the refult of
our obfervations will be found nearly fimi-
lar to that obtained by thofe who have
already written on this fubjeét. But, as it
was neceflary firft to examine the appear-
ances of animals under that circumftance,
before any clear idea could be formed
of the proximate caufe of the difeafe,
we fhall begin with a defcription of the
vifible effe®s that ufually arife from

drowning,

G As
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quantity of water, in the form of froth.
The {tomach, on examination, prefents alfo
a little water, which probably paffes into
the cefophagus when the rima glottidis
becomes clofed by the epiglottis; for, as
the water contained in the mouth is then
refufed admittance into the trachea, it
fhould feem, that, at that moment, it makes
its way into the ftomach ; fo that, as foon
as the amimal attempts to infpire, water
enters the orifice of the trachea; but this
organ, as if confcious of not receiving its
due element, rejetts the water, which is
then allowed to pafs into the cefophagus.
Air is again emitted, and new efforts made
to infpire, when, upon the fame fenfation
being produced, fimilar effe@s arife; and,
after the laft expiration, no more water en-
ters the lungs, or ftomach. If the rima
glottidis as foon as irritated was not clofed

by the epiglottis, there would be found as
G2 much
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experiments fo afcertain this 'point have
uniformly agreed with his, > 7 7

It has been mentioned by Dr. Goodwyn,
and other Phyfiologifts, that the risht auri-
cle and ventricle are found FULL; but there
feems to be fome degree of impropriety in
the expreffion ; for by the ferm FuLr is oe-
nerally underftood, a cavity replete without
vacurty; and if {o, the left ventricle fﬁay be
faid to be fu/} when diftended only to half
its natural fize, as it adapts itfelf to the vo-
lume of blood it contains, and in proportion
as' the quantity increafes, the cavity en-
larges, until it attains a certain degree of
diftention, when it re-adls, ‘If “the heart,
therefore, contain but a fmall quantity of
blood, the fides of the auricle’ or ventricle
will be in conta& with it, and the cavity be
thus obliterated.  Hence! we prefer the

term diffention to that of fulinefs.
G 3 The
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‘ EXPERIMENT Il

"
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A Cat was drowned, and when the
heart had ceafed to vibrate, the two cave,
pulmonary artery, and aorta were fecured
as before. The proportions of the r,tght
were to the left as 2 to-1. *

Thefe experiments were repeated, and
the quantities varied ; {ometimes being as
7 to 4, at other times as § to 2, or as 12 to
7. So that, at a medium, the proportions
of the right are to the left as about 31 to

15. The lungs were ,uni,fﬁﬂ_nlly in a ftate
of collapfe. .

Dr. Goodwyn has made fome experis
ments to afcertain the precife quantity of
air contained in the lungs  after dl:ath,;-

. T
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Thefe experiments, however, are by no
means conclufive; for whatever may be
the caufe of death, the animal dies with an
expiration, and the tendinous part of the
diaphragm is thruft up as high as the fourth,
and fometimes as high as the fifth inferior
rib; and therefore the application of a com-
. prefs round the abdomen does not feem
adequate to prevent the diaphragm from
defcending. Could this event be effeéted,
as the ribs cannot be kept at any fixed

point, and as the air contained in the lungs

was not collected, the experiment gan by
no means authorife any legitimate conclu-

{ion,

Dr. Goodwyn obferves, that atmofphe-
ric air, by means of its gravity, will enter
into the cheft, and, by its preflure on the
external {urface of the lungs, oblige them
to collapfe. This obfervation, we pre-

{ume,
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fume, 1s accurate ; for according toa well-
known:law in hydroftatics, air and all fluids
prefs equally inevery diretion. However
great, therefore, the quantity of air may
be in the lungs after the laft expiration, the
preflure of the external air cannot be fup-
pofed toaffift in expelling it.  This appears
obvious on a common bladder inflated,
which the preffure of the external air by
no means contributes to collapfe, but in the
fame manner as the lungs, where the pref-
fure is equal, its evacuation will depend on

its own elafficity and werght.

Thofe who die a natural death muft
always have a portion of air remaining in the
cheft, fince the lungs cannot be thoroughly
evacuated by one expirzftion; but in drown-
ing, &c. repeated expirations are made with
ineffeCtual  attempts to infpire. What,
therefore, Dr. Goodwyn has advanced on

3 this
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this head, appears neither eftablithed by
argument, nor countenanced by fact. But
to determine the point, the following ex-
periment was attempted.

EXPERIMENT.

A Cat was drowned, and after the ufual
ftruggles had ceafed, the trachea was fecured
by a ligature, the cheft opened, and the
lungs taken out. A glafs tube, divided into
drachms and half drachms by meafure,
was filled with water, and inverted in a
bafon containing the fame fluid. The
trachea was then placed under the tube and
divided, and the lungs being prefled, not
half a drachm of air efcaped. The fame
lungs when diftended contained 16 drachms
of air,

This
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‘This experiment ‘was feveral times re-
peated on different animals, and fometimes
fearce a bubble of air was‘collefed ; in' rio
inftance was the proportion of air in infpir-
ation, to that remaining in the lungs after
expiration, {o {mall as 1o to 1. The Heart
has frequently been obferved to contract,
or more properly to vibrate, for more than
two hours after refpiration was fufpﬂnded
and that from no other ftimulus but its
own blood ; while in other experiments the
vibrations did not continue one tenth part
of that time. The 1ight fide of the heart
preferves its a&ion much longer than the
left, and the auricles longer than their cor-
refponding ventricles.

The periftaltic motion of the inteftines
does not continue as long as the contrac-

tions of the heart; and on opening the head,

the
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feeces and urine were difcharced. In lefs
than four mioutes he ceafed to move,
The air-tube was tied, the cheft opened,
and we difcovered the fame appearances
after hanging as after drowning; the lungs
collapfed; the right fide of the heart over.
loaded with blood ; the left auricle and ven-
tricle about half-diftended.  The aofta and
its branches contained blood, in quaatity
and colour fimilar to that from drcwning.,

Hence it appears, that, when an animal
18 {ufpcudcd, the mufcles of expiration are
capable of performing their funions ; nor
are the mufcles of infpiration deprived of
their action : but, as the preflure of the
cord overpowers that of the external air,
and clofes the opening of the trachea,
the lungs are not found expanded, but
collapfed.

Our
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other times, the proportions in infpiration
were, to thofe in expiration, as 11 and 12
to r: but, in all inftances, the quantity of
air that remained was very inconfiderable,

In the next experiment, we endeavoured
to afcertain the exact proportion of the
blood in the right fide of the heart to
that in the left, after hanging.

EXPERIMENT.

A dog was fufpended by the neck till
he ceafed to move. The two cave, pul-
monary artery, and aorta, were fecured by
ligatures ; and, after a careful infpection
of the heart, it was found, that the pro-
portion of blood in the right, was, to
that in the left, as 2 to 1.

H The
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SECTION 1V.

Common Lffecis of Noxious Ajrs,

It has been generally fuppofed, that when
animals were immerfed in any air unfit
for refpiration, it was both taken into their
lungs, and again expelled, During which
procefs a deleterious effe@ was produced on
the fyftem that terminated in death.

This fuppofition is, however, {upported
neither by argument, experiment, nor ana-
logy; for we find the lungs equally co/-
- ‘apjed in thofe animals deftroyed by noxious
air, as in thofe which have been drowned.
In both cafes, the firf expiration is by
no means {ufficient to exhaufl the lungs.

H 2 The
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only to £ of a drachm*; whereas, in the
diftended ftate, thefe lungs contained 14
drachms and 4.

In the repetition of this experiment, dif-
ferent kinds of impure air were employed ;
and the proportion of it in the diftended
to that of the collapfed ftate was frequently
as 40 and fometimes even 5o to 13 and in

every inftance the quantity of remaining air
was very inconfiderable.

The next obje®t was to determine the
exalt quantity of blood in the right and left
fides of the heart.

To afcertain this, the following experi-
ment was repeated.

* We here mean the fame bulk occupied by half a
drachm of water,

H 2 EXPERIMENT
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We here alfo remarked, that the irrita-
bility of the heart continues but little
longer than the periftaltic motion of the
inteftines; and that, in thefe experiments,
they both ceafed fooner than in animals
deftroyed by drowning or hanging. Nor
was this irritability in any one inftance
manifeft from artificial ftimuli after re-
{piration had been fufpended one hour and
five minutes. In fome rabbits, deftroyed

by nitrous gas, the heart ceafed to contract,
from its own flimulus, in lefs than four

minutes.

