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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 fo iutimateiy conneéted
with the fubjet of refpiration, that it could
not fail to fix the attention of Philofophers
on thofe cafes where its fudden {ufpenfion
was the caufe of death. It were fuper.
fluous to enumerate the various theories
offered by the Chymifts and Fhyfiologifts
of this recent period. Suffice it to remark,
that the Humane Society of London
deemed the fubjet fo perplexed with dif-
cordant theories, and fo fufceptible of
farther experimental elucidation, that they
publithed, in 1787, a queftion on 1de
nature of the difeafes produced by Submerfion,
S#fpenfion, and noxiows airs. Two differ-

B 2 tations,






INTRODUCTION. 5
any thing 'fo important to- blind em-
piricifm 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 refpeting the: accuracy
of either,—feemed to’ prove the neceflity
of reinveﬁigating, by experiment, the na=
ture and caufes of the difeafe, prcﬁiﬂus
to the delineation of any plan of cure.
One of thefe Gentlemen attributes death
in thefe cafes to the quality of the blood
in the left fide of the heart, which has not
received from the air, that ftimulant power
which fupports the action of that organ.
The other attributes it to apoplexy. I
was induced, fince the appearance of thefe
eflays, to attempt a ferles of experiments
on the fubje, which perbaps 1 fhould
not have cultivated with fo much ardour,
had I not been animated by the example

B 3 of






INTRODUCTION, vl

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 ftate between life and death. The
- diftinction between the aftions and powers
of life, which, with fo many other ad-
mirable obfervations in Phyficlogy, we
owe to the ingenions Mr. Hunter,
clearly illuftrates the impropriety of the
language to which we obje&t. He has
proved that in many cafes, thefe powers

remain when the alions are fufpended.
The prefence of thefe powers alone con-

ftitutes life, and forms the fole diftin&ion
between inanimate and animated matter.
When they ceafe to be prefent, life is
not fufpended, but JE/??’E_F}"EEII’. Inftead there-
fore of employing the term Sufpended
Animation, we fhall adopt that of f#/pended

B 4 refpiration,






INTIRODUCTION. g

which form the bafis of the following dif-
fertation the moft folicitous 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; two experimeﬂts,
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 mndividuals of the fame {fpecies,
poffefs various degrees of irritability. In
{fome, irritability may be' excited for feveral
hours after épparent death, others lofe
itin 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 and

extrinfic circumftance, and by multiplying

and
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INTRODUCTION. 131

{cientific purfuits, Their acutenefs has
refcued me from my prejudices ; and their
aild has given me a cenfidence 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 affiftance. And it af-
fords me no {fmall gratification, that my
much refpetted 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 moft fre-
quent, it is by no means the only cafe of

apparent
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SECTTON: L
P;ﬁy/fafag v of the Heart and Lungs.,

IT 1s by no means my defign to extend
this inveftigation to every advantage that
refults from refpiration, as the voice, fméll,
&c. but merely to take a fuperficial {urvey

of thofe funétions more immediately con-
nected with Zfe.

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 of his
opinions, yet the refources of his ingenuity
and perfpicuity of arrangement muft ever
claim admiration and applaufe.

C But
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- The lungs themfelves are fomewhat
elaftic; but are paflive in refpiration. They
ma}; 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-
Ipiration a&, the cavity of the cheft is
enlarged; but when comprefled, by the
ation of the mufcles of expiration, the
cavity 1s leflened and the air expelled.
Thus, by this alternate dilatation and con-=
traction of the thorax, the procefs of refpi-
ration 1s 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
interval, to check or increafe their action,
but that it fhould not be wholly fubfervient
to the will, is very wifely ordained; for

€ 2 otherwife
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It is therefore very probable, that the
pulfation of the heartis not governed by the
a&ion 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 a&ion of the lungs, is ca-
p:ible of fending blood to the left, even after
the refpiration has ceafed. If then the
heart, in a ftate of debility, can perform this
funcion 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

S
in ﬂrdinary re{piration,

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
C 3 this
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fome noxious quality ; that in the lungs it
meets with atmof{pheric air, containing a por-
tion of ﬂﬁy’g&tle, which 1s known to poffefs
heat in a latent form; that it abforbs part of
this heat, and at the {ame time imparts to

the air which remains its impurity.

That the blood having thlus robbed the air

contained in the lungs of a portion of its la-
tent heat, and rendered that which remained
{enfibly warm, the air is expelled, and frefh
air taken in to undergo a fimilar procefs,

Dr. Crawford, in the courfe of his expe-

riments, had occafion to obferve 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 meafored, but under certain circum-

ftances can preduce {enfible heat, we have preferred it
to others,

G {fume
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and it is remarkable that the animal in the
warm medium died firlt, notwithftanding
the blood was florid, and the {urrounding 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 refift heat,
was rendered weaker than the other, from
this procefs being more expenfive to the
{yftem than generating heat; for there
appears fuch a tonic power in cold, that an
animal will allow of its natural heat being
diminifhed {everal degrees without inconve-
nience, but cannot {uffer 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

ﬂimulating
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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 rffceivléd into
the lungs; and it alfo feems probable, that,
weight for weight, this atmofphere thould
contain more oxygene than the warmer,
fince it is generally allowed that in propor-
tion as its warmth is increafed, it becomes a

better
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It feems alfo more than probable that the
blood ftill retains a quantity of fire inalatent
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 1s applied the darker
the blood becomes; and at the conclufion
of the operation its colour affu mes'uearly 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 capabl;e of con-
tinuing the fame procefs, fo long 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
circum{tances tend to prove, that the blood
contains more or lefs of that principle ab-

forbed
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the demand, the temperature of the whole
amimal 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 lungs inflated
until the blood in the left auricle became

Jlord.

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 g9° and then became fta-
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 {ubftance 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 1s 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 diminithed 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 recerve a frefb fupply of heat?
If the pulmonary veflels were diftended

D with
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To eftablith the faét the following expe-

riment was made.

EXPERIMEN T.

A cat was ftrangled, the cheft immedi=
ately opened, and the lungs inflated, when
the blood in the left fide of the heart be-
came florid ; an aperture was then made
m the pericardium, and the mercury of
a thermometer being raifed to gg°, the
temperature both of the right and left
fides of the heart was exaclly 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 gg°.

So far does . this experiment agree with
our laft; but the temperature of the blood
was re-examined fifteen minutes after, and

D 2 iftead
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We fcarcely know of any animal, on
whofe blood the air does not, cither dire&ly
or indire@ly, induce fome change ; and the
areat objet of this change appears to be the
{upport of animal heat ;.and from the heat
evolved the srrizability® of the animal is

{upported.

There are animals whofe atmofphere is

equal to their own heat ; and it has been
the opinion of fome phyfiolcgifts that in
thefe inftances their animal warmth 1s {up-
ported by the furrounding medium. If this
be ever the cafe, it probably 1s 1n afcarides,
and other animals of the fame fpecies, where
the temperature of their medium {carcely
ever varies; but I thould 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 exprefs
nothing more than a fufeeptibility of action.

D3 tempe-
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to be regarded as the fource of animak

heat.

