DISSERTATION

ON

SUSPENDED RESPIRATION.



e
3
6



DISSERTATION
oN ¢

SUSPENDED RESPIRATION,

FROM

Drowning, Hanging, and Suffocation :

*
In which is recommended a different Mode of Treatment
' to any hitherto pointed out.

By EDWARD COLEMAN, SurGEON.

¢ Qui ftudet optatam curfu contingere metam,

¢ Multa tulit fecitque puer.”
Hoz,

L ONDO N:

PRINTED FOR J. JOHNSON, ST. PAUL’S CHURCH-YARD.

MDCCXCET.






DEDICATTION,
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LECTURER ON ANATOMY, AND SUR-
GEON TO ST. THOMAS’S HOSPITAL.

DeaARr Sir,

THAT diftinguithed eminence you have
fo defervedly attained in the medical world,.
and that gratitude, you might fo jufily
claim from all your pupils, particularly
from one who is indebted for his chirur-
gical and phyfiological knowledge, not
only to your public, but private in-
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firu&ions; would, alone prove fufficient
inducements for me to addrefs thefe firft -

fruits of my profeflional ftudies to you.

But however powerful thefe motives;
allow me to add, there is another yet more
cogent, and which flows more imme-

diately from the heart.

That friendfhip with which you ho-
noured me while refident under your roof,
and which you have kindly continued
fince I quitted that hofpitable manfion, to
enter the bufy fcenes of life; will for
ever live in my recolleGtion, and awake
the moft grateful emotions of a feeling

mind.

Permit me then to hope you will re-
ceive this Dedication as a fmall, but {in-
cere teftimony of that fenfe I entertain of

your
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your efteem’; to merit and to enjoy which,
to the lateft period of my exiftence, is the
higheft ambition of,

Dear Sir,
your much obliged

and moft humble fervant,

EDWARD COLEMAN,

No. 8. FEN-COURT,

FENCHURCH STREET.
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INTRODUCTION,

OF all the exertions of human {kill,

there is, perhaps, none which affords
us more folid and lafting gratification, than
the reftoring to life thofe who are ap-
parently dead ; none, furely, more emi-
nently thews the dignity and fruitfulnefs
of Philofophy, or more clearly evinces the
benefits that may be derived from the well-

direGted efforts of human underftanding.
m.

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

B titioner ;
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_titioner ; and the caufes of death were too
incorreétly marked, to fhew, with any de-

gree of precifion, the means of recovery.

Accidental recoveries had, indeed, fhewn
that it was practicable; but Phyfiological
fcience was unable to explain or prefcribe
the mode. It was referved for the
eighteenth century, to exhibit, on a large
fcale, ‘any pradtical fpecimens of this mode
of benevolence, and to approach, in fome

refpe, to the {cientific folution of thofe
| principles by which it muft be guided.
Many {ocieties were formed on the conti-
nent cf Europe, for the purpofe, of pro-
moting this kind of knowledge ; and their
reports afforded the moftmortifying reply to
thofe who had declaimed with fuch triumph
on the vanity of natural {cience, and the
impotence of human art. Their multiplied

fuccefles, in {o untried a path, awakened a

3 - general
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general ardour on this fubje&, which was
not a little foftered by a cotemporary revo-
lution in natural knowledge: I allude to
the philofophy of elaftic fluids, which has,
during the laft parf of the prefent century,
received fuch incredible acceflions. The
do&rine of airs was fo intimately connected
with the fubje of refpiration, that it could
not fail to fix the attention of Philofophers
on thofe cafes where its fudden fufpenfion
was the caufe of death. It were fuper-
fluous to enumerate the various theories
offered by the Chymifts and Phyfiologifts
of this recent period. Suffice it to remark,
that the Humane Society of London
deemed the fubje& fo perplexed with dif-
cordant theoties, and fo fufceptible of
farther experimental eluddation,‘ that they
publithed, in 1787, a queftion on zhe
“ nature of the difeafes produced®by fubmerfion,
Sufpenfion, and noxious airs. Two Differ-
R | B2 tations,
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tations, of peculiar merit, they honoured
with prizes: thofe of Dr. Goodwyn and
Mr. Kite. The fame enlightened and be-
nevolent body purfued this enquiry, by
propofing a queftion—* Whether Emetics,
“ Venefection, or Eleéiricity, be proper in
 fufpended Animation, and under wbat

“ Circumflances 2”

To this queftion, I am about, in the
following Diflertation, to attempt an an-
fwer, It may be thought, that, as this
queftion is purely praéfical, any invefti-
gation of the proximate caufe of the
malady, is fuperfluous and impertinent,
and that our views ought to be limited
to the remedies employed ih its cure; ‘or,
34 may perhaps be fuppofed, that fuch
enquiry is precluded by the fuccefsful la-
bours of Dr. Goodwyn and Mr. Kite:
~but reafon, which forbids us to abandon

any
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any thing {fo important, to blind em-
piricifm; 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 refpeiting the accuracy
of either,—feemed to prove the neceflity
of reinveftigating, by experiment, the na-
ture and caufes of the difeafe, previous
to the delineation of any plan of cure.
One of .thefe Gentlemen attributes death
in thefe cafes to the quality of the hlood
in the left fide of the heart, which has not
received from the air, that ftimulant pdwer :
_which fupports the aQtion of that organ.
The other attributes it to apoplexy. I
was induced, fince the appearance of thefe
eflays, to attempt a feries of experiments
on the fubje@, which perhaps I-fhould
not ‘have - cultivated with fo much ardour,
had:l not been animated by the example

B; of
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of Mr. Kite, from whom I received the
rudiments of my medical education, and
for whom, in combating his opinions, I
truft I fhall not be deficient in that refpe&
which his talents demand. Thefe experi-
ments prefented refults which contradicted,
in many important particulars, received
opinions: but I fhould not, at fo early
a period of my life, have prefumed to
offer them to the public, had I not been
emboldened by the approbation of the
Medical Society of London, who voted
me the Humane Society’s Medal. To
Mr. Kite, I flatter myfelf, no apology for
the freedom of my ftriGtures on his opi-
nions, will be neceflary. Not to have
noticed his work, would have been difs
refpecful; and to have diffembled what
I found to be truth, in tendernefs to his
fentiments, is; I am fure, a facrifice that
his liberality would not exa&. He is

acquainted
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acquainted with my experiments and con-
clufions, and has, I apprehend, in confe-
quence, changed fome opinions, which,
in the hurry- of enquiry, he had prec1p1-,
tately adopted.

Dr. Goodwyn has juftly and ingenioufly *
remarked, that the expreffion, *“ Sufpended -
“ Animation,” is objeGtionable. Refpira-
tion and circulation may be fufpended;
but the principle of life, or the fufceptibility
of ad&tion, which is the fource of thefe
fun&ions, may ftill remain. Life, there-
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
diftinGion between the adtions and powers
of life, which, with fo many other ad-

: By mirable
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mirable obfervations in Phyfiology, we
owe to the ingenious Mr. Hunter,
clearly illuftrates the impropriety of the
language to which we obj¢@. He has
proved that in many cafes, thefe powers
remain when the alions are fufpended.
The prefence of thefe p‘owers' alone con-
ftitute life, and form the fole diftinétion
“between inanimate and animated matter.
“When they ceale to be prefent, life is
not fulpended, but deflreyed. Inftead there-
fore of employing the term Sufpended
Animation, we fhall adopt that of fi/pended
refpiration, which only fimply exprefles a
fact, and is equally applicable to thofe cafes
which terminate in death, as to thofe of

which the event is favourable.

The neecflity of inﬂi&_{ng a painful
death on fo many animals will ever be
. felt by minds of fenfibility, as a eruel
2 alloy
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alloy to the pleafure of Phyfiological re-
fearch. By no other mode, however, than
that of experiments on living animals, can
any important advance be made in this fub-
je&.- Such experiments, in a queftion of
mere curiofity, are certainly indefenfible ;
but where, as in the prefent cafe, the ad-
vancement of truth confpires with the
interefts of humanity, we muft irﬁpofe
filence for a while on the remonftrances of
fenfibility.

In the condu& of the experiments
which form the bafis of the following dif-
fertation the moft f{olicitous accuracy has

been every where ftudiouily 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 experiments,
though
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though made in the fame manner on the
fame order of animals, will rarely in every
particular agree; for it is not only true,
that different fpecies of animals, but that
different individuals of the fame fpecies,
poflefs various degrees of irritability. In
{ome, irritability may be excited for {everal
hours after apparent death, others lofe.
it in lefs than one. The caufe, however,
of thefe variations, where they have been
in any refpe& confiderable, we have ge-
nerally difcovered fome accidental and
extrinfic circumftance, and by multiplying
and varying experiment, we have attempt-
ed to difcriminate between what is made
the foundation of gemeral principles, and
what is the effe@ of peculiar and fortuitous
circumftances. But the enthufiafm which
we géqhire in the purfuit of a favourite
refeax"éh, and our anxiety to fupport a che~
rifhed opinion, ought ever to make the

expe-
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experimental enquirer diffident of the cor-
retnefs and impartiality of his own views.
A bias unconfcioufly taints his judgment,
againft which the only remedy is, the
vigilant eye of acute and intelligent friends,
who feel more anxiety for his reputation,
than tendernefs for his prejudices ; and who -
have no motives either to make tortured in-

ferences, or to hide unfavourable refults.

The fame good fortune that has bleffed
my private life with the friendfhip of fuch
men, [ have alfo eminently felt in my
{cientific purfuits. ~ Their acutenefs has
refcued me from my prejudices ; and their
aid has given me a confidence in the cor-
re@nefs 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
phy-
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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 {mall gratification, that my
much refpe&ted friend Mr. 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 death worthy the inquiry of the
Phyfiologift, or the attention of the medical
pradtitioner. Nor is the benevolent zeal
of the Humane Society confined to it
alone; as every cafe of apparent death
arifing from a fudden fufpenfion of re-
fpiration, partakes equally of its bounty;

and
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and indeed, agreeable to this extenfive view
of the lubje@, the queftion before us is
propofed.

The fufpenfion of vital aftion from
ftrangulation and noxious airs, exhibit
phenomena fo nearly fimilar, and require
a treatment {o ftri&ly congenial, that any
inquiry into the nature of fubmerfion,
would be narrow and impetfe&, unlefs
illufirated by the inveftigation of thefe
kindred difeafcs. To them, therefore, we
have thought it expedient to extend our
refearches; and from inducions founded
on a feries of experiments and obfervations
on. thefe. different modes of death, we
flatter ourfelves with the hope of having
eftablithed a genetal ‘do@rine on premifes
lefs ambiguous and unftable, than thofe
which have been the bafis of former
theories.

To
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To afcertain phoenomena is the firft
duty of every inquirer into nature. We
thall therefore, in the three firft fe&ions,
fuccin@tly defcribe the ufual effeéts of
drowning, hanging, and noxious airs. Ha-
ving ftated thefe, it will be natural to prefacé
any enquiry into the nature of the difeafe,

» by the Phyfiology of the organs which are its
feat’; thus delineating their natural altions,
before we examine their morbid condition.
The Phyfiology of the heart and lungs

therefore will conftitute our fourth fecion.

Having deferibed the pheenomena of
departing life, the appearances on diflection,
and the natural ftate of the organs con-
cerned ; we are next led to view the fubjet.
in a Pathological light, and to confider that
peculiar condition of the animal which
forms the proximate caufe of the difeafe.
This will occupy the fifth fecion.