From the uniformity of thefe effeéts
from various airs, we are authorized to
conclude, that the airs in which the ani-
mals were immerfed contributed by their
fpecific quality to deftroy their irritability.

I fhall not deny that this effect 1s to be
H 4 attributed
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Animals killed by nitrous gas become
fooner rigid than thofe deftroyed by drown-
ing; and in two inflances, the rigidity of
the extremities was remarkable, even before
the heart had ceafed to vibrate.

On examining the head, the veins were
found in a {fmall degree diftended.

From this brief inquiry into the vifible
effets arifing from hanging, drowning,
and fuffocation, thefe trifling variations
were obferved :—that in one inftance
water enters the lungs; in the other
noxious air: that this air pofiefles a greater
tendency to deftroy the a&tion of the heart
than either hanging or drowning, and that,
after the former, more blood is found in
the head, though its proportions in the dif-

ferent fides of the heart are nearly equal.

The



L ™ i i 5










( ro9 )

If the prefence of black blood in the left
heart was the proximate caufe of circulation
ceafing, then we fhould certainly find it
Sully diflended from the altion of the right ;
but Dr. Goodwyn himfelf admits that this
is by no means the fact: and, indeed, if the
left auricle and ventricle were fu/ly diffended,
and it were neceflary for the reftoration of
life that the blood already contained in the
left auricle fthould undergo a change before
it was enabled to empty itfelf, then every
animal would be irrecoverable as foon as
this black blood had once diftended the
auricle; for we can appeal to the teft of
experiment to prove, that no alteration can
be produced on the quality of the blood
contained in the trunks of the pulmonary
veins and left auricle.

To afcertain if any fuch change could
be effeted, the following experiment was
made,

EXPERIMENT,
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alteration in the colour of its blood: could
be produced. - The'change therefore which
the blood undergoes in its paffage through
the lungs, is effeéted before it enters the
trunks of the pulmonary veins and left au-
ricle, and as the air cannot come in contaé:
with zhis blood to produce any chemical
alteration, it muft be propelled through
the {yftem unaltered, whenever an animal
recovers ; for fuppofing the blood within
the lungs to have undergone its wuiual
change from inflation, as the trunks of
the pulmonary veins and left auricle are
here underftood to be fu//, and as this blood
can receive no chemical change, the left
auricle muft a& on its 8lack blood, and re-
ceive the contents from the trunks of the
pulmonary veins (which we have faid has
not undergone the change) before the left
heart can contain blood duly prepared by
the air, We were, at firft induced to be-

lieve
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EXPERIMENT.

A Cat was drowned, and, when all mo-
tion had ceafed, we opened the cheft and
feeured ‘the pulmonary artery. A fmall
ligature was then pafled round the trunks
of the pulmonary veins, as they enter the
left auricle, and both auricle and ventricle
wetre then opened; the blood bein g all
taken up by a {ponge, the trunks of the
pulmonary veins were divided, and on
prefling the lungs very little blood efcaped,
except that contained in the trunks. The
repetition of this experiment afforded the
fame refult. We muft therefore look elfe-
where for reafons to account for the action
of the left auricle in recovery, as experi-
ament proves, that by inflation no chemical

1 change
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organ is infufficient to propel blood through
the lungs, producing an artificial collapfe
will have the fame effe®. This however
can only happen where ‘a freth {upply of
blood has been fent to the lungs by the
contractions of the right fide of the heart ;
as experiment thews that the quantity of
blood remaining in the lungs is too finall
to enable their mechanical adion to have

any effe@ on their contents,

It has been mentioned by Haller and
other celebrated phyfiologifts, that where
the lungs are collapfed, an obftru@ion to
the paflage of tlic blood through them will
be the confequence; but they have not
proved that the lungs are in fuch a flate of
collapfe in Drowning, Hanging, and Suf~
Socation.

I have endeavoured to fhew that Dr.
1°3 Goodwyn’s
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were difcharged; his ftruggles continued
for little more than three minutes, when
he ceafed to move ; the trachea was then
lad bare, and divided, and the lungs fully
diftended with warm water (about blood
heat) through the medium of a funnel:
the trachea being fecured fo as to permit
110 water to efcapé, the cheft was opened,
and, contrary to all experiments made be-
fore, there was found a much lefs quantity
of blood in the right finus venofus, auricle,
ventricle, and pulmonary artery, than in
the left, which was loaded with blood,
part coagulated, and the whole quite black,
The experiment was repeated, and yielded
nearly the fame refult, with this variation,
however, that the right fide of the heart
had a little more blood than before, but the
left was again fully diftended.

It then appeared evident, that if by an
Ia artificial
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made in the trachea, and the lungs dif-
tended with air, which was retamed. On
opening the heart we found the contents
of the left fide were to that of the right

as five to four,

EXPERIMENT,

A Dog was drowned; when he ceafed
to move, cold water was introduced into

the lungs. On examining the heart we

found the proportions of the blood in the
left were to that in the right as fix to

five,

Thefe experiments were repeated, and
fometimes the proportions were as {ix to
four; but in one, where the irritability
was trifling, the blood was a little predo-
minant in the right.  On the contrary, in
another, where great irritability was pre-
{ent, the proportions were as two to one.

14 It
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It may be urged by fome as an nbje&-
tion to the above experiments, that water
may aft as 3 ftimulus to the pulmonary
veflels, {o as to excite them to aék ; but it
has been obferved, that there remains very
hittle blood within the lungs after the lafk
ax.piratinn; and if water a&ed on them as
a ftimulus, it c-:::uld not produce the fame
effet on the trunk of the pulmonary artery,
right auricle and ventricle, which we find
in part emptied.

It has been obferved that animals undes
the common method of fufpenfion, retain
the power of expelling air from the lungs ;
but it was found not impoffible fo completely
to comprefs the trachea, as to prevent any
air from efcaping: with this view the fol-
lowing experiment was tricd.

EXPERIMENT.
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EXPERIMENT.

The trachea of a Kitten was laid bare,
and a hgature pafled round it, that the
whole of the air might be confined within
the lungs. The auimal ceafed to move
in four minutes and a half ; and on opening
the heart we found the proportions of blood
in the left fide were to that of the right

as nine to feveun.

The {ame experiment was repeated on a
Rabbit, aud the proportions were as eight
to {even.

In thefe experiments, therefore, where
the mufcles of expiration had not fufficient
power to overcome the compreflure of the
cord, and expel air from the lungs, the
blood accumulates to a greater quantity in

the
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EXPERIMENT.

A {mall Rabbit was deitroyed in nitrous
gas, and as foon as it difcontinued to ex-
pire air from its lungs, we rr:mc-vcd it from
the medium in which it was pIuﬁgcd. A
fmall aperture was then made in the tra-
chea, the bladder taken from the bottle
eontaining the nitrous gas, and the pipe
introduced into the trachea in order to
diftend the lungs; which being effe@ed,
the air was prevented from efcaping, by
tying the trachea., On examining the heart,
the proportions of blood in the left were to
thofe in the right as feven to fix,

The experiment was again repeated by
deftroying an animal in hydrogene, and
diftending the lungs with nitrous air; and

the
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EXPERIMENT.

A Rabbit was drowned, and the lungs
immediately diftended with air; after tying
up the trachea the cheft was opened, the
pulmonary artery and aorta fecured, as alfo
the trunks of the pulmonary veins. The
left fide of the heart was then opened, the
blood removed, and pulmonary veins di-
vided, the ligature was taken from the
trachea, and the air exprefled from the
lungs. A large quantity of blood flowed
from the pulmonary veins, and in a few
minutes, by alternate expanfion and col-
lapfe, the lungs were emptied of their
contents. No accurate comparifon, how-
ever, could be drawn between the quantity
of blood prefent in this experiment, and
that which they contained in the collapfed

i ftate;
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and difference of quantity originate; if not
from the mechanical obftru&ion in the frft

cafe, and its removal in the fecond ?

It thould however be obferved, that, al-
though repeated experiments prove me-
chanical obftruétion to exift in fufpended
breathing ; yet it appears that the right fide
of the heart is capable of propelling a {mall
quantity of blood through the lungs during
the collapfed ftate of thofe organs for fome
little time after refpiration has ceafed, and
the left of getting rid of #ts black blood ; an
opinion that is f{trongly countenanced by

the following experiments.

EXPERIMENT,.

A Kitten was drowned, the cheft imme-
diately opened, and the aorta fecured, with-

out including the pulmonary artery; when

the






( 129 )
makes no alteration in the proportions of
blood in their different cavities.