That mere diftention is the ordinary fti-
mulus that excites the a&ion of the heart,
is 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 contratt; for this power: of reaction,
when ftretched beyond a' certain "‘tone,
feems. 4 property inherent in all mufcular

ﬁbfﬁﬁ-,

Nor do we deny that the heart, when
void of blood, and feparated from the body,
retains this action ; but this 1s not péculiar
to the heart alnﬁe; mufcles, whofe natural

actions depend on the ftimulus of the will,
Bl i £ - poflefs
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faying that mufcles perfirming the fame
Sunctions, aét from diffimilar caufes, which
it is neceffary to prove before any ‘énalogy.
can be eftablithed to favour this hypothefis.

It is far therefore from being certain that;
the different fides of the heart derive;their
ation from different ftimuli : and let us but
examine the foetal cireulajtiqn, and it 'wiiL
appear tfl:{t both fides of the heart contrack
from the, ftimulus of blood nearly of the
fame quality ; that this blood is not florid
in either; for even in the umbilical véin
it las undergone but a very imperfe&t
change *, if compared with t.hjat induced on
the blood which paffes through the lungs

of the adult; moreover, that the greater

* We take it for granted that the old opinion, of there
exifting an a&tual circulation between the blood vellels
of the mother and child, is now exploded, as ‘numerous
experiments have been made to prove the contrary.
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heat 1s imparted to the foetal, by the mater-
nal bluﬁd,- as 1s nef:;eﬁ"ary to reftore the
equilibrium of abfolaute * heat. The heat
therefore which is received by the foetal
blood will be fmall, in comparifon with that
imbibed by the blood of the adult in theact
of refpiration ; as only that quﬁnt-ity- of heat
can be imparted from the maternal to the
feetal blood, as can make-both their qualities
with refpeét to heat equal . ., . -

When the foetal .b]‘m_:u__d has -+,u;1dergq@%
this change, it is returned by the um.bi]if-
cal vemn; and part of it will pafs through
the duétus venofus + into the inferior cavae,

and mix with the blood brought from the

* By abfolute heat, we mean the latent and fenfible
heat combined. f

+ The horfe has no du@us venofus: the blood ‘there-
fore in the umbilical vein of this aniinal mul all pafs
through the 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
goes to the placenta at each revolution, nor

can this blood receive but Abaff the heat the
maternal blood contains; mercover, as all

the blood of the foetal 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, it is
obvious that both fides of the feetal heart
contrac from the ftimulus 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-
ceflfary to fupply the confumption of feetal
heat. If the ‘whole of the foetal blood
went to the placentaat each revolution, the
* heat abforbed would exceed the demand, and
produce mifchief'; for the power of refjffing
heat muft then be called forth to a&ion ;

and this in the feetus is 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 an{wer our demand; and by
evaporation, from perfpiration, &c. we are
enabled to refift heat, fo as to prevent its
undue and deftructive accumulation. On
the other hand, from the warmer medium
which encompafies the foetus, we may ga-
ther the reafon why a {maller 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 feimy-
lus 20 fupport the aclion of the left fide of the
heart, as maintained by Dr. G-::dey‘n, then
thould the alteration produced i the foetus
be equal in degree to that produced in the
adult ; but that this is not the fa@& we have
already, and we hope not unfuccefsfully,

| 2 endeavoured
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If therefore the left fide of the feetal heart
and the whole of the arterial {3 yltem poflefs
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; is it not ob-
vious (at leaft as far as indu&ion and ana-
logies can prove) that in the adult alfo ve-
nous blood can excite the action of the /f?
Jide of the heart, and confequently that the
two fides of the heart do not require to be
fimulated by diffimilar caufes ?

From confidering that one fide of the
heart in the adult '{:ircu]a,tic:r;_ contains
black blood, and the other florid ; and that
in fufpended refpiration the left fide firft
ceafes to a@®, when both contain black
blood ; Dr. Goodwyn, we prefume, was
induced to conclude that venous blood,
which fupports the a@ion of the right fide,

E2 was
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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 3 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 poflefled 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 poffefles but
fix; yet if the fenfible heat evolved be only

E 3 equal
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Dr. Cullen imagined that the heart’s
continuing to a& after breathing had ceafed
arofe from habit; but were that the cafe,
why fhould the action 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 {ufeptible of action.

To this opinion, of the aétion of the heart

proceeding from mechanical ftimuli, Dr,

Goodwyn oppofes this inference : If it were
{o,

iy
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¢ the left auricle and ventricle are imme=
¢ diately effected by the quality of the
& bl‘ouﬂ pafling into them.” -

We fhall endeavour in the next {etion
to demonftrate, by experiment, that no al-
teration can be produced on the blood in
the trunks of the pulmonary Feix;:-;' 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 contatt with
them, thould alfo receive it.

That the right fide of the heart conti-
nues to act after the left has ceafed, is a
phznomenon that has been noticed by
many phyfiologifts; but few, if any,
‘have attempted to unfold its caufe. Indeed
D,
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and inftead of abforbing, muft evolve its
heat. '

An effential difference thus takes place
between the blood of the two fides of the
heart ; the right isdiftended with blood that
ftill poffefles 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
fide, 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 vef-
{els, 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; if, I
fay, thefe facts can be eftablithed, then the
temperature both of the right fide of the
heart, and its cnuténts, 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 bloed 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 predeminant.

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/# ; 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 act. It
therefore appears, that the blood which
pafles through the lungs into the left fide
of the heart, without receiving from the air
the ne;:eﬁary 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 predictions of
theory, that when blood pafles 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 exaétly fimilar;
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 acceffion 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 Do&or, to explain
this phenomenon, have been reduced to the
~{uppofition that the fame mufcular fibres
were excited to ation by different caufes,
and that the blood of the fame quality that
ftimulated the right fide to contra&, was
incapable of producing the fame effeé on
the left ; but this difference would have been
difcovered to arife from the left having loft

F a greater







right the irritability of the left; asitis found
neceflary. to the eff‘aé’cmg a recovery, that
the right ﬂmuld firft contraﬂ: and fupplv
the lungs Wlth IbIc:od to rece;vf: a change
from the air m1 ;:trderlt.o excite tne lcft {ide
of thg:_hsart to a&mu the. ru:rht in th:s {up-
- pofition, wnuld foun bemca{Pable of perfarm-
mg th1s fun&mn . whereas, fmm the nﬁht
cununumn* to contra& aftcr the left ; 1s mo-
thmurrh the luncrs into .the lef't aurxcl:,
whlch being once ref’mred by the arrwal of
duly prepared blood (even thnugh it ﬂ"muld
have ceafed to a@® from the ﬂlmuius of its
own) is enabled, by thr: ﬂ'ﬂﬁl fupply of this_
ﬁ:mulat:nﬂ' quallt_',r, to rcvwﬁ and theadtion
of the whc-le heart i :s mcrcafed bu,t if the
irritability of the ]e& fde were at firft | pre-
dominant, it would get rid of its own bload,
and the feeble aftion of the right fide be
incapable of {upplying it with more.