' The
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‘The remaining part, to which the pre-
ceding feCtions are but preliminary, will be
devoted to the confideration of the cure:
and i in order to inveftigate more at length,
the efficacy of thofe means which have
been either fuggefted by {peculation, or
fan&ioned by experience, we fhall dedicate
a fe@ion to each clafs; by which we.
thall be enabled to form.a‘ jult eftimate
of their comparative efficacy and impor-

tance.

Emetics, Venefe&io}l, Ele&ricity alone,
or combined with artxﬁcxal Refpiration,
Warmth, Frictions, and Clyﬁers will be
fairly examined by the tefts of experiment,
and of reafon; and our laft feGion will
confit of conclufions drawn from the

whole.

"SECTION






SECTION L
On the common Effects of Drowning.

THE general effets of f{ubmerfion
have been defcribed by others; and the
refult of our obfervations will be found
nearly f{imilar to that obtained by thofe
who have already written on this fubjé&.
But, as it was neceflary firft to examine
the appearances of animals under that
circumﬁan‘ce,“before any clear idea could
be formed of the proximate caufe of the
difeafe, we fhall begin with a defcription
of the ﬁiﬁble 'eﬁ'e&s that ufually -arife
from drowning,
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As foon as an animal is immerfed in
water, air is expelled from its lungs, and
immediate attempts are made, apparently
with great difficulty, to infpire; in whicn
a fmall quantity of water is taken in.
The animal betrays increafing uneafinefs ;
again expels air, and takes in water. The
duration of this progrefs varies from one
minute to four; when the mufcles of
refpiration ceafe to a&, and all ftruggling
is at an end. Some involuntary motions,
however, generally fucceed. On opening
the cheft, we find the two wene cave,
right finus venofus, auricle, ventricle and
pulmonary artery, loaded wjth blood ; the
left auricle nearly dlﬁended the left
ventricle about half ; the aorta and its
‘branches containing a quantity of blood,

which, in all its appearances, refembles
venous. The lungs are difcovered in a
ftate of collapfe, containing a {;n;gll quantity

of
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of water, in the form of froth, but very
trifling, when compared to the quantity of
air expelled from the lungs, during the a&
of drowning. The ftomach, on examination,
. prefents alfo a little water, which probably
pafled into the cefophagus when the rima -
glottidis was clofed by the epiglottis; for, as
the water contained in the mouth is then re-
fufed 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 trachea; but this organ, as if confcious
of not receiving its due element, rejetts
‘the water, which is then allowed to pafs
into the cr.féphagué. Air is again emitted,
and new efforts made to infpire; when,
upon the fame fenfation being ‘produced,
fimilar effeé&s arife ; and, after the laft ex-
piration, .no more water enters the Iungs,
.or ftomach, If it were not certain,
| Cz2 that
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that the epiglottis clofed the rima glottidis
as foon as the trachea was irritated, there
would be found as much water in the lungs
as the animal had expelléd air; and if the
ftomach or lungs continued to admit water
after refpiration had ceafed, we thould find
them fully diftended, where the animal was
fuffered to remain in water : but, whether
our examination be made immediately
after the ceafing of refpiration, or after
the fpace of feveral minutes, we find no

variation in the quantity.

Mzr. Kite has concluded, from his ex-
periments, that no water enters the wind-
pipe, until the animal is dead: but the
entire refult of our experiments, tends to
prove the contrary ; that water does get
into the lungs, during the a& of drowning,
and that no animal, provided with lungs,
can be drowned without this circumftance

taking
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taking place. Indeed Dr. Goodwyn has

proved this to be the fa&, in a manner
fo convmcmg and fatlsfa&ory, that we need
only mention, that the whole of our ex-
periments to afcertain this point, have uni-

formly agreed with his.

It has been mentioned by Dr. Goodwyn,
and other Phyfiologifts, that the right
auricle and ventricle are found rurLL; but
there feems to be fome degree of impro-
priety in the expreflion, for by the termvi
FULL is generally underftood, a cavity
replete without vacuity ; and if fo, the left
ventricle may be faid to be jfu/ when
diftended only to half its natural fize, as
it adapts itfelf to the volume of bload it
contains, énd in proportion as the quantity
encreafes, the cavity enlarges, until it
attains a certam degree of diftention, when
it re-ats. If the heart, therefore, contain

| C3 but
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but a {mall quantity of blood, the fides

of the auricle or ventricle will be in
conta&t with it, and the cavity be thus
obliterated. ~Hence we prefer the term
diflention to that of fullnefs.

The following experiments were made
with a view to determine the .exat pro-
portion which the quantity of blood
contained in the right fide of the heart,
bears to that in the left, after drowning.

ExperiMENT I,

A Cat was drowned, and as foon as the
ufual ftruggles attending fubmerfion had
ceafed, the cheft was opened, the two
: c}ivaa, pulmonary artery and aorta were fe-
cured, and the blood contained in the heart
carefully colle@ted ; upon which we found
the proportions of the right to the left to’

be as 12 to 7
The
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The next experimé% was made to
afcertain whether after the ation of the
heart had ceafed, the proportions were

altered.

ExperiMeENT Il

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

were to the left as 2 to 1. : 5

Thefe experiments were repeated, and
the quantities varied ; fometimes being as
7 to 4, at other times as § to 2, Or as
12 to 7. So that at a medium, the pro-
portions of the right are to the left, as
about 33 to 1§5. The lungs were uni-

formly in a ftate of collapfe.

C 4 Dr.
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Dr. Goodwyn has made fome experi-

ments to afcertain the precife quantity of

air contained in the lungs after death, and

they were condufted in the following

manner.

[43

113

{3

(11

(29

€€

(43

(49

113

(13

€«

“ A dead body of ordinary ftature
was procured, and a clofe comprefs ap-
plied upon the fuperior part of the ab-
domen to fix the diaphragm in its
fituation; a {mall opening was then made

into the cavity of the thorax on each

fide, and upon the moft elevated parts;

The lungs immediately collapfed, and
water was introduced at thefe openings,

till the cavity was filled. The volume

of the water contained was 272 cubic

inches.

“ The perfon on thfe body this ex-

periment was made had been hanged.
« In .
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« In four fimilar experiments, where death
\ P

“ was natural, he found the medium was

« 109 cubic inches of air after complete

. . b2}
¢ expiration.

Thefe experiments, however, are by no
means cdncluﬁve, for whatever may be
the caufe of death, the animal dies with
an expiratiori, 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 comprefs round the abdomen does
not feem adequate to prevent the dia-
phragm from defcending, Could this even
be eﬂ‘e&ed,‘ as the ribs cannot be kept at
any fixed point, and as the air contained
in the lungs was not collected, the ezibéti—
ment can by no means authorife any legi-

timate conclufion.

Dr,
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Dr. Goodwyn obferves, that atmofphe-
ric air by means of its gravity, will enter
into the cheft, and by its preflure on the
external furface of the lungs, oblige them
to éollapfe. 'This obfervation, we prefume,
is “erroneous, for according to a well-
known law in hydroftatics, air and all
fluids prefs equally in every dire&ion.
However great therefore the quantity of -
air may be in the lungs after the laft ex-
piration, the preflure of the external air
cannot be fuppofed to affift in repelling it.
This appears obvious on a common blad-
der inflated, which the preflure of the
external air, by no means contributes to
collapfe, but in the fame manner as the
lungs, where the preflure is equal, its
evacuation will depend on its own elafticity
and weight.

Thofe
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‘Thofe who die a natural death muft
always have a portion of air remaining
after the laft expiration, fince the lungs
cannot be thoroughly evacuated by one,
~but in drowning, &c. repeated expirations
are made with attempts to infpire; but
the latter are ineffetual. What therefore
Dr. Goodwyn has advanced on this head,
appears neither eftablithed by argument,
nor countenanced bf fa. But to deter~
mine the point, the following experiment
was attempted,

EXPERIMENT.

- A Cat was 'drowned,\ and after the
ufual ftruggles had ceafed, the trachea
was fecured by a ligature, the cheft opened,
and the lungs taken out. A glafs tube
divided into drachms and half drachms,
by meafure, was filled with water, and

inverted
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inverted in a bafon containing the fame
fluid. The trachea was then placed under
the tube and divided, and the lungs being
prefled, not half a drachm of air efcaped.
The fame lungs when diftended contained

16 drachms of air.’

This experiment was feveral times re-
peated on different animals, and fometimes
{carce a bubble of air was colleted; in no
inftance was the proportion of air in infpira-
tion to that remaining on the Jungs after ex-

_piration fo fmall as 10 to 1. The Heart has
frequently been obferved to contra&, or
more properly to vibrate, for more than two
hours after .refpiration was fufpended, and
that from no other ftimulus but its own
blood; while in other experiments the
vibrations did not continue one tenth part
of that time.. The right fide of the heart

preferves its ation much longer than the
: ' left,
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left, and the auricles longer than their

correfponding ventricles.

The periftaltic motion of the inteftines
does not continue as long as the contrac-
tions of the heart, and.on opening the
head, the veins, as in 'ordinary death, are
found rather diftended, but without the
leaft appearance of extravafation. Our
next enquiries will be direGted to the effe&ts
of hanging.

SECTION



" SECTION 1L
Common Effects of Hanging.

"W HERESS, in the lungs of animals
~ that are fufi)ended by the neck, there is
always prefent a certain quantity of air;
the idea has been fuggefted, that they
poflefled no power to expel it , and that,
‘as the lungs would then be more or lefs
diftended, the difeafe arifing from it, muft
differ from that produced by drowning.
To alcertain this poiht, the following ex-

periment was made:

EXPERIMENT.

A dog was fufpended by the neck. As
foon as the ftruggles became violent, the
feeces and urine were difcharged. In lefs

3 -, than
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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 fide of the heart over-
loaded with blood ; the left auricle not
quite diftended; the left ventricle about
half. The aorta and its branches con-
tained blood, in quantity and colour fimilar

to that from drowning.

Hence it appears, that, when an animal-
is fufpended, the mulcles of  zefpirition
are capabie. of performing their fun&ions ;
nor are the mufcles of infpiration deprived
of their a&tion: but, as the preflure of the
cord overpowers that of the external air,
and clofes the opening of the trachea,
the lungs are not found expanded, but
collapfed. '

Our



Our next obje& was, to attempt afcer-
taining the exact quantity of air that re-

mained after hangmg

ExPERIMENT.

A dog was hanged; and, ‘when all
firuggle and motion had ended, a ligature
was made on the trachea, in the fame
manner as in the animals that were
drowned : the lungs were then removed;
and the orifice of the trachea bemg placed
under the glafs tube filled with water, the
ligature was taken off. On prefling the
lungs, fomewhat more than a drachm of
air elcaped. Thefe lungs, when inflated,
contained forty-three drachms and one
- half of air. This experiment was often
repeated ; and fometimes fcarcely any air’
‘could be exprefled from the lungs. At

2 » other
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other times, the proportions in infpiration.
were, to thofe in expiration, as 11 and 12
to1: but, in all inftances, the quantity of*
air that remained was very inconfiderable. =

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

EXPERIMENT.

A dog was fufpended by the rfeck, tdl
he ceafed to move. The two cava, pul-
monary artery, and aorta, were fecured vby
ligatures; and, after a careful infpeétion
of the heart, it was found, that the pro-
portioh of blood in the right, was, to
that in the left, as 2 to 1.