Thefe experiments afford a refult in
direft contradi@ion to the opinion f{up-
ported by Dr. Goodwyn, that the left fide
of the heart is mcapab]e of alting from
the ftimulus of black blood : for they prove
that as the right fide of the heart is capable
of fending blood through the lungs in the
collapfed ftate, the left is alfo enabled to
contract from the ftimulus of d/acé blyo.

The fame experiments may alfo at firft
{feem to invalidate the opinion that {uppofes
the prefence of collapfe. But whenever
the right fide of the heast has the power
of propelling blood through the lunes in
the collapfed flate, the quantity is not {uf-
ficient to diftend completely the left avricle

and ventricle, And as the Iungs in this

K difeafe
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to fend blood through the lungs when the

left was incapable of getting rid of its own,
we fhould then find the blood predominate

in quantity in the left.

Were Dr. Goodwyn’s affertion true, that

after the laft expiration in drowning, &c.
&c. the lungs contain a greater quantity

of air than in Aydrops pedoris, then an
objection would arife to the fuppofition
of their collapfe forming an impediment to
the free paffage of the blood; but we have
already attempted to dete the infufficiency
of thofe experiments which he imagined

authorized this conclufion.

It muft however be confcfled, that Dr.
Goodwyn’s experiments feem fo inge-
nioufly devifed, and the conclufions drawn
from them fo {pecious, that at firft they
fufpended inquiry; and it was only by

K 2 {ubfequent
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in their ftate of col/ap/e; for the, ever uni-
form as wife in her operations, would never
have provided a different circulation for the
feetus, if the vefltls of its lungs could have
admitted through them a free and uninter-
rupted paffage to the blood ; but as a collapfe
of the lungs was neceflary to the foetal
ceconomy, it was indifpenfable that it fhould
be furnifhed with a foramen ovale, du&us
arteriofus, &c. to compenfate for the fmall
allowance of blood that is fent through

them.

In drowning, &c. &c. as very little air
remains in the lungs after the laft expira-;
tion, the difeafe muft exhibit nearly the
fame pha@nomena as the feetus, whofe muf-
cles of refpiration have not been excited to
act; for, in this cafe, it is nature that ef-
fefts what we endeavour to attain by art;

that is, to remove the collapfe of the lungs,

K 3 and
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from want of their mechanical allion, 15
alfo fufpended ; and that the accumulation
of blood, which takes place in the right fide
of the heart, from drowning, hanging, and
fuffocation, originates from the fame

caufe.

This opinion, however, has been con-
tradiGted by experiment, where, from the
mere removal of the collapfe, independent
of any, mechanical altion of the lungs, the
circulation through them was reftored ;
whence it is obvious that the accumulation
of blood in the right fide of the heart does
not proceed from want of motion, but from

the collapfe of the lungs.

In drowning and in fuffocation from
foul air, it has been found that the veins
of the head are not more diftended than
in natural death: and that apoplexy dogs

K 4 not
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the more violent in degree. Were this
mdeed literally the fad, we fhould then,
from drowning, &c. find great extrava-
fation, and no recovery could be effected,
and we fhould have reafon to expet a réy =
very in thofe cafes, where the caufe was
fo {light as to require feveral hours to ftop
the natural a&ions: but as we are able to
recover long after breathing has ceafed in
that difeafe, which, according to this theory,
muft be the moft violent; and as we fre-
quently fail of recovering from common
apoplexy, even during refpiration; it cer-
tainly proves that this difeafe, and that
which takes place from drowning, are
eflentially different.
.

It has been advanced by fome authors,
that the mere diftention of the wveffels,
without any extravafation either of blood

or
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It would therefore appear that though
the veflels of the head were fully diftended
in drowning, hanging, and {uffocation, this
diftention could not here be confidered as
the immediate caufe of death, fince at moft
it can produce but a very mild {pecies of
apoplcx:? ; for even when extravafation fol-
lows, the actions of life generally continue
for hours; while in drowning, &c. it is
needlefs to repeat, the natural funéions are

in a few munutes abolithed.

There flill remains one obfervation,
which proves the improbability of apoplexy
happening from drowning, &c. and that is,
that no accumulation of blood can be formed
even at the right fide of the heart, prior
to the commencement of the collapfe of
the lungs; but as foon as this obftrués
the circulation, then the blood receives
-but an imperfeét change; and is therefore,

n
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not being allowed a proper defcent,) an
- obftruction arifes to the free return of the
blood, which occafions the difeafe. But,
evenin this fuppofition, death might not be
the confequence, at leaft for many hours,
if at all; although the veflels of the head
might have been fully diftended, and that
by the natural a&ion of the carotid and
vertebral arteries ; but as in drowning, &c.
thefe veflels are foon deprived of their
wonted ftimulus, no injury whatever can

happen to the brain,

From thefe obfervations, we truft it has
been proved not unfatisfaCtorily, that
apoplexy never happens in drowning, &c,
But there is an experiment, which muft
always fuperfede argument, that {eems to

difprove the exiftence of apoplexy.

This experiment has been mentioned

before,
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lungs, it could not be collected in the right
fide of the heart, and confequently no
accumulation was found in the head, and
yet this animal died as foon as other ani-
mals from ordinary hanging; which car-
ries conviftion to my mind, that apoplexy
forms no part of the difeafe.

As a further teftimony, however, in fa-
vour of this opinion, the following expe-

riment was made.

EXPERIMENT,

The two carotids of a Dog were {fecur-
ed ¥, and in half an hour after this

* “This experiment of tying up the carotids in Dogs
has been made both by Dr. Haighton, and Mr. Cooper,
an order to afcertain the effeéts. 1 have alfo often taken
up both carotids in horfes, to remove ftaggers and other
difeafes of the head, without the {malleft inconvenience

to the natural fun&ions of the animal,

operation
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With a view to afcertain if an animal
could be drowned, and the blood in the
left fide of the heart ftill retain a florid

appearance, the following experiment was
made,

EXPERIMENT,

A Kitten was immerfed in a warm me-
dium, a little above its own temperature,
and permitted to breathe under a large
glafs-bell for twenty-four minutes: it was
then drowned in the fame medium.

On opening the cheft, it was found that
the blood in both fides of the heart was
fomewhat florid, and yet this animal died,
which, according to Dr. Goodwyn, fhould
not have happened. But the caufe of this

L animal’s
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It is worthy of remark, that in this and
in every fimilar experiment, the heart had
lefs action than ufual, although the blood
had this florid appearance; which clearly
demonftrates, that much heat diminifhes
irritability, and this effe¢t 1s probably pro-
duced by the quick action which exceffive
heat invariably excites, and the debility
confequent on the endeavours to refift
heat. Hence it follows, that although the
blood might poflefs latent fire in abundance,
and what in health when rendered fenfible
would have been a proper ftimulus, yet,
from the folids not being fufceptible of
action, life could not be -fupported. The
ultimate effeé? of all violent ftimuli muft be
that of a fedative ; thus heat, (which 15 one
of the moft powerful ftimuli in nature,)
when applied to a certain degree, aéls as a
perpetual ftimulus ; but if this be carried to

excefs, the final effe@ will be extreme de-
L 2 bility
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We do not, however, confider the col-
lapfe of the lungs as forming the whole of
the proximate caufe of the difeafe ; as, by
the removal of the collapfe, the right fide
of the heart is merely enabled to empty
itfelf, and, by the v/ d fergo, to produce
an action in the left. But before the pro-
cefs of circulation can be completed, the
animal muft be provided with blood pof-
fefling an increafed quantity of latent fire,
as not only the left fide of the heart, but
the whole fyftem, wants blood of this qua-
lity;s fince in the foetal circulation, the
change is received before it reaches the
heart, and both fides have like fimulus,
As the heart, however, in the adult muft
be the origin of circulation, {0 it is neceflary
that the alteration fhould be made imme-
diately, before the blood enters ofie of
thefe cavities ; whereas,%n the foetus, the
heart not being the origin of circulation,

L 3 the
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JSuffocation, {feems to be mechanical obfiruction
mn the interior pulmonary veffels from col=

lapfe of the lungs, with a want of latent fire
m the blood. Remove this collapfe, and

induce the neceflary change on the blood,
and you cure the difeafe.

Having thus far attempted to eftablith the
proximate caufe, we are naturally led to
inquire into the ufual remedies employed
in this difeafe; and to fele& fuch as ap-

pear to be the beft calculated to produce a
falutary effect.

L 4 SECTION
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lated by a ferious and vigilant regard to

particular circumf{tances.