F 2 - Phus
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left, and confequently greater irritability

for let us fuppofe that, atthe time of birth,
the umbilical chord is 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 fo much irritability as
in animals of more fimple conftruction ; for
it {eems that in the more perfet or compli-
cated, as man, whofe {fentient powers are |
greateft, the vital are leaft ; and we believe
this will hold good in gradation with all the

B3 inferior
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3,[1;]_ _Lhis bﬂiug 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 unpmﬁded with nerves and brain,
that are célifcquc@tl y deftitute of {fenfation;,
and whofe powers of inftin& are but feeble,
Nature, we find, to compenfate for this
want of fenfation, has enabled them to with=
ftand i;njt.;ries to a greater degree than thofe
that are furnithed both with brain and
nerves. - Animals alfo that  are: endowed
with fuperior fagacity, poffefs but a {mall
degree. of irritability , and 1t feems.to be
juftly remarked, that the irritability of ani-
mals dccreafes as they advance in age.
This was certainly intended for the fame
excellent purpofe, that of {fupplying the de-
fedt of fagacity while young; but when _t-h.t:
fentient powers become adequate to the

.4 nece(ity,
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from the methods of recovery ufually

adopted, and in various other difeafes.

There remains a fufceptibility of aétion
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 deftru@ion, begin to dic
firft at the extreme and exterior parts; {o,
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 aét nearly

at the fame time.

From confidering the length of time the
heart may be-made to contract after breath-
ing has ceafed, there can fcarce be any
doubt, if eleGricity be unable to excite it to
aftion, but that life is irrecoverably loft;

for,
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and which is many hours longer than we
havg been able to excite action in any
external part. |

At firft view it feemed probable that irri-
tability and animal beat might be coequal 3
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 {ubfequent
obfervations difcovered this to be erroneous;
for, as there are few whofe {olids are not
very differently excited to adion by the
{ame caufe, fo the quantity of heat evolved
from the blood, that would -fup‘pnrt'irr.ita.bi-
lity in the one, would produce no effe& on
fhepther,}.-

T'his opinion is confirmed by the follow-
ing experiments :

EXPERIMENT,
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Here, then, ation continued in the ote
ore than twelve times longer than in the
other, though with a degree of heat much
inferior. We havealfo 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 ele@rical thock was giv-
en, without producing the {malleft exter-
nal acion, although three hours after exe-
cution the temperature of one was 80°
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 fhorter
continuance of fenfible heat of any ani-
mal muft always be proportionate to the
quanti'ty of latent fire the blood contains,

and the temperature of the furrounding

medium ;







(%9 ))
shly proves that the folidsiof the jone; a&
ffrorna flishités caufe than thofe ofithe other,
andnetthat the fithdlus!ofheat s wantiig.
A grtin quiantity of “inebriating liguoer
RN profiuce vielent ‘effedson one perfon,
when"a much greatér’ «quatitity: fhall have
no effe@ upon anothep:baut! o1 Isisl sveoig

-+ Diffimilar effeés alfo/takecplace froha the
Mﬁfﬁe’:ﬁpg rature 3 for althovghothe hieat, of
oife-animal 'may exceed that of another; and

swhere!the inferior degree of heatas-prefent,

thergreater ‘effet be produced ; yet itheo /-
mulus in ‘guality s the | fame, and;thehdif -
ference of a&tion depends on -thé mioving
powers of the one being more readily ex-
cited to act than thofe of the other. Never-
thelefs, though no decifive prognoftic can
be drawn of the prefence of wrritability,
from the prefence of any known degree of
beat, yet the nearer the degree of heat

approaches
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O the common Effséts of Drowning.

THE genetal effe@s of fubmerfion 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 {fubje€t.” 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@ts that ufually arife - from
drowning. |

G ' As
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quantity of water, in the form of froth.
The ftomach, on examination, prefents alfo
a little water, which probably paffes into
the wefophagus 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
thould feem, that, at that moment, it makes
its way into the ftomach ; fo that, as foon
as the animal attempts to infpire, water
enters the orifice of the trachea; but this
organ, asif confcious of not receiving its
due element, rejects the water, which is
then allowed to pafs into the cefophagus.
Air 1s 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

Gz much
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experiments  to afcertain this “point “have

uniformly agreed with his.
LOOLY VIITnEs
It has been mentioned by Dr. Goodwyn,
and other Phyfiologifts, that the right agri- -
cle and ventricle are found ruLL; but there
feems to be fome degree of impropriety in
the expreflion; for by the term FULL is_ge-
nerally underftood, acavity replete without
vacuity; and if Tﬁ}, the left ventricle may be
faid to be fw// 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-acs. 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 djffention to that of fullnefs.

ot it G 3 The







EXPERIMENT I

A Cat was drowned, and when the
heart had ceafed to vibrate, the two cavae,
pulmonary artery, and aorta were fecured
as before. The proportions of the right
were to the left as 2 to 1,

Thefe experiments were repeated, and
the quantities varied ; fometimes being as
7 to 4, at other times as § to 2, oras 12 to
7. So that, at a medium, the proportions
of the right are to the left as about 3% to.
1. 'The lungs were uniformly in a ftate
of collapfe,

Dr. Goodwyn has made fome experi-
ments to afcertain the precife quantity of
air contained in the lungs after death,

G 4 and
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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 abdumén does not {eem
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 colletted, the cxpﬂri.ment can by
no means authorife any legitimate conclu-

ﬁﬂn-

Dr. Goodwyn obferves, that atmof{phe-
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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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
{truggles 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 ail'-

This
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foeces and urine: were: difcharged. . In lefs
than four minutes 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 {ide of the heart over-
loaded with blood ; the left auricle and ven-
tricle about half-diftended. The aorta and
its ‘branches contained blood, in quantity
and colour fimilar to that from drowning.

heve il I
ELsLallidy :

- Hence it appears, that, when an animal
is {ufpended, the mufcles of expiration are
capable of performing their functions ; nor

are the mufcles of infpiration deprived of
their acion : 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.

QOur
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other times, the proportions in infpiration
were, to thofe in expiration, as 11 and 12
to 1: 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.

EXPERIMEN T.

A dog was {ufpended by the neck till
he ceafed to-move. The two cavae, 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 Effells of Noxious Airs.

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 fjﬂem that terminated in death.

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

| : 45 (g The
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only to % of a drachm *; whereas, in the
diftended ftate, thefe lungs contained 14

drachms and 7.

1n the repetitiun of this expefiment, 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 50 to 13 and in
every inftance the quantity of remaining air
was very inconfiderable.

The next obje&t was to determine the
exa& 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 halfa |
drachm of water.

H 3 EXPERIMENT







( 103 )

- 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-
fpiration had been fufpended one hour and
five minutes. = In fome rabbits, deftroyed
by nitrous gas, the heart ceafed to contract,
from its own ftimulus, in lefs than four

minutes.

From the uniformity of thefe eftects
from various airs, we are authorized to
conclude, that the airs in which the ani-
mals were immerfed contributed by their

{pecific quality to deftroy their irritability.

* 1 fhall not deny that this effeétis to be
H 4 attributed
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Animals killed by mtrous 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 fi:bfatc._

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

From this brief inquiry into the vifible
effe@s 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 poffeffes a greater
tendency to deftroy the attion 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
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SEC I ON V.