‘The 'fa'mv‘ev experiment was repeated on
-a cat, and the proportion as 5to 3. On a

D . repetition
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repetition of thefe experiments, it ap-
peared that in fome the proportions
were as ¢ to 4; in others as 5 to 3, and
as 710 4. 8o that the medium ftands a2 |

3 to 14,

The contrattions of the heart and the
periftaltic motion of the inteftines continue
nearly as long after hanging, as after
drowning, the veins of the pia mater feem
‘more diftended, but without any extra-
vafation..

SECTION



L ] .
SECTION I
 Comion Effects of Noxious Airs.

IT has been ‘generallyn fuppofed, tha:t4when
animals were immerfed in any air unfit
for refpiration, it was both taken into
their lungs, and again expelled. During
which procefs a deleterious effet was. pro-
duced on the fyftem that terminated in
death. (

This fuppofition is, however, fupported
neither by argument, experimeéfit, nor ana-
logy ; for we find the lungs .equally sk
lapfed in thofe animals defiroyed by noxious
air, as in thofe which have been drowned.
In both cafes, the firft expiration is by
no means fufficient to exhauft the lungs.

| D2 The.
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The animals attempt to infpire ; when they
become confcious of receiving an improper
element, and the®epiglottis clofes. ~ Air
cdnkinugs to be expélled, and new atterggts
are made to.infpire, when the ',tra:’éa
being Vagain irritated -by the noxious air,
little or none enters the lungs, éqd_ after

the laft expiration they admit no more.

In order to difcover the precife quantity
of air now retained, we made the follow-

' mg experiment. -

ExPERIMENT.

 AKitten was immerfed in nitrous air, and
when ithad ceafed to breattie, thetrachea was
fecured, and the lungs removed. The air
was then collected as before, in the glafy

)

dtachm ;

tubé; and it amounted only to 1 ‘a
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drachm* ; whereas, in the diftended ftate,
thefe lungs contained 14 drachms and I.
@ the repétiﬁon of this expérim;nt, dif
fglt kindé of impure air were employed ;
and the proportion of it in the diftended,
to that of the collapfed ftate was generally
_as 40 or-50to 1 ; but in every inftance the
quantity of remaining air was very incon<
fiderable. |

" Our next obje& was to determine the
exa& quantity of blood in the rlght and left
fides of the heart.

" To afcertain this, we repeated the fol-
lowmg expenment.

* We heré mean the fame bulk occupied by
halfa drachm of water.

D 3 EXPE-
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EXPERIMENT,

A Rabbit was deftroyed by nitrous air ;
after which, the two gave, pulmonary'
tery and aorta, were fecured. The bl
in the right and left heart, was then col-
leGed. The proportion of the former,
was to that of thg latter, not quite as 3
"to 2,

From a repetition of this experiment we
learned however, that the proportion was
fometimes not fo much as 3 to 2. In one

inftance, it was more than 2 to .

As a medium, therefore, the quantity of
blood contained in the right, may be to
that inthe left as §to 3, oras 1 ; to 5.

We here alfo remarked, that the irrita-
bility of the heart continues but little

longer
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longer than the periftaltic motion of the
inteftines, and that in thefe experiments,
they both ceafed fooner than in animals de-

ed by drowmng or ]iangmg. Nor was
;,untablhty in any’ one mﬁance mani-
feft from artificial ftimuli after refpxratxon
had been fufpended one hour and five mie
nutes. In fome rabbits deﬁroyed by ni-
trous air, the heart ceafed to contra&,
from its own ftimulus, in lefs than four

“minutes.

From the uniformity of thefe effeéts, we
are authorized to conclude, that the air, in
which the animals were immerfed contri-
buted to deftroy their irritability.

T fhall not deny, that this effe& is to be
attributed to the noxious quality of the
air; but fhould rather fufpe@, the bulk of
| thxs air, taken into the lungs of fuffocated,

SO D4 does
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does not more than equal that of the water
admitted by drowned animals: for asthe
latter, .at each infpiration’ receive only a
fmall- quantity of water, it is -prdbable,'
former admit only the fame quantity :
noxious air, which, mixing with what re-.
mains in the lungs, is at length nearly all.
expelled by repeated expirations; and a.
fimilar collapfe takes place, to:that which:
we have already obferved, accompanies

hanging and drowning,.

+ Itis a remark of Mr. Kite’s, that ani-
. mals deftroyed by impure air, do not grow:
rigid, but'remain pliant and flexible, We
have however, in the courfe of our experi-
ments, met with ftriking examples of the
contrary.  Animals killed by nitrous air
beconve fooner rigid than thofe deftroyed
by drowning ; and in two inftances, the.
rigidity of .the extremities was remarkable,.

€ven
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even before the heart had ceafed to. vie
brige. - '

Qﬁ,examining the head, we difcovered:
e {mall diftention. of the veins. =~ .
. ! ' s 3

From this brief inquiry into the vifible
effe@s arifing from hanging, drowning,
and fuffocation, we difcover thefe trifling
variations. 'That in one inftance water
enters the lungs, inthe other noxious air;
that this air poflefles a greater tendency to
deftroy the a&ion 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 different fides

of the heart, are nearly equal.

The lungs in all thefe are in a ftate of co/~
lapfe. . Thefe confiderations, efpecially the
/afl, incline me to believe, that the caufe

which
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which produces death in one inftance,
operates alfo in the others.  But prior tggn
inveftigation of the proximate caufe of the
difeafe, a curfory examination of the p i
fiology of the heart and lungs may no’
~ improper,

SECTION-



SECTION Iv.

Pbyﬁology of the Lung: and mart.

IT is by no means our deﬁgn to extend
this inveftigation to every advantage that
“refults from refpiration, as our voice, fmell,
&c. but merely to take a rapid furvey of
thofe funétions more immediately cos:
nected with /ife.

On this fubje& Dr. Goodwyn has be-
ftowed no fmall fhare of attention; and
though‘ the refult of our own obfervations
does not permit us to yield affent to many of
his opinions, yet the refources of his inge-
nuity, and perfpicuity of arrangement ever
glaim :pui‘fadn}ifatian and applaufe.

But
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P
" But before we mqulre into that partlgl

conneQion which fubfifts between br

ing and life, our firft objeét is brie
confider the manner in which refpira

1s pei‘fofﬁied in health.

-

The expanﬁon of the thorax in ordmary
1nfp1rat10n is effected by the 1ntercoﬁal
and other mufcles, and its cavity lengthen—
q@by the defcent of the dlaphragm, but in
“laborious 1nfp1rat10n, the ferratus. major;

anticus, feclorales, &c. bear a confiderable

part.

5
&

Explratxon is fald to be both an a&we
\and paﬁive proce(s it is. a&we when the
abdbmmal mufcles comprefs the v1fcera,
and draw the l‘le downward and mward
and paﬂive from fome of the mufcles of "’5
{piration at his time relaxmg

The
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. ‘The lungs themfelves are {fomewhat ela-
I’q& butf are paﬁive in refpiratign. TheX:
may not unfitly be compared to a pair of
ws, and the mulfcles of refpiration to
“;ower that works them: in t‘,heir ftate
of expanfion, or.when the mufcles of infpi-
ration a&, a cav1ty is formed which admxts
an influx of air, but when compreﬁ'ed or
by the mufcles of expiration a&mg, the 03.1
vity is leflened and the air expelled. Thus,’
by this alternate di_latafion and contradion
of the thorax, the. précefs of refpiration is
{upported. |

- The attion of thefe mufcles in a ﬁateu
of health is mvoluntary, and is lefs in-
'ﬂuenced by the wxll than moﬁ of the
other mufcles in' the body we are able,
\however for a {hort interval, to check
’Qr increafe thexr a&mn, but that it {hould
not be Wholly fubfervxent to our wxl] s

2 ' very



( 30 )

very w;fely ordained; for otherwife the
powers of refplratlon muft ceafe wheneger
the fenfes are fufpended by ﬂeep or infa-

nity.

It has been generally fuppofed that one
of the natural fan@ions annexed to the
lungs was that of affifting, by their alternate
dilatation and contration, in propelling the
blood from the right to the left heart, but
in health they feem to poffefs no fuch
power ; for if circulation depended on
their mechanical a&ion, fufpending our
breath for one twentieth part of a minute
would produce a ceflation of the heart’s
motion, and we fhould then have but one
pulfation to one expiration, whereas in
health we have four.

Lét theory devife what principle it may
to explain, that in health the lungs poffefs
S nQ



( 3t )

no power of propelling the blood from
one fide of the heart to the cother, the
matter of fact is clear; (and it will ap-
r fo from an experiment contained
*the next fe&tion) that the right fide of
the heart, unaffifted by the action of the
lungs, is capable of fending blood to the left,
even after refpiration has ceafed. If then
the heart, in a ftate of debility, can perform
this fun&ion independent of the lungs, can
it be fuppofed unequal to it in the vigour
of health ? Groundlefs therefore is the fup-
pofition that attributes this office to the

lungs in ordinary refpiration.

~ But a fubje& more delicate and abftrufe,
a fubje@ that of late years has been warm-
ly and ably controverted, now claims our
attention ; I mean the alteration induced on

_the blood in the lungs, the caufe on which
3 ~ this
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this. alteration depends’; and what effect it
produces oa the animal ceconomy.

To in?eﬁigqte tiic peculiar ‘cha-n'ge' which
the air may undergo in the lungs, is ¥t
of. leittlc‘:.“ confeqtig:x_1c«=_:vf to' our prefent in-
quiry; but it is abfolutely neceflary to
trace and afcertain the effets produced
_by_t'h.e: air on the blood, before we cag, ob-
tain any knowledge of the proximate-c‘c_zzzﬁ
of th¢ difeafe. |

- We are inclined to the opinion of the
‘ivnge.nioﬁs Dr. Cfanéfd, that a principal
advantage derived from refpiration, is
animal heat ; that when the blood returns
from all parts of the body to the lungs,
it has loft a quantity of its latent heat ¥,
B ' | -~ land
| * .A;:ééfding to ‘Loycké’sjde{rinjtion,‘ i)eat lS :'1‘ i’g;iﬁbié
* quality; and if this definition be admitted, then, pro-
ol ‘ perly
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and imbibed fome noxious quality; that
in the lungs it meets with afmofpheric
air, containing a portion of dephlogiﬁicated
& which is known to poflefs heat in a
latent form; that it abforbs part of this
heat, and at the fame tifng imparts to the

air which remains, its impurity.

Thi the blood having thus robbed the-
air contained in the lungs of a portion of
its latent heat, and rendered that which

remained fenfibly warm, the air is expelled, -

perly fpeaking, there can be no fuch thing as latent
heat, as that muft ceafe to be heat when once it be-
comes infenfible; but as the term appears to convey
the idea we wifh, that of a principle or quality exifting
in a body which cannot be meafured, but under cer-
tain circumftances can produce fenfible heat, we
have preferred it to others; and perhaps there is a
grea:ter _imbropxiefy‘,i"n» Locke’s definition of heat, than
in the term employed. '
IR " E and
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and frefh air taken in to undergo a fimilar
procefs.

Dr. Crawford, in the courfe of his ex-
- periments, had occafion to obferve that
"animals immerfed in a warm, did not fo
foon phlogifticate a given quantity of air
as thofe immerfed in a cold medium ; nor
is the reafon inevident ; for when the blood
“arrived at the lungs, it had not loft fo much
of its heat, confequently did not require
to rob the air of fo much of its pu-
rity ; whereas in the other cafe, the ani-
mals being immerfed in the cold medium,
were obliged to generate more heat; but
to effed this, they muft confume a greater
quantity of dephlogifticated air than thofe
in the warm medium. It is alfo obferved,
by the fame author, that the difference
between the colour of the Yenous and ar-
terial blood, was diminifhed by expofing
o animals
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animals to heat, and increafed by expofing

them to cold.