‘No falutary effefts can be expeted from
vomits, but in cafes where the procefles
of refpiration and circulation have been
re-eftablifhed, and where inquiry informs
us that the ftomach has been overbur-
dened either with food or {pirituous li-
quors. In thefe cafes there may be no
impropriety in emptying the {tomach to
facilitate the defcent of the diaphragm in
infpiration ; but to commence by the exhi-
bition of emetics muft be highly improper,
as the aétion and energies of the heart,
from its {fympathy with the ftomach, muft
thereby be confiderably debilitated. And
even admitting no fuch debilitating effects
took place, every attempt to empty the
ftomach muft neceffarily be futile until

the nervous energy be reftored in a very
I {enfible
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purge ; and continued frequently to vomit
and purge for one hour and {eventeen

minutes, when it died.

On examining the {tomach, it was found
empty, but without the {fmalleft appearance

of inflammation.

As a temporary recovery was effected in
this animal where {o ftrong a dofe of poifon
had been adminiftered, and that without
producing any inflammation, it was deemed
requifite to introduce the fame quantity of
emetic tartar into the ftomach of another
puppy during the healthy aions of the
animal, in order to determine if the effe@s

were fimilar,

The experiment was made in the follow-

ing manner.

EXPERIMENT.
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than another of the fame order and age,
which had received the fame quantity of
poifon in full health. It tends, however,
to evince and afcertain one fa&t, that me-
dicines introduced into the ftomach do not
produce the fame effe¢t when refpiration
and circulation are fi/pended, as when thefe
Junétions are duly carried on: and this
circumftance fomewhat accounts for a
phenomenon which before to me appeared
extraordinary, that a recovery fhould
fometimes be effeted, even after emetics,
tobacco, &c. have been adminiftered in
quantities {ufficient utterly to deftroy the
life of the fame fubject if given in full
health.

{t may, however, at firft be doubted,
whether medicines that poflefs a fedative
property, like tobacco, would not produce
their greateft effe@ on an animal whofe

powers
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EXPERIMENT,

An equal quantity of an equally ftrong
infufion of tobacco was introduced into the
ftomach of another Puppy of the fame
" age; it immediately fell motionlefs on the
ground, and in lefs than four minutes

expired.

Thefe experiments feem to prove that,
. whether medicines have a powerful ftimu-
lant or narcotic quality, their effeés are
diminifked in proportion as the powers of
the animal are decreafed.

That medicines, however, do produce

fome effe@ before refpiration is reftored,
has been confirmed by the following ex-

P-::rimf:nts.

EXPERIMENT,
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preflions to the {ympathifing organs, it
will at once appear obvious, that auy me-
dicine introduced into the ftomach which
15 likely to leflfen the power of the heart,
muft be attended with confequences highly
detrimental ; and that brandy, on the con-
trary, or any other warm cordial, which is
known to increafe the aétion of the heart,
(probably in thefe circumftances without
diminifhing its power,) thould only be em-
ployed.

To confirm this opinion, we proceeded
to the following experiment.

EXPERIMENT.

A Dog was hanged, and the heart being
expofed to view, one ounce of braudy

was thrown into its ftomach ; the a@ions
. M of
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brandy, its effe@s will be different iz degree.
Indeed, from obferving that all medicines
produce a lefs effect after refpiration has
ceafed than during health, it is probable
~ that fix, or even eight ounces, thrown into
the human ftomach would not increafe the
ation of the heart beyond its powers; and
thus a cordial of fome kind becomes one
of the neceflary remedies in this difeafe,

M 2 SECTION
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over diftention: but that, when relieved
from a portion of its burden; its contractions

were immediately renewed,

If, therefore, from the right fide of the
heart, while thus in a flate of violent
plethora, a fmall quantity of blood could
- be taken ; experiment and obfervation tell
that its power and acions would be in-

flantly re-invigorated.

But as this lies beyond the reach of art,
the taking of blood from any other part of
the body can rarely be produ@ive of any
confiderable benefit, nor can it Le employed
with advantage but in fuch cafes, where,
from an acquaintance with the complexian
and habits of the patients, we may prefume
that, previous to the accident or difeafe, .a

general plethora prevailed,

M 3 It
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advantage to be gained by taking blood from
the head after drowning and fuffocation
but as there is here a near conne@ion with
the {uperior cava, the heart would fooner
be relieved, than where it is drawn from

the arm,

After hanging there will be a much
more frequent occafion for blood-letting
than after drowning or fuffocation, fince
the cord muft in fome meafure prevent the

free return of blood by the veins; and al-
though we have endeavoured to prove that
apoplexy can never happen, yet in thefe
cafes as there is more than the natural
quantity of blood in the head, it may be of
fervice to leflen it, But the quantity of
blood in the head will much depend on the
weight of the patient ; and, as bulk, weight,
and general plethora, are united frequently
in the fame: perfon, bleeding in fuch cafes

M 4 1s
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SECTION" VIE

FJE’&‘J of Eleélricity and ﬁn’%::fa!
Refpiration.

From ele@ricity, as it has hitherto been
recommended and employed, confiderable
indeed muft have been the mifchief that
enfued. Agreeably to the method that
was to direét its application, it was to be
adminiftered as a local and general ftimu-
lant, to be tran{mitted through every part
of the body, the heart, brain, and {pinal
marrow ; and in all cafes where eledtricity
has been the remedy principally relied on, 1t
feemed to fuperfede moft of the other
curative operations, but particularly that
of expanding the lungs. From attending,

however,
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We are, by this plan of treatment, ab-
{olutely taking away life.

Thofe who conceived thar the floppage
of the motion of the lungs was the immediate
caufe of the ceflation of the circulation, and
that the lungs were not in a ftate of collapfe,
were led to recommend fhocks of ele&tricity
to be pafled through the heart, &c. with-
out the lungs being at the fame time ex-
panded. It has been advifed, that artificial
refpiration, as well as ele@ricity, fhould be
frequently mterpofed ; and that, when the

body is eleCtrified, a// the other operations
Jhould ceafe.

But as it has been proved, by experiment,
that in this difeafe thelungs are in a ftate of
collapfe, and that the circulation is ftopped
from this caufe, and not from the want of
motion in the lungs ; it appears that eletri-

fying
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have the fmalleft effe. And as the heart
may not natarally aét more than once or
twice in a minute, there are many chances
to one that thefe contrafions do not hap- -

pen at the inftant the obftrution is re=
moved.

Inflating the lungs, and immediately
after prefling the cheft, 1s faid to be imi-
tating natural refpiration; but it appears
evident, that if the heart has not been ex=
cited to acion during the expanfion of the
lungs, this mode of proceeding is very

1mproper.

Neither is this procefs an imitation of na-
ture ; for, in health, the lungs always con-
tain a large quantity of air, and we only ex-
pel a little, and receive in proportion. But, if
all the air be difcharged as foon as received,
it is probable that the heart may a& when

the
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diffended ; but, {urely, {uffering them to col-
fapfe as foon as inflated, is very unlikely
to enfure {uccefs, when the heart has not
been ftimulated by electricity during the ex-
panfion of the lungs. Moreover, as the air
can only become vitiated but by the a&tion
of the heart propelling blood into the lungs,
there appears no neceflity of performing a
complete expiration after every infpiration,
unlefs electricity has been at the fame inftant

employed.

The plan of trcatment hkely to be ufeful
appears to be, firft, to expand the lungs; and,
when the collapfe is removed, to flimulate the
beart by a fhock of eleflricity. The heart
Sfrom this flimulus.may be made to contral¥;
there is a free paflage for the blood and air
in the lungs to produce a change ; and, if any
irritability remains, the contraions of the
heart will force fome blood to enter the

lungs.
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theheart to the left. Allowing this could be
effeted, there is no air in the lungs to pro-
duce any chemical alteration on the guality
of the blood; and if the left auricle and ven-
tricle were in part emptied and again dif-
tended with a fluid equally foreign to the
wonted ftimulus, their power muft every
time be diminithed, and confequently the
right, at each contraction, require a ftronger
ftimulus to produce the fame effe& ; and the
left finding an increafing difficulty in pro-
pelling its contents, the right would be lefs
capable of overcoming the collapfe,

This power, therefore, could only con-
tinue for a fhort time, and during its exift-
ence no better effet could be produced
from blood pafling through the lungs
without receiving a change from the air,
than when propelled by frition from any
other artery into a vein,

N . If
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ventricle to contra®ion, That the lungs
will here produce this effe@ there can be
no doubt, fince we find a greater quantity
of blood in them when diftended than col-

lapfed ; and hence, by comprefling the lungs,
they muft a& upon all the blood they have
received fince the laft expiration.