An afreﬁxpf to afcertain the proximate caufe™
of the difeafe  produced by Submerfion,
Strangulation, and Suffocation.

To inveftigate and eftablith the proxi-
mate caufe of the difeafe in fufpended re-
{piration from drowning, hanging, &c. is a
tafk that has engroffed the attention, and
exercifed the pens, of feveral eminent phy-
fiologifts ; but there has been little' coin-
cidence of opinion ; each feeming to have
ftarted, and embraced an hypothefis of his
own.

# By proximate caufe I mean, the condition of the
parts difealed, and, which being removed, the difcafe
ceafes. ;

It
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If the prefence of black blood in the left
heart was the proximate caufe of mrculatmn
ceafing, then we fhould certainly find it
Sfully diflended from the ation of the right;
but Dr. Goodwyn himfelf admits that this
is by no means the fatt: and, indeed, if the
left auricle and ventricle were ﬁ;ﬁ' diftended,
and it were neceffary for the reftoration of
life that the blood already contamed in the
left auricle thould 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
auricles 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 pulmana‘ry'
veins and left auricle. -

To afcertain if any fuch change could
be effected, 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 effeted before it enters the
trunks of the pulmonary wveins and Ieft au-
ricle, and as the air cannot come in contact
with zbis 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 ufual
change from inflation,, as the trunks of
the pulmonary veins and left auricle are
here underftood to be fu//, and as 2his blood
can receive no chemical chang::, the left
auricle muft a& on 1its black 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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EXPERI‘MEHT;

A Cat was drowned, and, when all mo-
tion had ceafed, we opened the cheft and
feeured the pulmonary artery. A {mall
ligature was then paﬂé round the trunks
of the pulmonary veins, as they enter the
left auricle, and both auricle and ventricle
were then opered; the blood being all
taken up by a fpungﬁ, the trunks of the
pulmonary veins were divided, and on
prefling the lungs very little blood efeaped,
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 a&ion
of the left auricle in recovery, as experi-
ment proves, that by inflation no chemical

I change
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organ is infufficient to propel blogd through
the lungs, producing an artificial collapfe
will have the fame effe&. This however
can only happen where a freth fupply of
blood has been fent to the lungs by the
contrattions of the right fide of the heart ;
as experiment fhews that the quantity of
blood remaining in the lungs is too fmall
to enable their mechanical aétion to have

any effe@t on their contents.

It has been mentioned by Haller and
other celebrated phyfiologifts; that where
the lungs are collapfed, an obftruétion to
the paffage of the blood through them will
be the confequence; but they have not
proved that the langs are in fuch a flate of
collapfe in Drowning, Hang;ﬁg,' and Sff-

focation.

I have endeavuured. to thew that Dr.
12 Goodwyn’s
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were difcharged ; his ‘ftruggles continued
for little more ‘than three minutes, when
h'c ceafed to move ; the trachea was then
laid bare, and divided, and the lungs Ful-ljlr
diftended with warm water (about blood
heat) through the medium of a funnel;
the trachea being fecured {o as to permit
no water to efcape, 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
I3 artificial
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made in the trachea, and the longs dif-
tended with air, which was retainede. 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 1into
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 fix 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-
fent, the proportions were as two to onee

Lo : It







EXPERIMENT,

The trachea of a Kitten was laid bare,
and a ligature pafled round it, that the
whole of the air might be confined within
the lungs. The animal ceafed to move
in four minutes and a half’; and on opening
the heart we found the proportions of blood
i1 the left fide were to that of the right

as pine to {even.

The {ame- experiment was repeated on a
Rabbit, and the proportions were as eight
to {even, '

In thefe experiments, therefore, where
the mufcles of expiration had not fufficient
power to overcome the cnmprcl’fui‘e of the
cord, and expel air from the lungs, the

blood accumulates to a greater quaatity in

the
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EXPERIMENT.

A {mall Rabbit was deftroyed in nitroug
gas, and as foon as it difcontinued to ex-
pire air from its lungs, we removed it from
the medium ip which it was pluﬁ‘gtd, A
{fmall aperture was then made in the tra-
chea, the bladder taken from the bottle
containing the nitrous gas, and the pipe

introduced into the trachea in order to

diftend the lungs; which being effeted,
the air was prevented from efcaping, by
tying thetrachea. 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 Jungs with pitrous 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
c'antents._ No accurate comparifon, how-
ever, could be drawn between the quantity
of blood “ prefent in this experiment, and
thiat which they contained in the collapfed

i : {tate;
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. and difference of quantity originate, if not

from the mechanical obftruion in the firft

cafe, and its removal in the {econd ?

It thould however be obferved, that, al-
though repeated experiments prove me-
chanical obftruction to exift in {ufpended
breathing ; yet it appears that the right fide
of the heart is capable of propelling 2 {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 izs black blood ; an
opinion that is ftrongly 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
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makes no alteration in the proportions of

blood in their different cavities.

Thefe experiments afford a refult in
diret contradiGtion to the opinion fup-
ported by Dr. Goedwyn, that the left fide
of the heart is incapable of ating from
the ftimulus of black blood : for they prove
that as the right fide of the heart is capable
of fendmtr blood through the lungs in the
collapfed ftate, the left is alfo enabled to |
contraét from the {ftimulus of .h;;zc,{' bload.

The fame experiments may alfo.at firft
{cem to invalidate the opinion that {uppofes
the prefence of collapﬁ:_ But whenever
the right fide of the heart has the power
of propelling blood thrnugh the lungs in
the collapfed ftate, the quantity is not fuf-
ficient to diftend completely the left auricle
and ventricle. And as the lungs in this

K ' difeafe
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to {fend blood through the lungs when the

left was incapable of ge:ttillg 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 pefforss, then an
obje@lion would arife to the fuppofition
of their collapfe forming an impediment to
the free paﬂ'qge of the blood; but we have
already attempted to dete the infufficiency
of thofe experiments which he imagined

authorized this conclufion.

It mult however be confeflfed, that Dr.
Goodwyn’s experiments feem {o inge-
ninuﬂ_y devifed, and the conclufions drawn
from them {fo fpecious, that at firft they
fufpended inquiry; and 1t was only by

| K 2 {ubfequent
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in their ftate of collapfe; for the, ever uni-
form as wife in her operations, would never
have pmwded a different circulation for the
feetus, if the veflels of its lungs could have
admitted through them a free and uninter-
rup{ed paffage to the blood ; but as a collapfe
of the lungs was neceffary to the foetal
ceconomy, it was indifpenfable that it fhould
be furnithed with a foramen ovale, ductus
arteriofus, &c. to compenfate for the {mali
allowance of blood that is fent through

them.

In drowning, &c. &c. as very little air
remains in the lungs after the laft cx;;ira:-
tion, the difeafe muft exhibit nearly the
fame pheenomena as the feetus, whofe muf-
cles of refpiration have not been excited to
act ; for, in this cafe, it is nature that ef-
fects 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 ther mechanical a&lion, 13
alfo fufpended ; and that the accumulation
of blood, which takes place in the right {ide
of the heart, from drowning, hanging, and
{uffocation, originates from the fame

caufe.