«.. The obje& of thefe experiments was to
prove, that in proportioyn as the atmafphere
is cold, more or lefs heat is abforbed from
- the air, to keep up an equilibrium of heat ;
-and it is remarkable that the animal in
the warm medium died firft, notwithftand-
ing the blood was florid, and the furround-
ing air more pure than that which the
animal breathed when in. the ,coldl.‘me-
dium. '

‘The one dying fooner than the other
probably depended on debility ; that the
one in the warm medium, from being
obliged to genérate cold, or more properly
refift beat, was rendered weaker than the
other, from “this being a more expenfive
procefs to the fyftem than generating heat ;

. k E 2 . for

¥

3
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for there appears' fuch a tonic power in
cold, that an animal will allow of its natu-~
ral heat being diminifhed feveral degrees
without inconvenience, 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 contain-
ed more of the ftimulating quality than the
other, yet from the folids not being fo fuf-
ceptible of altion, life could not continue
fo long ; and it appears evident, that if the
animal in the cold medium, could have ex-
shanged its blood with that in the warm
one, the difference in the duration of }ife

would have been ftill greater.

The obje&tions adduced againft Dr.
Crawford’s truly ingenious theory feem
to poflefs but little weight., It is urged
by fome, that if breathing be the fource

of
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of animal heat, how can it happen that
the inhabitants of the northern climates
breathe no quicker than thofe of the fouth-
ern; and yet nearly the fame degree of
" animal heat is prefent in both? The rea-
fon appears obvious ; there is always exift-
ing in the atmofphere four or five times
- the quantity of pure air more than we
confume by one infpiration ; fo that thofe
in the colder climates, although they
breathe no quicker, nor take in a larger vo-
lume of air, yet they rob that air of more"
of its latent heat,

The cold atmofphere, bulk for bulk,
muft be fpecifically heavier than the warm,
and, weight for weight, the bulk will be
lefs ; fo that any given quantity, of air, in
proportion as it is diminifhed b;'v warmth,
muft decreafe in volume, and vice verfa.
Hence in a cold atmofphere, although the

E3z3 . volume
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volume of air taken in at each infpiration
be the fame, yet in that volume a greater
number of particles of air are received into
the lungs ; and it alfo feems probable, that,
weight for weight, this atmofphere fhould
contain more dephlogifticated air than the
warmer, fince it is gcherally allowed that
in proportion as its warmth is increafed, it
becomes a Dbetter menﬁruum for forexgn
matter of all kinds.

Dr. Crawford fuppofes that heat is given
out in the cépillaries only ; but there is rea-
fon to believe that heat is alfo evolved during
the whole of the circulation ; for in ampu-
~ tating alimb where the tourniquet has been

for fome time applied, the firft blood iffu-
ing from an artery affumes a venous colour ;
and Mr. Hunter found, from tying up the
¢‘&rot1d arteryof an animal,that the blood be-
"¢ame black ; from which it may be conclud-
: 2 gd
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ed that the blood is capable of undergoing
the fame procefs in the larger arteries as in -
the capillaries. In ordinary circulation how-
ever the change muft be lefs in degree,
from the circulation being here quicker,
and a greater quantity of vblood'be;mg in
conta& with fewer. fﬁlidso | "

- It feems alfo more than probable that the
blood ftill retains a quantity of heat in ala- |
tent form after it has paffed through the ca-
pillaries and entered the veins, for on tylng
up the arm in common bleeding, the
longer a ligature is applied, the darker the
blood becomes ; and at the conclufion of the
opératidn its colour aflumes nearly a flo-
rid hue, which corroborates the opinion *
that it may poffefs a confiderable portion of
latent heat, after it has entered the veins ;
and that this blood is capable of contihuing
the fame pro;cefs, fo long as it contains any
E 4 " heat
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; heat to evolve. In fever, the venous blood
is fometimes nearly florid, and Dr. Craw-
ford found that when animals were immerf-
ed in a warm medium, the blood paffed
through the capillariés without undergoing,
the ufual change; both which circumftan-
ces tend to prove, that the blood contains
more or lefs latent heat after it has entered .
the veins; indeed, were it otherwife, the .
lungs themfelves could not be fupplied with
heat equal to other parts of the body ; as the
bronchial veflels run chiefly to the bronchiz,
and thefe veflels are found to be infufficient
for the nourifhment of the lungs *. But the
. - circulation
® It has been obferved by Mr. Cline, whofe ac- |
curacy as an anatomift it were fuperfluous to affere,
that thofe inflammatory adhefions which obtain be-
tween the plqura coﬁalxs and the lungs, and which
have acquu’cd vafcularlty, are m)e&able by the pul-

tmnary artery. On the ground of this fa&t, he con-
ceives it probable, that the blood while cxrculatmg

in
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circulation in fifhes puts this matter out of
all doubt, for the heart of thefe animals is a
fingle one, confifting of one auricle and one
ventricle, both of which contra@ from the
ftimulus of black blood ; and as'the bl"ood in
 the coronary veffels is of the-fame quahty,
its heat and nourlfhmcnt ‘muft be kept up
by that blood only which- has pafled
- through the capillaries.

Hence it is obvious, that if this black
blood did not poflefs a quantity of latent
heat, the warmth of the heart could not -
be fupported, and the animal confequently
muft die: notwithftanding therefore that
the blood, when it pafles through the ca-
plllancs, evolves the greateft part of its
heat, yet there ftill remains a portion of it
in the uMimate branches of the phlmorfé.’ry artery,
lofes the venous chara@er, and aflumes the arterial
one ; and that in this ftate it is fijt for the _nourifhmcne
of the lungs.

3 . in
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in a latent ftate even after it has entered the
right fide of the heart: and however in-
confiderable this may be, yet if it is equal
to the demand, the temperature of the
whole animal muft be the fame. Witha 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
Sorid.

The contra&tions of the whole heart, at
this time were powerful, and Mr. Hunter’s
thermometer being raifed to ¢8> was intro-
duced through an opening in the pericar-
dium, and placed on the right fide; the

| mercury
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mercuryrofe to 9g° and then became ftation-

ary; it was removed to the left, and the tem~
pPerature was the fame; but on making an
aperture into the left auricle, and thrufting

the bulb down to the ventricle, the mercury
fell to ¢g7°; and on placing it in the fame

manner within the right ventricle, it rofe

above 98%. S

From frequent repetitions of this expe-
riment it uniformly refulted that although
the temperature of both fides of the heart
externally was equal; yet the heat of the
blood in the right fide exceeded that of the

left, from one to two degrees.

~This obfervation may appear rather
firange, and at firft feems to contradick the
opinion that refpiration is the fource of
animal heat ; but the fa& can be readily ex-
plained;; for the blood in its paffage through

-* the
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the lungs, being contained in veflels that are
in conta& with air fo much below its own
~ temperature, the colder body muft rob the
warmer of fo much fenfible heat as is ne-
ceflary to make them both equal ; and the
temperature of the left auricle and ventricle
Is kept up above that of its cdntents, and
~ equal to that of the right fide from the heat
evolved by the blood in the coronary veflels;
but if the fenfible heat of the blood in its
paflage through the lungs be diminifhed,

itg latent heat is confiderably increafed.

If however it be a fa&, that heat is im-
bibed from the air during the a of refpira-
tion, then fhould the blood in the left fide
-of the heart retain its heat longef than that
in the right, when the change has taken
‘place, though at firft its temperature be

fomewhat inferior.

To
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To eftablifh the fa& the following ekpe—

riment was made.

EXP'E‘RIMENT.

A Cat was frangled, the cheft immedi-
ately opened, and the lungs inflated, when
the blood in the left fide of the heart b}ecame
florid ; an aperture was made in the pericar-

_dium, and the mercury of a thermometer
‘being raifed to 99°, the temperature both of
the right and left fides of the heart was ex-
adtly 98 : on opening the left and introduc-
ing the thermometer, as in the laft experi-
ment it fell below 97°; but on examining

the right internally, it rofe to near 99°.

So far does this experiment agree with
offr laft; but the temperature of the blood
was re-examined fifteen minutes after, and
inftead of the right poflefling two degrees

' - of
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of heat more than the left, it was found, on

the contrary, that the right had four degrees
lefs than the left. '

This experiment has been repeated by
Mr. Aftley Cooper, and in different ways,
but the refult has been invariably the fame ;
that although the venous blood was fuperior
in temperature at firft, yet before coagula-
tion was complete, the arterial became
from three to fix degrees warmer ; .this, or
nothing, affords a clear and decifive proof,
that heat is received by the blood from
breathing ; for if that blood which has pal-
fed through the lungs, is at firft inferior
in temperature, and foon after becomes fu-
perior ; from what can this variation arife
but the heat received from the air in
a latent form, and evolved in a fenfible

one?

We
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We {carcely know of any animal, on
whofe blood the air does not induce fome
change, either dire@ly or indire@ly ; and
the great obje& of this change we deem to

+ be the fupport of animal heat ; and from the
maintenance of animal heat, that of animal/

rritability *.

There are animals which live in a tempe-
rature equal to that of their own ; and it has
been the opinion of {fome phyfiologifts that
in thefe inftances their heat is fupported
by the furrounding medium. If this be
ever the cafe, it probably is in afcarides,
and other. animals of the fame fpecies,
where :thé t@perature of their medium

‘fca_rcdy ever varies; but I fhould much

# The term irritability is very often employed in a
loofe and indefinite fenfe. We introduce it here to ex-
prefs nothing more than a fufieptibility of action.

, doubt
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doubt if this is the oeconorhjr»of any ani-
mal which is placed in an element fubje& to
alterati.ons of temperature. We find that na-
ture has very wxfely ordained, that animals
thould pfoﬂ"efs apower of retaining their tem-
perature. for -a time, whether they be ex—‘l
pofed to “excefs of heat or cold ; wh1ch~
in my mmd is a fatisfatory proof that their -
heat cannot be communicated by external
temperature ; indeed, if animals had not a
fource of heat within themfelves, and yet
placed in an element liable to varxatxon, life
could ﬂot be fuﬁalned »

It requires no great firength of argument
to prove that animal warmth is’in"ot produc-
ed by the ftomach. The fimple obferva-
tions that, in fevers, when our fenfible heat
is greater, we take in little or no food, and

- that fometimes for whole weeks ; and that
the
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the infant, as foon as refpiration commen~
ces, and before. the ftomach receivés@ny‘_
nourifhment, is not lefs warm than the
adult, are fufficiently convmcmg that the
ftomach is not to.be regardcd as the fource

'of ammal heat

¢

B 'i‘hat_;ne‘re _fdiﬁention is the ordingry fti-
mulus that ch‘i.tes 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, copftitutes the
principal power which ftimulates the heatt
to contract ; for this power of reafion,
when ﬁi‘etched beyond a certain tone,
feems a propcrty inherent in all mufcular
ﬁbres. S

‘Nor do we deny that the heart, when
void of blood, and feparated from the body,

F : retains
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retains this aCtion ; but this is not peculiar
“to the heart alone ; mufcles, whofe natural
actions depend ‘on’ the ftimulus of the
will, poffefs it likewife, though in an in-
ferior -degréé. .