Care, however, fhould be taken, that the
collapfe is never fuffered to continye; for
the heart may a& at this period, and thexn
without effeét; fo that the act of in{pira=
tion in every inftance thould be performed
immediately after the laft complete expi-
ration,

During the whole procefs of the treat-
ment, from the firflt attempt to effedt a
recovery, the lungs thould never be fuffer-
ed to remain collapfed, that other cura-
tive means may be employed. Without

NE2 this

¥






( a8k )

irrecoverable after refpiration had been
{topped for only one, two, and three mi-
nutes ; whilft the recovery of others, who
had remained more than half an hour un-
der water, was effe@ed by a fimilar mode

of treatment,

The variation of the degrees of irritabi-
lity in the fame order of animals is found
to be confiderable; but it appears impro-
bable, that one thould be deftroyed from a
caufe which, thirty times multiplied, is in-
{ufficient to take away life from another
apparently under the fame circumftances.
In one cafe where I was prefent as a fpec-
tator, the body had not been long under
water ; yet all the endeavours to reftore life
proved unfuccesful. The failure of fuc-
cefs, however, in this unfortunate cafe was
evidently occafioned by the means and me-
thod purfued to obtain a recovery, The
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of the difeafe was not removed, every acion
of the heart increafed the debility. But
had the collapfe of the lungs been taken
away when the heart had been ftimulated,
far different indeed might have been the
effeéts ; no impediment would then have
exifted to the paflage of the blood through
the lungs, and it would have imbibed from
the air its necefiary portion of heat.

Inflating the lungs and ele@rifying the
heart at the fame inftant, may at firft view
- be thought difficult ; but it wiil be found
that proper inftruments, conftruted for the
purpofe, will make this an eafy procefs.

We have obferved before, that collapfing
the lungs, as foon as diftended, is not imi-
tating natural refpiration. Air blown from
the mouth of another muft be highly im-

proper, as being robbed in {fome meafure
N 4 of
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of preventing the lungs from expanding.
Refpiration in health is often impeded in
confequence of the diaphragm in the a&
of infpiration being obftructed by the {fto-
mach ; and the other mufcles not being able
of themfelves fufficiently to enlarge the
cheft, the right fide of the heart is prevented
from atting with its ufual eafe ; and hence
a diftention of the ftomach from air muit
be attended with the {fame effet *.

Mr. Hunter has contrived a double pair
of bellows with two wvalves, fo that one
thall perform the office of infpiration, and
the other that of expiration, and thefe are

# From want of proper inftruments I once faw the
ftomach and the whole inteftinal canal very much
diftended, and a rupture, under which the patient labour-
ed, was alfo confiderably enlarged ; but the major part
of the air may at any time be difperfed, by prefling on
the abdomen.

adapted
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There alfo arifes a great difficulty n in-
troducing this inftrument, more efpecially
to thofe who have not been in the habit
of employing it, as no guide is given
by which we may know whether it be in-
ferted mto the larynx or pharynx ; and as
the aperture of the latter is {o much larger
than that of the former, it would rather
glide into the cefophagus than into the tra-
chea, and thus inflate the ftomach inftead
of the lungs. The ill confequences arifing
from fuch a miftake are {ufficiently obvious;
and, to guard againft {o fatal an error, the

following inf{trument 1s recommended.

As it has been deemed requifite to intro-
duce fome ftimulating cordial into the fto-
mach, a vegetable bottle (Fig. 7.) is contriv-
ed for this purpofe, which 1s to be attached
to the flexible tube, (Fig. 6. at »,) and in-
troduced down the cefophagus ; and on this

tube
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and with eafe enter the trachea: for, as
the entrance of the cefophagus is fituated
immediately behind the larynx, and as the
pipe 1s prevented from entering here by the
ivory direor, it muft pafsinto the air-tube;
fo that the vegetable bottle and its appen-
dages anfwer a double purpofe, that of in-
je&itlg fluids into the ftomach, and as a
guide to the introduftion of the other
inftrument,

The * pipe for the trachea is much
larger and longer than thofe ufually em-
ployed, and the great curve is given to the
{uperior, inftead of the inferior part ; from
which refults this advantage, that when it
is fixed in the trachea, it will be nearlyina
{trait line with that tube; and, for the more

* It may perhaps be advifable, that the ivory director
be continued in the cefophagus during the whole procefs
of the treatment, as this will prevent air from regur-

gitating into the ftomach.
ealy
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The performance of this operation, ac-

cording to this plan, can fcarcely be attend-
ed with danger, when attempted by a fkil-

ful anatomift; but it may be embarraffing
to a medical affiftant, whois obliged haftily
to perform it, when perhaps he may not
~ perfe@tly recolleét the fituation of all the
veflels; and it is to be remembered that
hafte is always particularly neceflary on
thefe occafions. Allowing, however, that
the operation is fuccefsfully performed,
great inconvenience muft follow from the
fituation of the wound; for, in the recovery
of the drowned, hanged, and {uffocated, the
head is, and always ought to be, kept a
little elevated; the confequence of which
muft be, that the aperture in the trachea
then becoming the moft depending part,
the flow of blood that follows the opera-
tion will principally enter it, and thus pre-
vent artificial refpiration from being pro-

perly
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15 not only difagreeable, but to be continued

very unfavourable to the union of the
parts,

In order therefore to render the operation
more ﬁmple, I:.:fs.dangemus, and to prevent
blood from entering the air-tube ; I conceive
it more eligible to divide the thyroid carti-
lage : and that, inftead of the incifion firft
being longitudinal, and then tranfverfe,
both the integuments and cartilage fhould
be cut through longitudinally at once,

Several are the advantages derived from
this mode of operating, Firft, no danger
can then arife from the want of anatomical
knowledge. Secondly, the covering being
here very fuperficial, fittle blood will be
loft, and the little that does efcape, cannot
get into the windpipe, Thirdly, the curved
pipe can be very well fecured, in order to

O carry
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lage, into which may be inferted the curved
pipe that wasintended to be introduced inte
the trachea by the mouth.

Whether this operation has or has not
been performed is of little confequence to
the recovery, if an inftrument be introduced
to the windpipe, that is conne@ed with
the other apparatus,

To the curved pipe for the trachea is to
be fixed one extremity of the flexible tube,
(Fig. 2, A) ; and the other end (8.) be at-
tached to the inftrument, (Fig. 3. ¢.)
which may be fixed to the nozzle of any

pair of bellows.

Every thing being prepared for inflating
the lungs, one affiftant is to have the direc-
tion of the bellows, and to ftand at the

head of the patient, whilft the other pre-
O 2 vents
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being prepared, the heart is to be thus

ftimulated twice or thrice, and the lungs
collapfed as before.

If the heart retains any irritability, the
collapfe of the lungs being removed, the
contraltions of the heart will probably be
renewed; a free paflage is opened for the
blood, and air admitted to give it the
neceffary change. But as the aGions of
the heart may not be fufficiently powerful
to propel the blood completely through
the lungs, it becomes neceflary to have re-
courfe to the artificial collapfe, in order to
effe& this, We therefore, after having
inflated the lungs, and ele@rified the heart,
prefs upon the thorax, in order to expel
moft of the air contained in the lungs ; for
fuppofing the lungs to have received but one
ounce of blood from the contra@ion of the

heart, a certain degree of collapfe will get

O 3 nd
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rid of a portion of this blood ; and if the
collapfe be increafed, the quantity of blood
acted upon will alfo be greater. This
plan of treatment appears a matter of im-~
portance, for the greater the quantity of
blood fent from the right fide of the heart
to the left, (if at the fame time it has
received the wonted change from the air,)
the greater undoubtedly is the probability
of its exciting the left to action.

If natuial refpiration be imitated with-
out attending to the collapfe of the lungs,
there is lefs probability of fuccefs, even
fhould the heart be ele&rified during the
expanfion of the lungs. For, if the pulmo-
nary veflels are diftended with blood by the
action of the right fide of the heart, without
producing a collapfe of the lungs fuffi-
cient to enable them to alt mechanically
in emptying thefe veffels, there will arife

I nearly
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nearly as much obftrution to the action of
the heart as when the collapfe exifted ; for
the pulmonary veflels muft then be emp-
tied as well as diftended by the action
of the right fide of the heart alone, which
by this difeafe is foon rendered {o enfee-
bled, as to be wholly inadequate to fuch an

exertion.

By exhaufting the lungs, after the heart
has been made to a& during infpiration, the
collapfe will in fome meafure {upply the
abfence of powerful action in the right fide
of the heart; for all the blood the lungs
have received i1s by that means carried to
the left, by which we not only gain the
advantage of fending blood which has
received its due heat from the air into the
left auricle and ventricle, but moreover
the pulmonary veflels are again putin a fit
{tate to receive more blood from the ation

O 4 of
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flow and tedious procefs, which may be
confidered as an imperfetion in this inftru-

ment, particularly if the bellows to which
it may happen to be fixed be not air-tight,
in which cafe the external air will find a
ready entrance, and its iutention as an
air-pump will be defeated.