This opinion, however, has been con-
tradicted 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 vemns
of the head are not more diftended than
in naturalr death : and that apoplexy does

K 4 not
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the more violent in degree. Were this
indeed literally the fatt, we fhould"then,
from drowning, &c. find great extrava-
{ation, and no recovery could be effected,
and we thould have reafon to expeét a reco-
very in thofe cafes, where the caufe was
fo flight as to require feveral hours to ftop
the natural adtions: but as we are able to
recover long after breathing has ceafed in
that difeéfe,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

effentially different.

It has been advanced by fome authors,
that the mere diftention of the veflels,

without any extravafation either of blood

or
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It would therefore appear that though
the veffels of the head were fully diftended
in drowning, hanging, and fuffocation, 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
apoplexy ; for even when extravafation fol-
lows, the ations of life generally continue
for hours ; while in drowning, &c. it is
needlefs to repeat, the natural funétions are

in a few minutes abolifhed.

There ftill 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 obftructs
the 'circulﬁtiun, then the blood receives
but an imperfeét change; and is therefore,

in
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' not being allowed a proper defcent,) an
obftruéion 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 veffels of the head
might have been fully diftended, and that
by the natural ation of the carotid and
vertebral arteries ; but as in drowning, &c.
thefe vellels 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 feems 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-
res convidtion 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 fe-::u_r-

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,
" in order to afcertain the effeds. - I have alfo often taken
up both carotids in horfes, to remove ﬂ'aggefs and other
difeafes of the head, without the fmallet inconvenience

to the natural funétions 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,

E}%PERIMENT.

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 ﬁ:-unﬂ 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

i 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
demonttrates, that much heat diminifhes
irritability, and this effect is probably pro-
duced by the quick action which exceflive
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 {timulus, yet,
from the folids not being fufceptible of
action, life could not be fupported. The
wltimate effeét of all violent ftimuli muft be
that of a fedative 5 thus heat, (which 1s one
of the moft powerful flimuli in nature,)
when applied to a certain degree, aéts as a
perpetual ftimulus ; but if this be carried to

excefs, the final effe will be extreme de-
L 2z bility
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We do not, however, counfider the col-
lapfe of the lungs as forming the whole of
the proximate caufe of the a’gﬁ*gfé; as, by
the removal of the collapfe, the right fide
. of the heart is merely enabled to empty
itfelf, and, by the vis & terga, 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 c:nnliy the left fide of the heart, but
the whole fyftem, wants blood of this qua-
lity; fince in the feetal circulation, the
change is received before it reaches the
‘heart, and both fides have a like ftimulus.
As the heart, however, 1n the adult muft
be the origin of circulation, {o it 1s neceflary
that the alteration fhould be made imme-
diately, before the blood enters one of
thefe cavities ; wheréas, in the feetus, the
heart not being thf: origin of circulation,

1 3 the
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Juffocation, {eems to be mechanical géﬁf; St

in the interior pulmonary wveffels from col-

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

induce the neceffary 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 {ele&t {uch 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 wvigilant regard to

particular circumitances.

No falutary effe@s can be expeéted 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 ftomach to
facilitate the defcent of the diaphragm in
infpiration ; but to commence by the exhi-
bition of emetics muft be highly improper,
as the ation and energies of the heart,
from its fympathy with the ftomach, muft
thereby be confiderably debilitated. And
even admitting no fuch debilitating effets
took place, every attempt to empty the
flomach muft neceflarily be futile until

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

minutes, when it died.

On examining the ftomach, it was found
empty, but without the {malleft appearance

of inflammation.

As a temporary recovery was effefted in
this animal where fo 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 actions of the
animal, in order to determineif the effeéts
were {imilar., '

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 flomach do not
produce the fame effe&t when refpiration
and circulation are Ju/pended, as when thefe
funétions are duly carried on: and this
circumftance fomewhat accounts for a
phenomenon which before to me appeared
extraordinary, that a recovery fhould

. {ometimes be effected, even after emetics,
tobacco, &c. have been adminiftered 1n
quantities fufficient utterly to deftroy the
life of the fame fubje&t if given in full
health.

It may, however, at firft be doubted,
whether medicines that pofiefs a {edative
property, like tobacco, would not produce

their greatcﬂ: effe® on an animal whofe

POWCIS
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EXPERIMENT,

An equal quantity of an equally ftrong
-nfufion of tabacco 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

ex Pired.

Thefe experiments feem to prove that,
whether medicines have a powerful ftimu-
lant or marcotic quality, their effets are
diminifbed in proportion as the powers of

the animal are decreafed.

That medicines, however, do produce
fome effe@ before refpiration s reftored,
has been confirmed by the following ex-

p,eriments.

EXPERIMENT,
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preflions to the {ympathifing organs, it

- will at once appear obvious, that any me-

dicine introduced into the ftomach which
is likely to leflen 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 a&ion of the heart,
(probably in thefe circumftances without
diminifhing its power,) fhould 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 brandy
was thrown into its ftomach ; the ations

M of
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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 fiate of violent
plethora, a {mall quantity of blood could
be taken ; experiment and obfervation tell
that its power and aétions would be in-

ftantly 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 productive of any

confiderable benefit, nor can it be employed

with advantage but in fuch cafes; where,

from an acquaintance with the complexion

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 f{uffocation;
but as there is here a near connection with
the fuperior cava, the heart would {ooner

be relieved, than where it is drawn from

the arm.

After hanging there will be 2 much
mare frequent occafion for blood-letting
_than after drowning or {uffocation, 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 n the{'e
cafes as there is more than the natural
quantity of blood in the head, it may be of
fervice to leflen it. But the quantify 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 {uch cafes
M 4 15
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SECTION VIIL

Effects of Efﬁ'&ﬂ'ﬂ-{j" ‘and Artificial
Refpiratian.

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 dire& 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 3 and in all cafes where ele@ricity
has been the remedy principally relied on, it
{feemed to fuperfede moft of the other
curative operations, but particularly that
of expanding the lungs. From attending,

however,






{ =52 )
We are, by this plan of treitment, ab=
folutely taking away life.

Thofe who conceived tbat the ﬂappgge-
of the motion of the lungs was the immediate
caufe of the ceffation of the circulation, and
that the lungs were not in a ftate of collapfe,
were led to recommend thocks of ele&ricity
to be paffed 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 inferpofed ; and that, when the
body is eleCtrified, alf the other operations

Should ceafe.

But as it has been proved, by experiment,
that in this difeafe thelungs are in a ftate of
collapfe, and that the circulation 1s ftopped
from this caufe, and not from the want of

motion in the lungs ; it appears that electri-

fying
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have the fmalleft effet. And as the heart
may not naturally act more than once or
twice in a minute, there are many chances
to one that thefe contra&ions do not hap-
pen at the inftant the obftruion is re=

moved. g

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

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, fuffering them to col-
lapfe as foon as inflated, is very unlikely
to enfure fuccefs, when the heart has not
been ftimulated by eleétricity during the ex-
panfion of the lungs. Moreover, as the air
can only become vitiated but by the action
of the heart propelling blood into the lungs,
there appears no neceffity of performing a
complete expiration after every infpiration,
unlefs eletricity has been at the fame inflant

employ ed.

| r'lI'he plan of treatment likely to be ufeful
appears to be, firlt, to expand the /ungs; and,
when the collapfe is removed, to flimulate the
beart by a [fhock of elellricity. The beart
Jrom this flimulus may be made to contraii;
there is a free paflage for the blood and air
in the lungs to produce a change ; and, if any
irritability remains, the contra&tions of the
heart will force fome blood to enter the

lungs.
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the heart to the left. Allowing this could be
effe&ted, 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 contra&ion, require a ftronger
ftimulus to produce the fame effet ; and the
left finding an increafing difficulty in pro-
pelling its conternts, the right would be lefs

capable of overcoming the collapfe.