That the different fides of the heart re-
quire different flimuli, and that there is
fomething peculiar in florid blood, which
alone is.capable of exciting the left fide to
adion, we cannot with Dr.Goodwyn admit.

An objetion prefents itfelf, that
ftrongly militates againft this opinion ;
which is this, Why fhould the fame fibres,
nourifhed by the fame veflels, fupplied with
nerves from the fame fource, and perform-
ing the fame function, be excited to altion
by different caufes? This objection the
Doétor is aware of, and attempts to remove it
by obferving that the animal machine of-

fers
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fers- inftances where mulfcles of {imilar
firuGture are put into action by different
ftimuli ; but this is not faying, that muf-
cles performing the fame furz’é'hfaﬁ:, a& from
diffimilar caufes; which it.is. neceffary
to prove before any analogyc!an',ﬁbe efta-
~ blifhed to favour this ‘hypotheﬁ\s;wfz

Tt is far therefore from being certain that -
the different fides of the heart derive their
a&ion from different ftimulis an let us but
examine the feetal ci‘rculatidn, and it will
appear that both fides of the heart contra&
from the flimulus of -blodd nearly of the
fame quality ; that this ‘blood is not florid
in either; for even in the umbilical vein

‘it has undergone but a very imperfe&t
change %“, if c'ompafed with that induced on
e the

* We take it for granted that the old opinion, of there
Fa exifting
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the blood which pafles throixgh the lungs
of the adult; moreover, that the greater
part of the feetal blood arrives at the heart
without paffing through the placenta at
_ each circulation ; that is, the blood in the.
heart, or any other part of the adult, will
receive a compleat change in the lungs, be-
fore it again returns to the fame place;
whereas, the whole of the blood in the fee-
tal heart will not go to the placenta, to re-
ceive the alteration at cach revolution ; but
by far the kmajor part will be fent to the
trunk; the head and extremities, and be re- .
turned to the two cavz, without héving

entered the umbilical arteries.

exifting an actual communication between the veffels
of the mother and child, is now exploded, as nu-.
‘meyous experiments - have been made to prove the
*cor.m'ary' ; and few at prefent adhere to that doc-

trine.

“

The
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- The blood in the umbilical arteries, is fi-
milar to that in the trunk of the pulmoﬁary_
artery of the adult circulation ; that is, itis |
impregnated with phlogivﬁon, and poflefles
little latent heat ; whereas that of the mo-
ther in the cells of the placenta is loaded
with heat, and has little phlogifion. In
the minute branches of the arteries the
change is performed; that is, onfy fo
much latent heat is imparted to the foetal,
and fo much phlogifton received by the
maternal blood, as is neceflary to reftore
the equilibrium of heat and phlogifton ; the
heat therefore which is received by the
feetal bloed will be fmall, in comparifon
with that imbibed by the blood of the
adult in the a& of refpiration ; as oy that
quantity of heat can be iﬁparted from the
maternal to the feetal blood, as can make
both their qualities with refpeét to heat and
phlogxﬁon equal.

Fi3 When
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" When the feetal blood has undergone
this change, it is returned by the umbili-
cal vein ; and part of it will pafs through
the ductus venofus into the inféz;ior cava,
and mix with the blood brought from the
lower :;eXtrkemiti‘é‘sg but a greater part will
pafs through the vena portarum to go to the
liver, where, by paﬂing through capilla-
ries, it muft affume the venous quality be-
fore it arrives at the rlght auricle ; it then
‘unites with the blood fent from the lower
extremities and trunk of the body in the in~
ferior cave, and on entering the right auri-
cle, it mixes with the ftream of blood com-
ing from the head and fuperior extremities,
none of which has been to the placenta to

receive the change

'The right auricle propels part of this blood
(which muft be dark) into the left, and
all
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all the blood that pafles through theicapilla-
ries in the lungs alfo enters the left, fo that
the blood which produces the contradtion
of the left fide of the feetal heart muft be
more phlogxﬁlcated than that of the nght
as part of the blood in the left auncle
has pafled through the lungs "

If the quanuty of blood conveycd!o the
placenta by the umbilical artenes, be com-
pared with that fent to the head_, fupes
rior and inferior extremities, and trunk,
it will be found that not one fifth part
of the blood goes to the placenta ‘at each’
revolﬁtion, nor can this blood receive
but ba f the beat the maternal blood con-
‘ taxns ;, moreover, as the- greater part of it
muft firtt pafs through capillaries before it
arrives at the heart; and as that which
‘does not ‘pafs through capillaries mixes
with venous blood, it is obvious that both

Fgq fides
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fides of the foetal heart contra@& from the
ftimulus of black blood, and that the blood
of the left fide muft be blacker than that of
the right. : ' :

 From the blood in the feetus receiving:
a degree of change. fo inconfiderable,
. when compared to that produced in the
adult by the fame procefs, a doubt might
at firft arife whether in both it was de-
ftined to accomplifh the fame end, the {fup-
port of animal heat, and from thence that of
animal irritability. That it is, will appear
even from fuperficial enquiry; and that
the feetal circulation, far from invalidating,
countenances the opinion which derives
animal warmth from the aé of refpiration,

The experiments of Dr. Crawford have
already enabled us to obferve that the quan-
tity of heat abforbed in breathing is propor-

tional
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tional to the temperature of the furround-
ing medium. The obfervation: 'h‘o'lds
equally good in the feetal circulation ; for
as the feetus is furrounded by the liquor
amnii and uterus of the mother, the quan-
 tity of heat carried off muft be extremely
fmall ; and that which is employed being

alfo ﬁ'iﬂing, there is no occafion for more”
| beinvg’ abforbed than is necéifary to fupply
the confymption of feetal heat ; and if the
whole of the feetal blood went to the pla-
centa at each revolution, the inevitable con~
fequence would be death ; for the power
of refifling heat muft then be called forth
to a&tion ; and this in the feetus is very

incon{iderable.

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;

3 - but
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but the foetus can only poflefs the latter, as
no evaporation can take place from the fur-
face of the body; and as the feetus is depriv-
ed 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 degbree of heat were abforbed in the
foetal, as in the adult circulation, the ani-
mal muft perifh ; fince the ac of refifting
heat for a few minutes is very dlf’creﬂing,
even where the additional power from per-
fpiration is prefent, to countera& its deftruc-
tive accumulation. Admirable therefore is
the provifion which nature has made, for
maintaining a proper degree of heat, both
in the foetus and adult; the former is plac-
ed in a warm medium of uniform tempera-
ture, which permits but little heat to be
confumed, and the circulation is fo regu-
lated as only to allow the” abforption of a
{mall and /mited quantity of heat; fo that

. . great
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great powers for refifting heat are here un-

neceflary.

But in the ‘adufi,“ the 'val;ying and
changeable temperature ~of the air ‘makes
it neceflary that more or lefs heat be
“abforbed, to correfpond with the Yarlation
to Whlch it is expofed We are therefore
nnmerfed in an atmofphere fupphed with
_fufficient heat to anfwer our demand ; and
by evaporation, &c. we are enabled torefift
heat, fo as to prevent its undue and de-
firu@ive accumulation ; on the other h;\ﬁd,‘
from the warmer medium which encom-
pafles the foetus, we may gather the reafon
why a fmaller portion of heat fhould be
imbibed, and from this being /Zmited, why
it ftands in no need of evaporation for the

generation of cold.

Were
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Were the change induced on the blood
during circulation intended folely as a flimu-
lus to fupport the action of the left fide of the
beart, then fhould the alteration produced
in the feetus be equal in degree to that pro- |
duced in the adult ; but that this is not the
fa we have already, and we hope not un-
fuccefsfully, endeavoured to prove ; and in-
deed if this was the intention of nature,
itis highlyimprobable the would have {focon-
trived it that the connefion between thé
mother and child fhould take place at the
umbilicus, where a great part of the blood
which has been at the placenta, muft firft
' have paﬁ‘ed\fhrough capillaries before it en-
ters the left auricle, and where its purity
in the right fide of the heart would be fu-
perior to that in the left. We might foon-
er fuppofe that the umbilical vein would
have terminated in or near the left auricle,
to fupply it with blood thus duly altered,

‘ than
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than that the blood contained in the 7f*
ide of the beart, thould be fimilar in quality
to that in the umbilical arteries which goes
to receive the alteration ; for, in-this cir-.
- cumftance, the vein contains blood that has
undergone the change, but the arteries car-

ry blood that is going to receive it.

If therefore the left fide of the foetal heart
and the whole of the arterial fyftem poffefs
no ftimulus but that of black bloodv; if the
pulmonary artery in the adult be excited
only by this blood ; if, in a word, the heart
of fithes act 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 left
Side of the beart and arterial fyftem, and con~
fgquently that the two fides of the heart do
not require to be flimulated by diffimilar
caufes ?

From
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From confidering that one fide of the
heart in the adult circulation 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 {upports the action of the right fide,
was an unfit ftimulus to keep up the ac-
tion of the left.

The obfervations however we have ven-
tured in fupport of the idea, that the
whole of the heart owes its acion to
one and the fame caufe, oblige. us to
withhold our affent from that of Dr.
Goodwyn; but before we attempt an ex-
planation of the caufe which protrats the
a&tion of the right fide of the heart be-
yond that of the left, we deem it neceflary

to inftitute a previous inveftigation of the
effeéts
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effe@ts produced on the heart- by blood
that has been duly changed, and next en-

quire into the confequences that muft enfue

-when no alteration has been given.

We have already obferved that when
‘the blood arrives at. the right fide of the
heart, it is impregnated with phlogifton ;

and deprived of the greatér part of its la-
tent heat; in health it is to part with its
phlogifton or inflammable principle "in the
lungs, and there alfo receive a.freth fup-
ply of heat; it is then propelled into the
left fide of the heart, and thence through
the whole of the circulating fyftem, to
evolve and diftribute heat, and receive
phlogifton.

In confequence of this procefs, the left
fide of the heart and coronary veflels are
fupplied with blood, which diftributes
V heat
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heat and nourifhment 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 hcoronary
veflels; but if the motion of the circulat-'
ing 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 prov-
ed, that if blood be delayed in the larger ar-.
teries, it is known to aflume the fame
change and appearances as when it has paf-
fed through capillaries. The blood within
the coronary veflels not only fupplies the
left fide of the heart with heat, but alfo the
right; and if the heart derived heat folely
from the blood within its cavities, their
temperature in health would be equal ; for
although the blood. in the left ide of the
heart, might contain 60 degrees of latent

heat,
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when the right poflefled but fix § yet if the
fenfible heat evolved be only equal to two,
their temperatures muft be the fame.

~ The refult of -iﬁulti’plied ‘experiments
authorizes the affertion, that immediately
after the action of the left fide of the heart
is increafed by florid blood, the right alfo
becomes equally affeted ; nor is this effed
an unnatural or unexpefted confequence ;
for as the coronary veflels foon receive this
blood, and as thefe veflels are going to both
fides of the heart, the heat and irritability of
both muft be equally fupported.