If oxygene were at hand, there can be
no doubt but that it would be far preferable
to any other air for inflating the lungs;
but to procure it in {ufficient quantities at
{o critical a period is generally impra&ica-
ble, we mulit therefore make ufe of atmo-

{pheric air as pure as can be obtained,

If the jar be not charged to give the
ele€trical thock, as foon as the lungs are
expanded, no mifchief or inconvenience
enfues ; for we need only fuffer a {mall
quantity of air to efcape at the mouth after

cvery
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the mere diftention of the lungs, we think
it of the higheft importance that eleGricity
fhould be employed.

It fhould, however, be remembered that
every fhock given to the heart during the
collapfed ftate of the lungs, tends to rob
it of its vital power, without promoting in
the leaft the recovery; and let it alfo be
repeated, that the lungs from the beginning
are never to be {uffered to remain collapfed
for a fingle minute ; as the heart may a&
at that very inftant, and in this cafe with=-
out effe€ ; for as every contraction 1s an
expenfive operation to the heart, if it has
got rid of no portion of its burden, the
utmoft care fhould be taken that the lungs
be expanded at every fyftole of the heart ;
and this can rarely happen from the ufual
method of inflating the lungs without at
the fame time ftimulating the heart. When

the






EXPERIMENT,.

A Cat was ftrangled, and five minutes
after the laft expiration the cheft was open-
ed ; the lungs were then alternately expand-
ed and collapfed for five minutes, the heart
alted rather powerfully, but no altera-
tion could be obferved in the blood of

its two fides; either as to quantity or
quality.

The heart was now eleérified by {mall
thocks, during the exiftence of the collapfe,
and this was continued for five minutes,
when, upon examination, it was obferved
that its aftion was evidently leflened ; the
left fide became rather more diftended than
before, but the blood was black in both
auricles and ventricles,
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and the whole arterial {yftem with blood
that has imbibed its natural heat from the
air, muft be the means of cure the moft
efficacious that can be employed ; and this
laft experiment feems to confirm the opi-
nion, that eletrifying the heart during the
expanfion of the lungs, and then collapfing
them, is beft calculated to produce this
defired effe&.

With refpe&t to the ele&@rical machine,
the more compa&, and at the fame time
the more powerful it is, the better ; for as
the quantity, neceflary to be applied, muft
be determined by the jar and ele€trometer,
the more fpeedily it can be filled the bet-
ter. The fize of the jar neceflary for the
purpofe fhould be about thirty inches of
coated {urface ; and the electrometer placed
a little more than one third of an inch from
the jar ; the diftance of which may be gra-
dually
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the attempting or perhaps the a@ual reftor-
ing of the apparently dead to life,

There appears no necefiity for making
ufe of the inftrument invented by Dr.
Goodwyn, for the purpofe of extratting
water from the lungs, as thofe who have
recovered from drowning muft all have
taken in water, without its having pro-
duced any {ferious inconvenience; and
as the extradting it would take up a confi-
derable time, we think it better as foon as
poffible to proceed to the diftention of the

lungs.

We fhall now inquire into the effects
produced by the application of warmth.

P SECTION
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has been found deftru@ive, whereas a lefs
degree has proved beneficial.

It would be prefumptuous to deny that
thefe obfervations and precautions feemed
well grounded.  But it muft, however, be
confefled, that the detetion of any frict
fimilitude between the two difeafes, would
be attended with no {imall difficulty. In
the one, the vital principle is attacked
merely by a fedative power ; in the other,
it is endangered by a collapfe of the lungs,
which not only prevents the free paffage
of the blood, but at the fame time deprives
it of that due degree of heat, which it

borrows from the air.

Dr. Goodwyn. has particularly infifted on
this gradual application of warmth ; but his
plan of treatment does not coincide with

our opinion, He obferves, ¢ that, to fa-
Pa ““ vour
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inconfiderable portion of time, already too
precious, before the external heat can be
much increafed, and the action alfoof the

mufcles of refpiration could rarely be re-
ftored before that of the heart.

We alfo are obliged to withhold our
affent from Dr. Goodwyn’s opinion, where
he fays, that, whilft the circulation of the
blood continues, the temperature of the
body may be raifed many degrees above
the natural ftandard without 1nconveni-
ence. To this affertion is oppofed the
refult of Dr. Fordyce’s experiments, which
prove that upwards of two hundred de-
grees of external heat of Fahrenheit’s {cale
could not raife the animal heat three
degrees ; and it may be a doubt, whether in
thefe cafes /nternal animal warmth where
life is prefent can ever be raifed to g8 or

100 by the application of external heat.
B 3 The
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“fince we can always judge of the warmth
of the atmofphere within five or fix de-
arees; and as water, whilft in a fluid ftate,
muft have its temperature nearly equal,
we need only be cautious that the
warmth of the room is not at firft much
greater,- But as it may be {fome fatisfac<
tion to the Surgeon to know the degree
of heat remaining in the body, (fince the
greater the degrece of heat, the greater
muft be the irritability,) it may not be
improper or unfatisfattory to be furnithed
with a thermometer, and Mr. Hunter’s
feems the only one that is well adapted
to the purpofe; fince afcertaining the heat
of any part of the body, except in canals,
.cannot be of the fmalleft utility.

A thermometer {eems alfo neceflary for
regulating the increale of heat, fince ou:
Py fenfations
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though heat be abforbed from the air in a
latent form, it is given out to the fyftem
in a fenfible one. Let it not, however, be
underftood that warmth is to effect a cure
of itfelf ; for we have repeatedly mentioned
that the collapfe of the lungs has caufed an
obftru&ion to the paffage of the blood ; and,
Eefnre circulation can go on, this obftruc-
tion muft be removed, and. the blood
furnithed with its wufual flimulus and

change. (

Various are the modes of applying heat
to the body ; warm bath, warm grains, &c.
but thefe are means more eafily direted
than procured or put in execution ; and
there is only one advantage attending them,
that of applying heat more univerfally.
Even this is counterbalanced by a greater
cbjection, as it prevents us from baving
recourfe to fritions, and permits fuch a

length
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S ECTFON X,

Effecis of Frictions.

Ir is with great propriety Mr, Kite has
limited the ufe of friCtions; at the
commencement of the curative operations
they muft be produ&ive of great mif-
chief; for the right fide of the heart being
already overloaded with blood, we are by
the ufe of fritions increafing its quantity :
and it fcarcely can be doubted but that this
practice has contributed in many inftances
to fruftrate the moft fuccefsful treatment,
by producing an over diftention, and con-
{equently indire& debility, of the right fide
of the heart, With a view to afcertain

the
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weaker was its action, and, even where
no action was evident during the diften-
tim'.l; it was generally renewed by remov-
ing part of the blood from the anterior

Cavd,

It is, however, with fri¢tion as with
electricity ; if made ufe of at one time, it
may tend to deftroy life ; and, at another, it

may greatly affift in the recovery.

In our furvey of the common effects of
{ufpended refpiration, it was obferved that
+he aorta and arterial fyftem contained a
quantity of blood; this point being afcer-
tained, and it being likewife known, that
the action of the aorta and arterial {yftem
is fufpended from a decreafe of the due fti-
mulus in the blood, and that the veins have
little or no contractile power of their own;

when once the right fide of the heart has
been
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been enabled to rid itfelf of a portion of its
contents by the plan already mentioned, we
thould then proceed to frictions, as a fub-
flitute to the natural a&ion of the arteries
in health, viz. that of propelling the blood
onward, and preducing a vis @ fergo on the
blood in the veins. The right fide of the
heart being thus in part emptied, is again
diftended by the application of fric-
tions, which fhould be continued as long
as electricity is employed ; but when, from
any caufe, we are prevented from ele@tri-
fying, we fhould be fparing and cautious in
the ufe of frictions, left by over diftention
we deftroy the a&ion of the heart. From
frittions made ufe of as a general ftimu-
lant, little or no advantage can be
expelled.

- The excoriations produced by the appli-
cation of falt, brandy, volatile alkali, &,
may
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may be exceedingly troublefome after reco-
very. 'This objection however fhould have
but little weight were any real advantage
to be derived from their ufe; but the appli-
cation of {timuli to the eyes, noifes to the
ear, acrid liquors to the tongue and palate,
{ternutatories to the noftrils, {carifications
to the {kin, and the atual cautery, tend to
extinguifh the little that remains of animal
life, rather than to rouze or re-eftablith it
into action ; for their effe on the nervous
{yftem muft be fimilar to that of elericity
when applied to the heart during the col-
lapfe of the lungs, viz. the deftrucion of
irritability. The idea that fuggefted fuch
applications muft have arifen from fuppof-
ing the animal powers to be only in a {ftate
of torpor, without confidering that there
exifted a caufe, without the removal of
which all thefe attempts muft not only
prove fruitlefs and abortive, but even de-
ftruQive
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{ftructive to life, much fooner than if no
remedy at all had been employed.