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

N If






¢ 270 )

ventricle to contraltion. That the lungs
will here produce this effeét there can be
no doubt, fince we find a greater quantity
of blood in them when diftended than col-
lapfed; and hence, by compreffing the lungs,
they muft act vpon all the blood they have
received fince the laft expiration.

Care, however, thould be taken, that the
collapfe is never fuftered to comtinue; for
the heart may a& at this period, and zbex
~ without effect; fo that the a& of infpira-
tion in every inftance fhould be performed
immediately after the laft complete expi-
ration.

During the whole procefs of the treat-
ment, from the firlt attempt to effect a
recovery, the lungs thould never be fuffer-
ed to remain cullﬁpfed, that other cura-
. tive means may be employed. Without
N 2 _ this
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irrecoverable after refpiration had been
ftopped 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 fthould be deftroyed frnm‘a
caufe which, thirty times multiplied, 1s in-
{ufficient to take away life from another
apparently under the fame circumftances.
In one cafe where I was prefent as a {pec-
tator, the body had not been long under
water ; yet all the endeavours to reftore life
proved unfuccefsful. The failure of {uc-
cefs, however, in this unfortunate cale was
evidently occafioned by the means and me-

thod purfued to obtain a recovery. The"
N 3 fmoke
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of the difeafe was not removed, every action
of the heart increafed the debility. But
had the collapfe of the lungs been taken
away when the heart had been ﬁirpu]ated,-
far different indeed might have been the
effe€ts ; no impediment would then have
exifted to the paffage of the blood through
~ the lungs, and it would have imbibed from

_ the air its neceflary portion of heat.

Inflating the lungs and ele&rifying the .
heart at the fame inftant, may at firft view
be thought difficult ; but it will be found
that proper inftruments, conftructed for the

purpofe, will make this an eafy procefs.

We have obferved before, that collapfing
the lungs, as foon as diftended, s 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 obftruéted by the fto-
mach ; and the other mufcles not being able
of themfelves fufficiently to enlarge the
cheft, the right fide of the heart 1s prevented
from alting with 1ts ufual eafe; and hence
a diftention of the {tomach from air muft
be attended with the fame effeét *.

Mr. Hunter has contrived a double pair
of bellows with two valves, fo that one
fhall perform the office of infpiration, and

the other that of expiration, and thefe are

* From want of proper inftruments T 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 preffing on
the abdomen. -

adapted
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There allo arifes a great difficulty in 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-
{erted into the larynx or pharynx ; and as
the aperture of the latter is fo much larger
than that of the former, it would rather
clide into the cefophagus than into the tra~
chea, and thus inflate the ftomach inftead
of the lungs. Theill confequences arifing
from fuch a miftake are {ufficiently obvious;
and, to guard againft fo fatal an error, the

following inftrument is 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 is to be attached
to the flexible tube, (Fig. 6. at B.) 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 is prevented from entering here by the
wory dire@or, it muft pafs into the air-tube;
{o that the vegetable bottle and its appen-
dages anfwer a double purpofe, that of in-
je&ing fluids into the ftomach, and as a
‘guide to the introdu&ion 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
fuperior, inftead of the inferior part ; “from
which refults this advantage, that when it
is fixed in the trachea, it will be nearly ina
{trait line with that tube; and, Yor the more

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

gitating into the flomach.

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 tkil-
ful anatomift; but it may be embarrafling
to a medical affiftant, who is obliged haftily
to perform it, when perhaps he may not
perfe@ly recolleé the fituation of all the
veflels ; and it is to be remembered that
hafte is always parti'cularly neceflary on
thefe occafions. Allowing, however, that
the operation is fuccefsfully performed,
great inconvenience muft follow from the .
{ituation of the wound; for, in the recovery
of the drowned, hanged, and fuffocated, the
head is, and always ought to be, kepta
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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is not only difagreeable, but to be continued

very unfavourable to the union of the

parts.

In order therefore to render the operation
more fimple, lefs dangerous, and to prevent
blood from entering the air-tube ; T conceive
it more eligible to divide the thyroid carti-
lage : and that, inftead of the incifion firft
being longitudinal, and then tran{verfe,
both the integuments and cartilage fhould

be cut through longitudinally at once.

Several are the advantages derived from
this mode of operating. Firft, no d—ang;er
can then arife from the want of anatomical
knowledge. Secondly, the covering being
here very {uperficial, little 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 " .carny
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lage, into which may be inferted the curved
pipe that was intended 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
mto the windpipe, that is conneted 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 (3.) be at-
tached to the inftrument, (Fig. 3.c.)
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 irritébilit}r, the
collapfe of the lungs being removed, the
contra&tions 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 altions of
- the heart may not be fufficiently powerful
to propel the blood completely through
the lungs, it becomes neceffary to have re-
courfe to the artificial collapfe, in order to
effeCt 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
{uppofing thelungs to have received but one
ounce of blood from the contration of the

heart, a certain degree of collapfe will get

O 3 rid
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nearly as much obftrution to the altion 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
b)? this difeafe is foon rendered fo enfee-
bled, as to be wholly inadequate to {uch an

exertion.

By exhaufting the lungs, after the heart
has been made to act during infpiration, the
collapfe will in fome meafure fupply the
abfence of powerful action in the right fide
of the heart; for all the blood the lungs
 have received is 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 wventricle, but mereover
the pulmonary veflels are again put in a fit
ftate to receive more blood from the action

O 4 of
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{low and tedious procefs, which may be

confidered as animperfecion 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 intention 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 lungss
but to procure it in {ufficient quantities at
{o critical a period 1s generally impractica-
ble, we muft therefore make ufe of atmo-

{pheric air as pure as can be obtained.

If the jar be not charged to give the
ele@rical fhock, as foon as the lungs are
expanded, no mifchief or im:onvénienca
enfues ; for we need only fuffer a {mall
quantity of air to efcape at the mouth after

every
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the mere diftention of the lungs, we think
it of the higheft importance that clectricity
thould be employed.

It thould, however, be remembered that
every fhock given to the heart during the
collapfed flate of the lungs, tends to rob
it of its vital power, without prumﬁting I
the leaft the recovery ; and let it alfo be
repeated, that the lungs from the beginning
are never to be fuffered to remain collapfed
for a fingle minute ; as the heart may act
at that very inftant, and in this cafe with-
out effe ; for as every contraction is an
expenfive operation to the heart, if it has
got rid of no portion of its burden, the
utmoft care thould be taken that the lungs
be expanded at every {yftole 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
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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
a&ed rather powerfully, but no altera-

tion could be obferved in the blood of
its two fides; either as to quantity or

qualit Y,

The heart was now ele&rified by fmall
fhocks, during the exiftence of the collapfe,
and this was continued for five minutes,
when, upon examination, it was obferved
that its action was evidently leflened ; the
left fide became rather more diftended than

before, but the blood was black in both
auricles and ventricles.