The great and natural fimulating
power that keeps up the affion of the
heart, we have already fuppofed to be di-
ftention ; but this muft ceafe to a& as a
ftimulus whenever the blood becomes ine
capable of fuppbrting the irritability of the

G " heart,
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heart, by imparting to it its wonted and
neceflary degree of heat.. To effe& this
the blood muft part with its inflammable
_principle in the lungs, and in return im-
bibe from the air a frefh fupply of latent
héat, | R

Dr. Cullen imagined, that the heart’s
continuing to at 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
" fhould not this influence of habit extend
" equally to arteries? Inﬂating the lungs
foon after refpiration has ceafed, generally
increafes the action of the heart, even
from the firft expanfion; and it feems to
arife from the mechanical ftimulus, which
the lungs apply to the heart by diftention ;
as m proportion to the expanfion their fur-

face
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face will prefs upon the two fides of the

lieart, and thus become an irritator.

If inflation however be deferred for a con-
fiderable time, the fame effe@ will not fol-
low ; as this d'egrce. of irritabilit’y is feldom
p‘e’rménent; and diftention of the lungs
foon céafgs to be an adequate ftimylus § but
by making repeated infpirations to one -
compleat expiration, the ir‘ritaBility of the
heart is foon revived, and an action pto-
duced by each inflation. This depends on
the procefs of circulation being duly carried
on, and the rneceflary ftimulus imparted
from the air to the blood, which increafed
the living powers of the heart, and rendered
it fufceptible of irritation from fo flight an
external caufe, as the mechanical a&ion of

the lungs.

. 'To this opinion, of the action of the heart
' G 2 . proceeding
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proceeding from mechanical ftimuli, Dr.

Goodwyn oppofes this inference : Ifit were

{o, fays the Dodtor, any aerial fluid would
"be then equally effe¢tual. But this is rather
unfair reafoning ; for it is agreed on all

fides, that a change in the blood is necef-

fary to the life, and uninterrupted ation
‘of the heart : and although the introdution
~ of noxious air may prove as great a ftimu-
lus to the furface of the heart as any other,

yet if the blood ceafesto receive the change

when the heart alls, the irritability‘of this

‘organ muft gradually diminith, as 'the
blood continues to evolve its heat, without

receiving the ufual fupply ; and what be~

fore was fufficient to irritate the furface of
the heart, no longer poflefles that power,,

It is true, the heart will a& on introducing,

any air into the lungs for one or two infpi~

rations; if the experiment be made imme-

diately after breathing.is fufpended ; and

this
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this is a circumftance that co_rrbbbra_tés the
opinion of this aGtion ariﬁng‘from mecha-
nical fimuli. That it is not to be afcribed
to any change immediat_ely induced on the
blood already in the lft auricle is obvious;
for the rightﬁde of the heart muft be ex-
cited to adtion before the left can receive
blood that has undergone the change; as
no alteration can be given to the blood con-

tained in the auricle.

Dr. Goodwyn is of a contrary opinion ;
for he obferyes, “ that the contra&ions of
~ “ the left auricle and ventricle are imme-
- ¢ diately effeCted by the quality of the
* blood paffing into them.”

-

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

G 3 - auricle,
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auricle, if the commﬁnication be cut off
from the right fide of the heart: and it
muit be manifeft, that if the blbod already
in the left auricle could receive an immedi-
ate change, from the air in the vlungs,' the
,iight, which isequally in contadt with them,

fhould alfo receive it.

This opinion we are therefore difpofed
to regard rather as one of the many off-
fprings of the author’s fruitful ingenuity,
advanced to fupport a favourite hypothefis,
than to evince the genuine ditates of his

judgment and conviction. -

That the right fide of the heart conti-.
nues to ad, after the left has ceafed, is a
phenomenon that has been noticed by al-
mcft every phyfiologift ; but few, if }vany,
have attefnp”fédto’ unfoldits caufe. Indeed Dr.

o Goodwyn
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Goodwyn appears to be the orﬂy one who

has ferioufly endeavoured to explain its ra- |
tionale, and attempt its illuftration; and
though there is no authority to which we .
would more gladly refer, yet we cannot

here adopt his opinion, that the lft au- )
ricle and ventricle, firft ceafe ta aél, from the
ineptitude of venous blood to excite their con-
traction ; and that this is the immediate caufe

that fufpends circulation in drowning, &Ge.

Butin orderto explore thetruecaufe of this
phenomenon, let us once more recolle&
that the blood, when it arrives at the right
{ide of the heart, has loft the greater part
of its latent heat; that in health it receives
this fupply in the lungs; but that iz fuf
pended refpiration, the blood paffes through
the minute ramifications of the pulmo-
nary artery into the pulmonary véir;s,
without recéiving this neceflary quality,

G4 ‘an;l,
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and inftead of difcharging phlogiften, and
abforbing heat, that it will continue to
evalve its beat, and raceive 3 new increafe of
phlogifton.

- An effential difference thus takes place
between the blood of the two fides of the
heart ; the right contains a fluid that ﬁill
poffefles latent heat; but the left has little
or none; and as the blood in the one is fur~
nithed with more heat to evolve than the
other, its irritability of courfe muft be
greater ; and the ftimulus of diftention is
alfo predominant at the right fide, which
will confequently fupport the action of the
one, when no effe& is produced on the

- 'That in ordinary circulation, both fides
of the heart might derive their heat princi-
@p;a}lysftom,thc‘ blood in the corenary vel-
Fonger fels,

N
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fels, has already been remarked; but as
this blood in {ufpended breathing contains
little or no latent heat, from having evolved
it in the lungs, the heart muft in that cafe
imbibe -its heat from the blood contained
~within the cavities ; and that this procefs
can be carried on in them we have already
~ fhewn, fo long atleaft as their blood pof-
feffes latent heat to give out, and while
the circulation is retarded or totally ftopt.
From which we conclude, that zf zbe
right fide of the heart in this difeafe pof~
Seffed the blood of the left, and the left the
blood of the right, the difference of 2rrztaézlzzjy ‘
would be rewrﬁd ‘

If howe_ver, we have fucceeded in efta-
blithing as facks, that when the blood ar-
rives at the right fide of the heart it flill
contains a portion of heat in a latent ftate;
that thxs blood in fgfpendcd breathing con-

| Yinues -
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tinues to evolve heat in a fenfible form ; that
the inferior degree of irritability in the left
{ide depends on the eflential difference in the
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 paflage
through the capillaries of the l;mgs ; i, I
fay, thefe factscan be eftablifhed, then the
temperature both of the right fide of the
heart, and its contents, thould be greater
than that of the left in this difeafe.

+ The refult of the two laft experiments
we have mentioned, allowed us to con-
clude, that both fides of the heart ekternally
dre of the fame temperature when the blood
has received its due change from the air,
though the tex‘npérature of this blood thus
altered is inferior to that of venous; and

3 o though
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though the blood of the left fide be-

~ at firft lower in degree of warmth, yet its

heat foon after becomes predominant.

The next experiment was made, to afcer-
tain the temperature of the two fides of the
heart, and their contents; where no

change had been given to the blood.

ExPERIMENT.

A Rabbit was ftrangled, and the cheft
being opened, a fmall aperture was made
. in the pericardium, and a thermometer of
Fahrenheit’s  fcale was applied to the
right fide of the heart. The mercury rofe
to 96°, where it remained ftationary: it was
then rgmoved to the left, where it fell to
94" A‘On'placing it within the right au-
ricle, the mercury again rofe to 96° and
when abplied in the fame manner within

the left, it fell fomewhat below g4° ,
This
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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 {carcely any difference in the tempera-
ture of the two fides at firft; but in all, the
femperature both of the heart and its con-
tents was predominant in the right, before
the left fide had entirely ceafed to ad.
It appears therefore very evident, that the
blood which pafles through the lungs into
the left fide of the heart, without receiving
from the air the neceflary change, inftead
of being more tenacious of its heat than the
right, on the contrary, lofes it much f{ooner,

Thus we fee the refult of experiment
fanction and juftify the predi@ions of the-
ory, that when blood pafles from the right
fide of the heart to the left, without havixig‘
‘been in conta& with dephlogifticated air, ta
e renovate
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renovate its heat, it muft evolve in its paffage
‘through the capillaries of the lungs what
little itk contained in a latent ftate; and the-
left fide being no longer fupplied with its
" due nourifhment and wafmth, either from
the blood in the coronary veflels, or from
that contained in itsAlbwn cavities, muft
~ have its temperature reduced, its irritability
decreafed, and its action gradually fuf-
pended, by the diminution of its fimulus
of diftention.

But far different is the condition of the
right fide; for although the blood in the
eoronary veffels is incapable of fupplying it
with heat, yet the blood within its own
cavities contains a quantity in a latent
fomi, which it continues to evolve ; thus

is its irritability fupported, and thus, by
continued diftention, is its adion kept
alive,

Dr.
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Dr. Goodwyn having- obferivéd ‘that in
this difeafe all the cavities of the heart con=
tain black blood, was induced to conclude
that its other qualitiés were exactly fimilar ;
but had it been confidered that in thefe cir-
cumfiances the blood, in its paflage through
the lungs, fuffers a deprivation of its re-
maining heat, without the acceflion of a
new fupply, the caufe whence originates
the difference of irritability in the two
fides of the heart would have no longer re«
mained obfcure, nor would the Do&or, to
explain the phoenomenon, have been re-
duced to the fuppofition that the fame
mufcular fibres were excited to afion by
different caufes, and that the blood of the
fame quality that ftimulated the right fide
to contract, was incapable of producing the
fame effe@ on the left, but this difference
would have been difcovered to arife from
the left having loft a greater portion of its

heat,
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heat, and its ftimulus of diftention being
diminifhed beyond that of the right. .- =~

The advantages derived from this pro-
perty of the r;xght fide of the heart, which
fupports its action after that of the left is
fufpended, feem to have efcaped the notice
and eluded the refearch of phyfiologifts,
yet no provifion of nature more defervedly
claims our admiration and enquiry ; for in
no department of the animal ceconomy has
the managed a wifer precaution for the pre-
fervation of life, than by thus, after the laft
expiration of the animal, prolonging to the
right fide of the heart a ftimulus and power
of ation fuperior to that of the left.

Let us but fuppofe the reverfe, that the
left had the irritability of the right, and the
right the irritability of the left; as it is found
neceflary to the effe@ing a recovery, that

the



( 80 )

the right fhould firft contra&, and fupply
the left with blood, in order to- excite it to
a&ion§ and as the right, in this fuppofition,
would foon be incépable of performing this
fun@ion, we fhould only be enabled to
recover thofe in whom the aions of life
had been fufpended only a very fhort time
after refpiration had ceafed§ .whereas', from
the right continuing to comtraét after the
left is motionlefs, it is thus capable of pro-
’peﬂing blood through the lungs into the
left auricle, which being once reftored by
the arrival of duly prepared blood (even
though it fhould have ceafed to a& from -
the ftimulus of its own) is enabled, by the
frefh fupply of this ftimulating quality, to
revive, and the a&ion of the whole heart is
encreafed ; but if the irritability of the left
fide were at firft predominant, it would get -
rid of its own blood,. and the feeble action

of
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of the rngz‘  fide be mcapable of fupplymg it

with more.

Thus, at the very origin of the circulax
tion, where the fréfh ﬁimuilus is laft applied,
Nature, ever wife in her operations, has
prudently placed a fuperior degree of irri-
tability, while in the left, where the irrita-
bility is inferior, the increafe of ftimulus is
firft received : nor will this be deemed the
refult of chance, if we but recall an obfer-
vation we have already mentioned, that in-
the foetal circulation, the ftimulating quality
of the blood is,.greater in the right fide of
the heart than that in the left, and that in

the adult it is reverfed.