There appears to be an objeion to the
ufe of vitriolic acid with oil, or any appli-
cation that produces an unknown and
partial degree of heat. It may be prefer-
able as a medium for frition, to make ufe
of a little common oil or lard, which will
rather prevent than occafion excoriations, at
the fame time that it anf{wers every other
intention ; for the principal end to be
obtained by frictions is by means of their
mechanical preffure ; and any medium that
will facilitate this, appears preferable to
thofe applications which ftimulate and
generate heat. As much warmth as is
deemed requifite may be applied to the
body by more certain and lefs difagreeable

means, Nor fhould it be forgotten that
the
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The hiftory of medical errors fcarce
affords an inftance of a more blind and
obftinate prejudice, than that which fill
induces the Humane Society to recommend
a mode of practice {o obvioufly deftructive.
It 1s aCtually exhibiting a poifon, that a&s,
as moft other vegetable poifons do, by pro-
ducing fuch an extreme degree of debility as
no powers of life can {upport ; and there can
be {carce any rathnefs in affirming that {uch
quantities of tobacco have been adminiftered
in this difeafe in the form of {moke, as
would have deftroyed any man in full
health, And indeed can there be any thing
more evidently improper than fuch a prac-
tice ! We might with as much propriety
recommend tobacco in {yncope, or in a
typhus fever, as'in fufpended refpiration
from drowning, &c. nor can there be the
lealt doubt entertained of the effes it

would produce in either of thefe difeafes.
Q.2 When
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When we confider the effe¢t that a
drachm of tobacco in infufion has upon
the {yftem, when given folely to produce
a temporary debility in bernia, &c. one
would fearcely credit that any perfon ac-
quainted with this cffect, could ever think
of adminiftering eight or perhaps twelve
times this quantity, when the powers of
life are reduced to their lowelt ebb. It 1s
really an indelible ftigma on the profeffion,
that, while we cannot but obferve the dele-
terious tendency even of a fmall quantity
of it, in one difeafe, where we wifh to
reduce the ftrength; we neverthele(s em-
ploy it by wholefale in another, where
{carce a fpark of life remains unextin-
suithed. With headftrong inattention we
have perfevered in its ufe, without ever
afking ourfelves this neceflary queftion—

What are we rationally to expet from

{uch
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fuch a remedy ! This indeed, is quackery
n the higheft degree,

When examining the effe@s of medicines
thrown into the ftomach after refpiration
had ceafed, it was found that their ation
was far lefs powerful than when adminif-
tered in full health; and 1t 1s a fortunate
circumftance indeed, that their operations
are regulated by fuch a law ; for, if me-
dicines produced the fame effe& in this
difeafe as during the unimpaired vigour of
the natural funéions, it may without hefi-
tation be declared, that no one could ever
have been recovered where tobacco had
been employed in quantities equal to what
has been recommended. Tobacco injeGted
into the ftomach will of courfe produce
more violent effe&@s than when thrown up
the re¢tum; but when the quantity em-
ployed is perhaps equal to three or four

Q 3 ounces,






in the place of tobacco, fome aromatic
herb; and, if we are to make ufe of glifters at
all, herbs of this nature are certainly prefer-
able: but no very great advantages can
rationally be expeéted from any applications

to the re&tum.

If the difeafe is not removed by the
means before laid down, we may with as
much confidence expeét a recovery from
injeting a little warm milk and water into
the ftomach, as from the inje&tion of ene-

mas of any kind.

It thould alfo be remembered that ene-
mas ought to be fmall in bulk, in order to

render them innoxious; for {moke and
fluids of all kinds, when given in large
quantities, will diftend the inteftines ; the
refult of which will be, that their mecha-

Q4 nical
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No more fpe&ators thould be allowed to
be prefent than are abfolutely neceffary;
which we conceive may be eight or nine
in all, including the Medical Afliftants;
two to have the diretion of the cheft,
one to turn the ele&rical machine, one
to dire& the fhock, four to apply the
fritions, and the other to affift occa-
fionally. This number will be fufficient
for anfwering every purpofe, and a greater
number would rather embarrafs, and only
contribute to render the air lefs fit for
refpiration. |

The body, if wet, fhould be gently
dried with cloths, but in fuch a cautious
manner, as to prevent the mechanical ef-
fe& of the frition from propelling the
blood towards the heart.

Having prepared the bed, or mattrafs,

on
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to be inflated ; and the eleftrical machine
being prepared, one diretor i1s to be ap-
plied between the fourth and fifth rib of
the left fide, and the other between the fe-
cond and third of the right; when the
clectrometer is to be placed a little .more
than one third of an inch from the jar, and
the ftroke given. The ele@rical fhock is
to be repeated once or twice, and the affift-
ant, who prevented the air from efcaping
by the noftrils and mouth, then fhould
remove his hands, and prefs the cheft, and
immediately after expand the lungs, for the

heart to be again ftimulated.

If any impediment fhould prevent the
introduction of the pipe down the trachea,
the thyroid cartilage thould be immediately
divided in the manner defcribed in Section
the Eighth, and the curved pipe inferted
into the trachea at this aperture.

When
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been once emptied. Thefe obftacles may
probably be removed by affifting the heart
and arteries to perform their refpective
funtions, after the mufcles of refpiration
have been {timulated to a&ion,

If unfortunately no elerical machine be
at hand, the method of performing artificial
refpiration fhould be altered. When the
lungs are expanded, the affiftant, who has
the charge of the mouth and noftrils, fuffers
a {mall quantity of air to efcape, while the
other affiftant continues to throw in a frefh
{upply : this procefs fhould be protracted for
about a minute, when the hand is to be
removed from the mouth, and the cheft
prefled, to complete the cellapfe. It can-
not be too frequently inculcated, that the
lungs are never to be fuffered to remain

collapfed ; for all our endeavours and at-
tempts to cftec a recovery, fhould the lungs
be
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CONCLUSION.

Foom what has been obferved it

appears,

1. That in ordinary refpiration and cir-

culation the lungs are paffive.

2. That the principal advantage derived
from refpiration, is that of its being the
{fource of animal heat ; and this heat, by
being evolved in a fenfible form, keeps up
the irritability of the whole animal.

3. That the blood imbibes lefs or more
latent heat, in proportion to the degree of

{enfible warmth applied to the furface of
the body.

R 4. That
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g. That in the feetus both fides of the
heart a& from the ftimulus of black
blood.

10. That the intent of the feetal and
adult change is the fame, viz. that of {up-
porting animal heat and irritability.

11. That this change is effeéted in the
foetus, by the blood paffing through the
cells of the placenta, and the veflels coming

in conta® with the maternal arterial
blood.

12, That fo much of the venous quality
is imparted to the maternal from the foetal

blood, and ez/y fo much latent fire evolved
from the maternal to the feetal, asis ne-

ceflary to reftore the equilibrium of abfo-
lute heat,

R 2 13. That
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at the left auricle and ventricle ; and as that
which does not pafs through capllaries
mixes with venous blood, it follows that
the left fide of the feetal heart contracls
from the ftimulus of black blood.

16. That as all the blood which paffes
through the lungs muft enter the left
auricle, the Jatent heat of the feetal blood
in the right fide muft exceed that of
the left.

17. That the blood in the umbilical
arteries which is to receive the change,
being of the fame quality with that in the
left fide of the heart, is an additional proof
* that this blood muft be black,

18. That although the blood in the feetal
heart and arteries be black, yet, like the
blood of the adult in the right fide of the

R 3 heart
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fides of the heart is of the colour of

venous blood.

23. That, whether the heart be exa-
mined during its contraétions, or after they
have ceafed, no perceptible difference is
found in the proportions of blood in the twa

{ides of the heart.

24. That the action of the heart {urvives
“the periftaltic motion of the bowels,

25. That the veflels of the head exhibit

no extravafation, nor even diftentiaon,

26. That where refpiration is fufpended,
from ordinary hanging, the animal has the

power of expelling air from its lungs.

27. That althuugh the mufcles of
R 4 expiration
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air do not appear to make a full infpira-
tion, but like animals immerfed in water
reject it, as foon as a fenfation is produced
in the trachea, which feems to make
them confcious of not breathing their ufual
element.