The
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and the whole arterial {yftem with biaood
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 eftet.

With refpect to the eledtrical machine,
the more compa&t, and at the _famc time
the more powerful it is, the better ; for as
the quantity, neceﬁ'a_ry to be applied, muft
be détcgmin@d by the jar and eleCtrometer,
the more fpeedii}? it can be filled the bet-
ter. The fize of the jar neceflary for the
purpofe thould be about thirty inches of
n.':nated furface ; 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 theactual reftor-
ing of the apparently dead to life.

There appears no neceflity for making
ufe of the mftrument 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 ipconvenience; and
as the extra&ing 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 effeits
produced by the application of warmth,

% SECTION
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has been found deftruive, 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 dete@ion of any {trict
{imilitude between the two difeafes, would
be attended with no fmall difficulty. In
the one, the vital principle is attacked
merely by a fedative power ; in the other,
it 1s 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-
Pz ““vour
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inconfiderable portion of time, already too
precious, before the external heat can be
much increafed, and the action alfo uf the
mufcles of refpiration could rarely be re-
{tored before that of the heart.

We alfo are ..::;bligcd to withhold our
affent from Dr. Goodwyn’s Opillinn; 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 inconveni-
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 internal animal warmth where
life is prefent can ever be raifed to g8 or
100 by the application of external heat.

§ 4 | The
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fince we can always judge of the warmth
of the atmofphere within five or fix de-
grees ; and as water, whilft mn a ﬂu}id ftate,
muft have its temperature nearly equal,
we need only be cautious that the
warmth of the room is not at firft much
oreater.  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 degree 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 {feems alfo neceflary for
regulating the increafe of heat, fince our

Py {enfations



( 216 )

fenfations are more likely to deceive us
afterwards than at firft ; and it 15 of ime
portance that the warmth be not very
confiderable : perhaps 70 degrees of Fahren-
heits’s feale is as much as fhould ever be
applied, fince to fupport any degree above
- this produces a wafte of ftrength.

Warmth thus applied is certainly highly
expedient, and its effetts on the fyftem

are probably thefe, that ‘the blood, in

drowning, &c. deprived of the greater part
of the latent heat it imbibes from the
air, becomes infufficient to ftimulate the
folids ; but, by the application of fenfible
heat to the furface of the body, the heat of
the animal is prevented from being {o foon
carried off; and thus in fome meafure {up-
plies the place of that latent heat which
naturally 1s abforbed by the blood ; for, al-

though
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though heat be abforbed from the airin a
latent form, it is given out to the {yftem
in a fenfible one. 'Let it not, however, be
undcrﬂ;aad that warmth 1s to effe& a cure
of itfelf ; for we have repeatedly mentioned
that the collapfe of the lungs has caufed an
obftrution to the paffage of the blood ; and,
before circulation can go on, this obftruc-
tion muft be removed, and the blood
furnifhed with its ufval ftimulus and

change.

Various are the modes of applying heat
to the body ; warm bath, warm grains, &c.
but thefe are means more eafily diretted
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 greatet
objection, as it prevents us from having
recourfe to friGions, and permits fuch a

length
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Effects of Frictions.

It is with great propriety Mr. Kite 'f;as
limited the ufe of frictions ; at the
commencement of the curative npératiuns
they muft be produétive 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 1t fcarcely can be doubted but that this
praltice 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
pf '_thc heart, With a view to afcertain

the






¢ 221 )
weaker was its adion, and, even where

no a&ion was evident during the diften-

tion, it was generally renewed by remov-
ing part of the blood from the anterior

cava.

It is, however, with fri¢tion as with
electricity 5 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 effeéts of
{ufpended refpiration, it was obferved that
the aorta and arterial {yftem 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 contra&ile power of their own;

when once the right fide of the heart has
been
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may be exceedingly troublefome after reco-
very. This objetion however fhould have
but little weight were any real advantage
to be derived from their ufe; but the appli-
cation- of ftimuli to the eyes, noifes to the
ear, acrid liquors to the tongue and palate,
{fternutatories to the noftrils, fcarifications
to the {kin, and the a@ual 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
fyftem muft be fimilar to that of ele&ricity
when applied to the heart during the col-
lapfe of the lungs, viz. the deftru@ion of
irritability. The idea that fugcefted fuch
applications muft have arifen from fuppof-
ing the animal powers to beonly in a flate
of torpor, without confidering that there
etifted a caufe, without the removal of
which all thefe attempts muZt not only
prove fruitlefs and abortive, but even de-
ftrutive
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The hiftory of medical errors fearce
affords an inftance of a more blind and
obftinate prejudice, than that which fhill
induces the Humane Society to recommend
a mode of praétice {o obvioufly deftructive.
It is actually exhibiting a poifon, that aéts,
as moft other vegetable poifons do, by pro-
ducing fuch an extreme degree of debility as
no powers of life can {fupport ; and there can
be fcarce any rathnefs in affirming that fuch
quantities of tobacco have been adminiftered
in this difeafe in the form of fmoke, as
would have deftroyed any man in full
health. And indesd can there be any thing
more evidently improper than fuch a pric-
tice? We might with as much propriety
recommend tobacco in fyncope, or in a
typhus fever, as in fufpended refpiration
from drowning, &c. nor can there be the
leaft doubt entertained of the effels it

would produce in either of thefe difeafes.
Q. 2 + When
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fuch a remedy ? This indeed, is quackery
in the higheft degree,

When examining the effetts of medicines
thrown into the ftomach after refpiration
had ceafed, it was found that their action
was far lefs powerful than when adminif-
tered in full health; and it is a fortunate
“circumftance indeed, that their operations
are regulated by fuch a law ; for, if me-
dicines praducéd the fame effect Iin this
difeafe as during the unimpaired vigour of
the natural fun&ions, it may without hefi-
tation bc declafed, that no one could ever
have been recovered where tabaccﬁ had
been empl{iy:éd in quantities equal to what
had'been recomimended. - Tobacto injected
intq the ﬁomacfh.wiﬂ of courfe produce
more viclent effeéts than when thruwu up
thﬂ retum ; but wh_f:n i:‘b_aqyantit'y em-
Plﬂj’ﬁd 15 perhaps Equal to three or four

Q_3. ounces,
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in the place of tobacco, fome aromatic
herb; and, if weare to make ufe of glifters at
all, herbs of this nature are certainly prefer-
able: but no very great advantages can
rationally be expected from any applications

to the retum.