But although the blood, in thefe ‘twa
-ﬁatles'of the animal, poflefs this difference
of ftimulps in the;diﬂ'ex;ent_ fides of the
heart, yet, if an injury threaten the life

H either
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eithet of the foetus or the adult, the right
fide of the heart will be found to contain
blood of a ftimulating qliality fuperior to
that of the left, and confequently greater
irritability ; for let us fuppofe that, at 'thél
time of birth, the umbilical chord is pre-
vented from carrying on the circulation to-
and from the placenta, the blood that runs
to the left heart, from its being obliged pre-
vioufly to pafs through the capillaries of the
lungs, is deprived of a portion of its ftimu-
lus: and thus, in the morbid ftate, is the
fame provifion made for the foetus as for
the adult, though their natural circulation

be widely different.

There is reafon to fufpect that in man
there does not exift fo much irritability as
in animals of more fimple conftruion;
for it feems that in the more perfe&t or
complicated, as man, whofe fentient powers

arc
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are greatelt, the vital are leaft; and we
believe this will hold good in gradation
with all the inferior animals, that, in pro-
portion as the fentient powers abound, the

-vital diminith, and vice ver/a

. This is firikingly exemplified in the
.polypus, which has. been obferved to.
regenerate into as many different polypi
.as divided into pieces;.and thefe ani-
_mals have neither brain nor fpinal mar-

row.

It appears therefore not improbable to be
the intention of the great Creator, that
thofe animals, whofe powérs for perceiving
~danger are lefs acute, fhould be capable of
receiving greater injuries without the de-
ftru&ion of life, than thofe that are armed
.with this faculty in a fuperior degree.

H2 All
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All impreflions made upon fuperior ani-
mals are immediately conveyed to the brain,
and this being the great fenforium, the
whole animal receives the alarm, and an
immediate effort is made to remove the
* caufe of the injury. But inferior animals,
that are unprovided with nerves and brain,
that are confequently deftitute of {enfation,
and whofe powers of inftin& are but feeble,
Nature, we find, to compenfate for this
want of fenfation, has enabled them to
withftand injuries to a greater degree -than
thofe that are furnifhed both with brain and
nerves. Animals alfo that are endowed:
-with fuperior fagacity, poflefs but a {mall
»dégree of irritability ; and it feems ‘to be
juftly remarked, that the irritability of ani-
-mals decreafes as they advance in age.
“This was certainly intended for the fame
_excellent purpofe, that‘of fupplying the de-
fe& of fagacity while young; but when the

fentient
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{entient powers- became adequate to -the
neceflity, this exquifite irritability, which
was fo wifely beftowed on them while

young, is no longer required. . -

- In different fpecies of animals, we have.
fometimes obferved that after refpiration is
fufpended, from drowning, &c. &ec. {carce
any a&tion remained in the right fide of the
heart ; but in'feveral experiments, particu-
larly in one, the caufe of this pheenomenon
we difcovered to arife from an over diften-
tion of the right auricle and ventricle ; for
when a {mall pun&ture was made in the
{uperior cava, and a portion of the blood
contained in the right heart expelled, its

contrattion became extremely powerful.

Here then was indire& debility brought
on ‘from over diftention ; and there is rea-
fon to fufpe@ that this may frequently

| H 3 happen
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happen from the method of recovery
ufually adopted. ' g

There remains a fufceptibility of action
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 deftruétion, begin to die
firft at the extreme and exterior parts ; fo,
in fdfpendcd refpiration, from drowning,&c.
we find the irritability of the heart outlives
that of any other part of the body. One
exception indeed has occurred, where the
heart and extremities ceafed to act nearly

at the fame time,

From confidering the length of time the
heart may be made to contra& after breath-
ing has ceafed, there can fcarce be any

" doubt, if ele@ricity be unable to excite it to
adtion, but that life is irrecoverably loft;

for,



( 87 )

for, with Mr. Hunter, we imagine life and_
the deer of attion to be intimately con-
ne&ed. If therefore we are incapable of
calling forth this power into ation, by the
flimulus of ele&ricity applied to the heart,
there does‘ not remain the moft diftant pro-
bability that the effe¢t can be produced by
the application of any other ftimulus,

In our attempts, however, to reftore the
life of the apparently dead, we are furnithed
with no criterion for determining when this
power of adtion is thoroughly extinét ; for
the exterior parts may have loft this deg;"ee
of irritability, and the heart flill retain it.
In fome inftances, the heart of young ani-l
mals has been made to a&t by ele@ricity
from. ten to fourteen hours; and a gentle-
man, on whofe veracity I can rely, has in-
formed me he has feen it contralt even
_twenty hours after refpiration was ftopped,
H 4 and
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and which is many hours”longer than we

have been able to excite action in any ex-

ternal part.

It hasbeen obferved by Mr. Kite, « that
%¢ the elerical fhock is to be admitted as
“ the teft or diferiminating chara@eriftic of
% any remains of animal life, and fo long as
¢ that produces altion, may the perfon be
“ faid to be in a recoverable ftate’; but when
“ that effet has ceafed, there can no doubt
“ remain of the party being abfolutely and
e poﬁtlvely dead.”

With the deference due to Mr. Kltes
authority, we cannot but withhold our af-
fent from this opinion, fince it appeats to -

“be fraught with fuch itminent danger; for
if we conclude that life is departed when no

¢ external a@ion can be éxcited by eledricity,

- we fhall frequently negle@ the application

PR ’ : . Of
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of remedies, when the power of a&tion an
life are ftill prefent in the heart.

There have been cafes, and I myfelf
have feen one, where no recovery was
effe¢ted, even when contractions were pro-
duced externally ; but the want of fuccefs in
this inftance is not to be attributed to the
weaker powers of the heart, but to the
infufficiency of the plan of treatment ; for
it is probable that a recovery is not only to
be effe@ted in moft inftances where external
contra&tions are vifible, butin many where
this degree of irritability is deftroyed, if
proper remedies are had recourfe to. It ap-
pears fomewhat extraordinary that Mr. Kite

thould have recommended fo dangerous a
prognoftic (built merely on hypothefis) as
that life was abfent when external irritabi-
lity was not manifefted by ele@ricity ; for
it is obferved in the fame fection, * that
‘ 3 '« jrritability
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¢ irritability and vital heat appear to be co-
¢ equal :” which opinion is j'irylcompatible;
with the other ; for if heat and irritability
co-operate, then, as external heat diminifhes
quicker than internal, it muft follow, ac~
cording to the author’s own reafoning, that
external irritability muft fooner ceafe than
internal; and, as internal excitement may
not produce external action, the conclufion
~ that life is extin®, when irritability is no
longer vifible from ele&ricity, muft be fal-

lacious.

We were at firft inclined to the opinion
that irritability and animal heat might co-
exift; that, from the latter being prefent or
abfent to a certain but unknown degree,
we might be able to draw a prognoftic of
the brefence or extinttion of the other;
but fubfequent obfervations“‘ difcovcred this
vfheory of Mr. Kite’s to be likewife erro-

2 . . 1IE0UsS ;
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neous; for, as there are few whofe folids
are not very diﬂ',erently excited to ation by
the fame caufe, fo the quantity of heat
evolved from the blood, that would. fup-
port irritability in the ope, would produce

no effe& on the other,

This opinion is confirmed by the follow-

ing experiments:

ExXPERIMENT.

A fmall Puppy was drowned, and on ex-
amining the temperature of the two fides of
the heart in the pericardium, the right was
98% the left g6°. The right fide of the
heart' continued. to a& for more than two
hours ; and during the laft ten minutes, its
temperature was 60°, that of the left 57°‘;
the warmth of the air in the room §5°.

ExvE-
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ExPperiMENT.

A full-grown Dog was hanged, the peri-
cardium opened, and the temperature of
the right fide of the heart was 100°, the left
99°. 'The right continued to a& not quite’
ten minutes, ‘when its warmth was 9o°, that
of the left 87° and one-half: the tempera-

ture of the room was alfo 55°.

Here then adion continued in the one
more thap twelve times longer: than in
the other, though with a degree of heat
much inferior. 'We here alfo had a farther
- opportunity of being convinced that heat
and irritability do not always co-exift, from
the bodies of two perfons that had been
executed, A powerful ele@rical fhock was
given, without progl;_;lc;ing the {malleft ex-
ternal aftion, although three hours after

o execution
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‘execution 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, as
Mr. Kite imagines, from the prefence of
fome  internal animating principle ;” for
the longer or thorter continuance of fenfible
heat of any animal muft always be pro-
portionate to the quantity of latent heat the
blood contains, and the temperature of the
furrounding medium ; whereas the diffe-
rence of irritability much more c{epends on
the readinefs with which the folids a&
“when this ftimulus is applied, than on the
quantity of heat that is evolved.

Why the fibres of one animal of the fame
{pecies thould more readily a& than thofe
of another, from the fame caufe; and how

we
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we are to difcover the different degrees of
this fufceptibility of action in each particu-
lar animal, is a queftion not lefs important,
than intricate to unravel. As we have en-
deavoured to prove that beat and irritability
do not neceflarily co-exift, this may at
firt feem to militate againft the opinion of
heat being eflential to the fupport of irrita-
bility ; but in reality it does not, for altho
the fibres of one animal fhalt a& with its
temperature at 60°, the fibres of another
thall ceafe with its temperature at go°: yet
this only proves that the {olids of the one a&
from a flighter caufe than thofe of the other,
and not that the ftimulus of heat is wanting.
A certain quantity of inebriating liquer
thall produce violent effe&ts on one perfen,
when a much greater quantity fhall have

no effe upon another.

~ The
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The fame reafoning holds good in thefe
experiments ; for although the heat of one
animal may exceed that of another, and
where the inferior degree of heat is prefent,
the greater effe@ be produced ; yet the /i~
mulus in quality is the fame, and the diffe-
rence of a&ion depends on the moving
powers of the one being more readily
‘excited to ac than thofe of the other.
Neverthelefs, though no decifive progtioﬁic
can be drawn of the prefence of srritabilsty,
from the prefence of eny known degree of
beat, yet the nearer the degree of heat of
any particular animal approaches to its {tan-
dard, the greater muft be its irritability ;
but it will ever be better to fix no criterion,
of life, and make ufe of every poflible
means of recovery, in every inftance, than
to form a hazardous prognoftic, that may

prove fatal to hundreds.

Having
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Having now examined the common of-
feQts that arife from the fufpenfion of re-
{piration in Drowning, Hanging, and
Suffocation, and particularized the advan-
tages derived from the Heart and Lungs,
we fhall, in the next Se&ion, endeavour to

afcertain the smmediate caufe of the difeafe.

SECTION



SECTION V.

An attempt to afcertain the proximate caufe
of the difeafe produced by Submerjfion,

Strangulation, and Suffocation. .
TO .inveﬁigate and eftablith the proxi-
mate caufe of the difeafe arifing in fufpend-
ed refpiration from drowning, hanging,
&ec. is a tafk that has engrofled the atten-
tion, and exercifed the pens of feveral
eminent phyfiologifts; but there has been
little coincidence of opinion, each {eeming
to have flarted, and embraced an hypo-

thefis of his own.

It has been the idea of fome, that the
air contained in the lungs becomes hlghly
phlogifticated, and that from its deleterious

I influence,
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influence, originates the difeafe. Others
attribute it to a’ congeftion of blood formed
in the heart and lungs, while another clafs

fuppofe death to be produced by apo-
© plexy.