32. That the mufcles of expiration con-
tinue to act till they have expelled all the
air from the lungs, which they have the

power of acting on.

33. That the fame collapfe of the
lungs is produced from fuffocation, as from
drowning or hanging; and the contents
of the right fide of the heart bear nearly
the fame proportion to thofe of the left.

34. That animals deftroyed in impure
air are fooner deprived of their irritability
than
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ferent in quality and quantity from that of

the right.

39. That this difference of guality in
the blood of the left fide of the heart
depends on its having pafled through the
lungs, and imparted to them a confider-
able portion of its heat, without receiv-
ing a {upply from refpiration; while the
blood of the right poffeffes a quantity of
fire in a latent form, which it ftll con-

tinues to evolve,

40. That as the blood in the right fide
of the heart contains a portion of latent
fire, while that of the left is exhaufted;
and as the fenfible heat both of the richt
auricle and ventricle muft confequently
predominate, its irritability of courfe will
likewife be greater,

41, That
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poffeffed the blood of the left, and the left the

blood of the right, the degree of irritability
would probably be reverfed.

45. That if the right fide of the *heart
in fufpended refpiration had the irritability
of the left, and the left the irritability of

the right, a recovery could {carcely be
effeCted in any mitance,

46. That as foon as the alion of the
left fide of the heart is increafed by the

ftimulus of florid blood, the right alfo 2&s
more powerfully.

47. That ‘this depends on the coronary
veflels being fupplied with blood, that has
recetved a quantity of latent fire from the
air, which thefe veflels diftribute alike to
the right and left fide, and confequently

give
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no external action being produced by elece
tricity.

51. That as the difference of irritability
in animals of the fame order depends
more on the {pecific ftate of the folids
than on the quantity of heat evolved from
the fluids, no decifive prognoftic can be
drawn of the prefence of irritability, from

the heat of the animal being above that of

the atmofphere.

52. That as eletricity has been found
capable and incapable of producing external
aétion during the prefence of various de-
grees of heat, it proves that animal heat

and evident irntability are by no means

coequal,

§3. That although no fpecific degree of

heat will determine the prefence or abfence
of
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57 That this probably proceeds from
the irritability of the heart being ftill {o
great as to be {timulated to ation by the
mechanical preflure of the lungs, as, in
proportion to their expanfion, will their

furface prefs upon the two fides of the
pericardium,

58. That in fufpended refpiration, from
drowning, hanging, and fuffocation, as the
collapfe of the lungs begins, the impedi=
ment to the paffage of the blood through
them commences.

59+ That when the laft expiration jg
made, the interior pulmonary veflels are

collapfed, and contain but a {fmall quantity
of blood,

60. That if even a change be produced
on the quality of this blood, the quantity
S is
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64. That part of the black blood con-
tained in the left auricle and ventricle in
this difeafe, muft be propelled through the
fyftem unaltered whenever a recovery is
effeCted, and as a quantity of blood of the
fame quality has already paffed into the
arterial fyftem, it follows that tae left

auricle can and does a& from the ftimulus
of black blood. :

65. That as an animal, when immerfed
m warm water, may be drowned with its
blood fomewhat florid, it neceffarily furs
nifhes an objetion to the opinion, that the
altion of the left heart ceafes from the
prefence of black blood.

66. That as in drowning, &c. the im-
petus of blood to the head is checked
| imm:diately after the obftru&ion to its

S 2 return
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and {uffocation, takes place in a few
minutes; it certainly follows, that this
difeafe and apoplexy are as eflentially dif-
ferent as any two difeafes to which the
human body is expofed.

69'. That the immediate caufe of the
fufpenfion of circulation is not zbe prefence

of black blood in the left [fide of the heart,
neither is it the want of motion in the lungs ;
but a collapfe of the air cells of the lungs,
which produces a mechanical obftruction to

the paffage of the blood in the fmall branches
of the pulmonary veffels.

70. That the proximate caufe of the dif-
eafe may be faid to confift in a collaple of
the lungs, producing a collapfe of the pul-
monary veflels, with want of latent heat in

the blood, fince, unlefs both thefe ef-
52 felts
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in this difeafe, it appears neceflary to

inje& fome warm cordial, fuch as brandys
&c. into the ftomach.

75. That as in fufpended refpiration,
from hanging, there is fome degree of
plethora in the head as well as in the
right fide of the heart, bleeding will then
be more frequently neceflary than after
drowning and f{uffocation.

»6. That the degree of plethora in the

head will greatly depend on the weight and
bulk of the {ubject.

27. That as in drowning and fuffocation
the plethoric ftate of the right fide of the
heart cannot be relieved by bleeding, this
operation fhould never be performed unlefs
it appears that there is too much blood in
the {yftem. '

S 4 »8. That
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will form great obftrution to the paﬁ'ége
of the blood.

82. That the uncertainty of fuccefs
which has hitherto attended the cafes
reported by the Humane Society, has pro-
bably been in a oreat meafure occafioned
by the method of conduéting the artificial
refpiration.

83. That the advantages to be derived
from artificial refpiration are, to procure
a contra&ion of the right fide of the heart
when the lungs are dilated, and, by col-
lapfe, to excite the left auricle to get rid
of a portion of its contents, and fupply it

with blood that has received its {timulus
from the air.

84. That in order thoroughly to ac-
complifh this end, we are to expand the

lungs,
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84, That the lungs fhould be diftended,

and, after allowing a fmall quantity of air te
efcape, the infpiration fhould be repeated;
and this procefs, of fuffering, after each
inflation, a little air to efcape, (or, in
other words, imitating natural refpiration,)
{hould be continued about a minute, when
the lungs are to be collapfed ; fo that only
one complete expiration fhould here be
made to feveral infpirations.

88. That the intention of this pra&ice is,
that as the heart may poflibly not contraé
more than twice or thrice in a minute,
the blood may find a free paflage whenever’
it happens to act, and a frefh fupply of
air to produce the neceffary change; and
likewife that thefe feveral infpirations may
act as a ftimulus to the heart, while the
collapfe helps to remove the blood the lungs
have received.

89. That
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93. That we are on no account, as
advifed by Dr. Goedwyn, to wait for any
increafe of animal heat before the lungs

are inflated.

g4. That placing the body on a mat-
trafs or bed, at a proper diftance from
the fire, is the beft mode of applying
warmth : as it neither embarrafies nor pre-
vents any other procefs that may be found

X pedir:u e

95. That the principal advantage to be
expe&ted from the application of warmth
is, to prevent {o much fenfible heat being
 evolved from the blood, and thus in fome
meafure fupply the defe@ of latent heat
that fhould have been abforbed from the

4alr.

96. That frittions made ufe of as 2

primary
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nical ation in propelling blood towards
the right fide of the heart.

ror. That tobacco in any form is highly
pernicious ; and were this medicine to pro<
duce the fame baneful effefts in cafes where
refpiration is fufpended, as in a flate of
health, it is more than probable that no one
could ever have been recovered where this
remedy had been applied.

102. That enemas of any kind are only
to be confidered ferviceable, in as much
as they co-operate with more important
remedies ; and, if employed at all, warm
ftimulating ones fhould be preferred.

103. That their bulk fhould be {mall,

left by their mechanical altion they prevent
the free defcent of the diaphragm.

104. That






DESCRIPTION or ToE PLATE,

: Fic. 1.

A large filver conical pipe to be intro-
duced into the trachea, either by the
mouth, or by an opening made in the
thyroid cartilage. A. the inferior extre~
mity ; B. two lateral openings for the paf-
fage of the air; c. the fuperior end of the
pipe.

Fic. I

A fhort flexible tube for conveying air
into the lungs. A. the inferior extremity
to be attached to the fuperior one of the
filver pipe; B. the other extremity to be
connefted with the contrivance (Fic. 3
at c.) or attached to Mr. Ficld’s inftro-

ment (F16. 4.at £ )
T
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other inftrument reprefented in the next
figure) ; E. the inferior extremity of the
brafs tube to be connefled with the fupe-
rior end of the flexible tube (at B.). When
the ftopper ftands as is here reprefented
with I (fignifying Inflation) pointing to
the inferior extremity of the tube, the
lungs will be expanded; and when the
ftopper 1s turned half round, fo that C
(meaning Collapfe) will be placed in the
fame direction, the lungs will be exhaufted.

In the one inftance, by the a&ion of the
bellows, air is received at the aperture b,
and thrown into the lungs, but pre-
vented from regurgitating on account of
the valve: in the other, air will be received
from the lungs into the bellows, and

thrown out at the aperture p.

T2 ' Fi6.
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