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

mas of any kinds

It thould al{o be remembered that ene-
mas ought to be {mall 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-

Q 4 nical
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No more fpe&atﬂrls thould be allowed to
be prefent than are abfolutely neceflary ;
which we congceive may be gight or nine
in all, including the Medical Afiiftants;
two to  have the diretion of the cheft,
one to turn the eleftrical machine, one
to dire&t the fhock, four to apply the
fritions, and the other to aflift occa-
fionally, This number will be fufficient
for an{wering every p!.zr;-:an':lfﬁ':,'r and a greater
number would rather embarrafs, and only
contribute to render the air lefs fit for
redpiration,

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 frittion from propelling the
blood towards the heart. |

Having prepared the bed, or mattrafs,

Ol1
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to be inflated ; and the eletrical machine
being prepared, one director 15 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 richt ; when the
electrometer is to be placed a little more
than one third of an inch from the j'ar', and
the ftroke given. The eleétrical {hock 18
to be rﬂpea‘téd 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
introduétion of the pipe down the trachea,
the thyroid cartilage thould be immediately
divided in the manner defcribed in Seétion
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
fun&ions, after the mufcles of refpiration

have be'en {timulated to action.

If unfortunately no eleétrical machine be
at hand, the method of performing artificial
refpiration thould 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
fupply : this procefs fhould be protracted for
about a minute, when the hand is to be
removed from the mouth, and the cheft
prtﬂ'&d, to complete the collapfe. 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 effect a recovery, fhould the lungs

be
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0. That in the foetus 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.

1 Tilat this change is effected in the
foetus, by the blood pa{ﬁng through the
cells of the placenta, and the veflels coming

in conta& with the maternal arterial
blood.

i

12. That fo much of the venous quality
1s imparted to the maternal from the foetal
blood, and oz/y fo much latent fire evolved
from the maternal to the foetal, 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 capillaries
mixes with venous blood, it follows that
the left fide of the foetal heﬁ_rt contracts
from the ftimulus of black blood,

- 16. That asall the blood which paffes
through the lungs muft enter the left
auricle, the latent heat of the foetal blood
in the right fidle muft exceed that of

the left.

17. That the blood in the umbilical
arteries which 1s 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. Thatalthough 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 contrations, or after they
have ceafed, no perceptible difference is

found in the proportions of bleod in the twao
fides of the heart.

24. That the a&ion of the heart furvives
the periftaltic motion of the bowels.

25, That the veflels of the head exhibit
no extravafation, nor even diftention,

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

power of expelling air from its lungs.

27. That although = the mufcles of
R 4 " expiration
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gir do not appear to make a full infpira-

tion, but like animals immerfed in water
rejet 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 conw=
tinue to a& till they have expelled all the
air from the lungs, which they have the

power of ating on.

33. That the fame collapfe of the
luﬁgs is produced from fuffocation, as from
drowning or hangmg; 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 writability
than
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ferent in guality 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 paffed through the
lungs, and imparted to them a confider-~
able portion of its heat, without receiv-
ing a fupply from refpiration; while the
blood of the right poflefles a quantity of
fire in a latent form, which it ftill con-

tinues to evolve.

4o0. 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 right
auricle and ventricle muft confequently

predominate, its irritability of courfe will
likewife be greater,

X004 _ 41, That
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pofJeffed the blsod of ‘the left, and the left the
biood of the right, the degree of irritability
would probably be reverfed.

45. That if the right fide of the heart
in fuffended refpiration had'the irritability
of the left, and the left the irritability of
the right, a recovery could {carcely be

efc@ed’ in any inftance,

46. That as foon as the adtion of the
left fide ‘of the heart is increafed by-the
fimulus of florid blood, the right alfo aéts
more powerfully.

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

glvc
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no external adion being produced by elec-
tricity. -

s1. That as the differénce of itritability
in animals of the fame order depends
‘more on the fpecific 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 ele&ricity has been found
capable and incapable of producing external
adtion during the prefence of various de-
grees of heat, 1t proves that animal heat
and evident irritability are by no means

coequal.

c3. That although no fpecific degree of

heat will determine the prefence or abfence
of
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5. That this probably proceeds from

the irritability of the heart being {till {o*-
great as to be ftimulated to action 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 is
made, the interior pulmonary veflels arc

collapfed; and contain but a {fmall quantity
of blood.

6o. That if even a change be prﬂﬁﬁced
on the quality of this blood, the quantity
3 38

™~
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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
{yftem 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 the left

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

65, That as an animal, when immer{ed
in warm water, may be drowned with its
blood fomewhat florid, it neceffarily fur-
nifhes an objection to the opinion, that the
ation of the left heart ceafes from the
prefence of black blood. '

66. That as in drowning, &e¢. the im-
petus of blood to the head is checked
immediately after the obftru&ion to its

- EE 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
fufpenfioni of circulation is not ke prefence
of black blood in the left fide of the heart,
neither is it the want of motion in the fyﬂg} ;
but a collapfe of the air cells of the lungs,
which prad’ﬂc&:' a mechanical obftruétion to
 the paffage of the blood in the fmall branches

of the pulmonary veffels. "

s0. That the proximate caufe of the dif- .
eafe may be faid to confift in a_collapfe of
the lungs, producing a collapfe of the pul-
monary veflels, with want of latent heat in
the blood, fince, unlefs both thefe ef-

S 3 fells
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in this difeafe, 1t appears neceffary to

inject fome warm cordial, fuch as brandy,

&c. into the ftomach.

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

drowning and {uffocation.

6. That the degree of plethora in the

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

27. That as in drowning and {uffocation

the plethoric ftate of the right fide of the
heart cannot be relieved by bleeding, this
operation thould never be performed unlefs
it appears that there is too much blood 1n
the {yftem. |

S 4 8. That
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will form great obftrudtion to the paffage
of the blood.

g8, That the uncertainty of fuccefs
which has hitherto attended the cafes
reported by the Humane Society, has pro-
bably been in a great meafure occafioned
by the method of condué&ing the artificial
refpiration.

83. That the advantages. to be derived
from artificial refpiration are, to procure
2 contradtion 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 ftimulus
from the air, |

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

lungs,
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87. That the lungs {hould be diftended,
" and, after allowing a {mall quantity of air te
efcape, the infpiration thould 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 {everal infpirations.

88. That the intention of this prattice is;
that as the heart may poflibly not contra&
more than twice or thrice in° a minute,
the blood may find a free paffage whenever
it happens to a&, and a freth fupply of
air to produce the neceffary change; - and
likewile that thefe {feveral infpiraticns may
act as a ftimulus to the heart, while the
collapfe helps to remove the blood the Jungs

have received.
89. That
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93 That we are on nho account, as
advifed by Dr. Goodwyn, to wait for any
icreafe of animal heat before the lungs

are inflated.

94. That placing the body on a mat-
erafs or bed, at a proper diftance from
the fire, is the beft mode of applying
wartnth ; as it neither embarraffes nor pre;-
vents any other procefs that may be found

cxpsdi:nt.

g5s. That the principal advantage to be
expeted from the application of, warmth
is, to prevent fo much fenfible heat being
evolved from the blood, and thus in fome
meafure fupply the defe@ of latent heat
that {hould have been abforbed from the
air.

. g6. That fri®ions made ufe of as a

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

1o1. That tobacco in any form is highly
pernicious ; and were this medicine to pro-

 duce the fame baneful effets in cafes where

refpiration is fufpended, as in a ftate 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 action they prevent
the free defcent of the diaphragm.

104. That
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