To none of thefe opinions does Dr.
Goodwyn'incline ; to him it appears that
" from the privation of the ufual ftimulus
fupplied by the air, the blood contained in
the left auricle and ventricle is rendered in-
capable of exciting their contraction; and
hence he derives the immediate caufe of the
Jufpended circulation.

From an authority we fo highly re-
fpe&, it is with difidence we diflent;
but argument, obfervation, and experi-
ment all tend to prove this opinion er-

‘Toncous.

3 . ' If
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If the prefence of black blood in the left

heart was the proximate caufe of circulation
ceafing, then we fhould certainly find it
fully difiended from the altion of the right,
but we have endeavoured to prove that
this is by no means the fac; and indeed,
if the left auricle and ventricle were jfully
diffended, and it were neceffary for the
reftoration of life that the blood ‘alread)‘
contained in the left auricle fhould undergo
a change, before it was enabled to empty
itfelf, then every animal would be irre-
coverable as foon as this black blood had
once diftended the auricle; for we can _ai)—
peal to the teft of experiment to prove,
that no alteration can be produced on the
quality of the blood contained in the
trunks of the pulmonary veins and left

auricle.
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- To afcertain if any fuch change could
be effected, the following experiment was

~made.

ExPERIMENT.

A Dog was fufpended by the neck until
he ceafed to move ; on opening the cheft,
both fides of the heart were obferved to cbn—
tra&t ; but the left ceafed in eight minutes,
while the right continued to a& ftrongly.
The pulmonary artery being carefully fe-
parated from the aorta, and fecured by liga-
ture, we proceeded to inflation, which was
continued fifteen fninutes, without enabling
us to empty the trunks of the pulmonary
veins and left auricle, or produce any appa-

rent alteration on the quality of the blood.

This experiment was repeated on a cat,
during the a&ion of the left fide of the
heart, which became lefs diftended, but

no
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no alteration in the colour of its blood
could be produqed. The change therefore
~ which the blood undergoes in its paflage:
through the lungs, is effe¢ted before it en-
ters the frunks of the pulmonary veins and
left auricle, and as the air cannot come in
conta& with zbis blood to produce any
chymical alteration, it muft be propelled
through the fyftem 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 au-
ricle are here underftood to be fu/; and as
2his blood can receive no chemical change,
the left auricle muft a& on its black blood,
and receive 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  pre«
- pared by the air. 'We were, at firft induced
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to believe that the collapfe of the lungs -
~ after inflation, might have the power to -
empty the left auricle mechanically, by
propelling the contents of the pulmo-
nary veins onward, and by the pref~
fure thus applied from without, to the
blood within the auricle, to ftimulate its
mufcular fibres to rea®, and fo expel a
portion of its contents. But there feems
an obje&ioh to this mode of reafoning;
for if the lungs by their collapfe had any
fuch power, they muft have exerted it at
the laft expiration, and then thofe veflels
which are affe¢ted by this a&ion would be
fo far emptied as to require a freth fupply
of blocd from the right fide of the heart,
before the lungs could by their collapfe,
have any mechanical effeét on their con-
tents; and the next experiment proves,
that after refpiration is fufpended,. very
little blood is left within the lungs,

o Ex?E-
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" ExPERIMENT.

A Cat was drowned, and when all mo-
tion had ceafed, we opened the cheft and
fecured the pulmonary artery. A f{mall.
ligature was then pafled round the trunks,
of the pulmonary veins, as they enter the
left auricle, and both auricle and ventricle
were then opened; the blood being all
taken up by a fponge, the trunks of the
pulmonary - veins were divided, and on
prefling the lungs very little blood efcaped,
except that contained in the trunks. The
repetition of this experiment afforded the
fame refujt. 'We muft therefore look elfe~
where for reafons to account for the action
of the left auricle in recovery, as ex
periment proves that by inflation we can .
produce no chymical change within the
trunks and auricle, nor by the mechanical

I4 - adtion
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a&tion of the lungs empty the trunks, if
the communication be cut off from the
right fide of the heart; as this, I fay,
cannot be effeCted, it would feem that
when the right fide of the heart a&s during
inflation, there is a quantity of blood fent
within the lungs; and this contraftion,
affited by an artificial collapfe ®* of the
lungs, propels a portion of the contents
of the pulmonary veins onward, and thus
produces fuch a vis-a-tergo on the blood
within the auricle, as to excite it to con-
~trat. It has been before obferved that
the right fide of the heart iz bealth per-
forms (thiks fun&ion independent of any

mechanical a&ion of the lungs, and it is

* By artificial collapfe we mean emptying the
]pngs of the greater part of their air, which will
comprefs and evacuate the pulmonary veffels; but
‘g:ollapfc' from an ordinary expiration has no- fuch
phedt, - Lo

likewife
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likewife capable of doing it for fome mi-
nutes after refpiration is fufpended; but
where the contraCtion of this organ is in-
fufficient to propel blood through the lungs,
producing an arttficial collapfe will have
the fame effet. This however can only
happen where a frefh fupply of blood
has been produced by the contra&tion of
the right fide of the heart; for experiment
demonftrated that the quantity of blood
remaining in the lungs was toe fmall to
enable their mechanical a&ion to have

any effect on their contents.

It has been mentioned by Haller and
other able Rhyfiologifts, that where the
lungs are collapfed, an obftru&ion to the
paffage of the blood through them will be
the confequence ; but they have not proved
that the lungs are in fuch a flate of col/ap]é
* in Drowning, Hanging and Suffocation.

We
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We have endeavoured to thew that Dr.
Goodwyn’s experiments to determine this
point were obje&ionable, and our enqui-
ries prefented refults very oppofite to his,
that inftead of the lungs being diftended
that they were collapfed; and contained
but very little air. In order, however,
to prove that zbis degree of collapfe was fuf-
ficient to produce a mechanical obftruGion
in the lungs in Hanging, Drowning, &c.
we compared the quantities of blood in
the different {ides of the heart, where the

collapfe was removed to that where the col-
lapfe exifted.

~ The experiments were conducted in the

following manner.

Expr-
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EXPERIMENT.

A Nog was fufpended by the neck, and
in lefs than a minute the feces and urine
were difcharged ; his ftruggles continued
for little more than three minutes, when he
ceafed to move ; the trachea was then laid
bare, and divided, and the lungs fully
diftended with warm water (about blood-
heat) through the medium of a funnel ; the
trachea being fecured fo as to permit no
water to efcape, the cheft was opened, and,
contrary to all expériments made before,
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 coa-
gulated, and the whole quite black. The ,
experiment was repeated, and yielded nearly
the fame refult, with this variation, that

the
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the right {ide of the heart had a little more

blood than before, but the left was agaifx
fully diftended.

It then appeared evident, that if by an
artificial diftention of the lungs only, with-
out the admiffion of air to produce any
chymical change on the blood, the right
fide of the heart was capable of diftending
theﬁleft, and of expelling a part of its own
contents, . that in fufpended refpiration
there exifts fuch @ meckanical 0bftruction in
the * interior pulmonary velfels from ca'//apﬁ‘ ,
of the lungs, as prevents the right fide of

the heart from getting rid of its contents.

* By interior pulmonary‘ veflels is meant thofe
that ramify within the lungs, and are influenced by
the air; and by the trunks we mean thofc veflels that
arife from the auricle, and are attached to the furface

of the lungs,

2 The
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The experiment was therefore repeated

with fome alteration.

ExpErIiIMENT.

A Cat was droWnéd, and after the cefla-
tion of all fruggles, an aperture was
made in the trachea, and the lungs
diftended with air which was retained.
On opening the heart we found the con-
tents of the left fide were to that of the

right as five to four.

EXPERIMENT.

A Dog was drowned; when he ceafed
to move, cold water was introduced into
the l;lngs. On examining the heart we:
found the proportions of -the blood in the

left were to that in the right as fix to

*®

Thefe

five.
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Thefe experiments were repeated, and
fometimes the proportions were as fix are
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 irritébility was pre-

fent, the proportions were as two to one.

It may be urged by {fome as an objec-
tiof to the above experiments, that water
may a& as a ftimulus to the pulmonary
veflels, fo as to excite them to act ; but it

~ has been obferved, that there remains very
little blood within the lungs after the laft
expiration ; and if water acted on them as
"a ftimulus, it could net however produce
any effe@ on the trunk of the pulmonary
artery, right auricle and ventr'iclc, ‘which
we find in part emptied.
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We have obferved that animals under
‘the common method of fufpenfion, retain
the power of expelling air from the lungs ;
but it was found not unpoﬁible fo com-
pleatly to comprefs the trachea, as to pre-
vent any air from efcaping: with this

view the following experiment was tried.

’

ExXPERIMENT.

The trachea of a Kitten was laid bare,
and a ligature pafled round it, that the
whole of the air might be confined within
th; lungs. The animal ceafed to tnoxfc
“in four minutes and a half; and on opegi- ;
.ing the heart we found the propbrtions '
“of blood in the left fide, were to that of
the right as nine to feven.

The
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The fame experiment was repeated on
a Rabbit, and the proportions were as

eight to feven.

In thefe éxperiments therefore, where
- the mulcles of expiration had not fufh-
~ clent power to overcome the compreflure
of the cord, and expel air from the lungs,
the blood accumulates to a greater quan-
tity in the left fide of the heart, becaufe
no collapfe takes place, and confequently
no obftru&ion to the paflage of the blood
through the lungs.

The next experiment was made on \aﬁi A
animal that had been fuffocated, by diftend-

ing its lungs with nitrous air.

~ In order to perform this experiment a
common bladder was procured, and a pipe
. - affixed
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affixed to its nieck, fmall enough to be infert-
ed intd the trachia of a rabbit: This pipe
was introduced through a cork adapted to
the fize of a wide motthed bottle, which
contained copper with diluted fpirits of
nitre. The nitrous air arifing from this
folution, was colleted in the bladder, and

when a fufficient quartity was ofm

we attempted the following éxperimen‘t."ih

FEXPERIMENT.

A fmall Rabbit was deftroyed in nitrous
_air, and as foon as it difcontinued to ex-
pire air from its lungs, we retnoved it from
the medium in which it was plunged. A
{mall aperture was then made in the trachea,
the bladder taken from the bottle containing
the nitrous air, and the pipe introduced
-into : the t‘ra‘chv‘g&f in' order to diftend the

K 1uggs 3
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lungs; which being effeted, the air was
prevented from efcaping, by tying the tra-
chea. On examining the heart, the pro-
portion of blood in the left was to that in
the right as feven to fix.

The experiment was again repeated by
deftroying an animal in fixed air, and
diftending the lungs with nitrous air; and
the proportions in the left were to thofe in

the right as thirteen to twelve.

But thefe laft experirhents did not alwéys
favour our expetations, a larger portion
- of blood being found in the right fide of
- the heart, from the flight degree of irri-
tability that remains after refpiration had

‘been ftopt by noxious air.

Our next attempt was to afcertain if
‘more blood were found in the lungs of an

3 animal
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animal whofe refpiration was fufpended,
and then the collapfe removed by a fluid ;
than where this fufpenfion took place
without the removal of the collapfe.

We could devife no method to enable
us to eftablifh this point with accuracy,
- but ventured however on the following

- experiment.

ExXPERIMENT.:

A Rabbit was drowned, and the lungs
immediately diftended with air; after ty-
ing up the trachea the cheft was op(_éped,

‘the pulmonary artery and dorta fecured,
as alfo the trunks of the pulmonary' veins.
The left fide of the heart was then opened,
the blood removed, and.pulmonary veins
| ,divided, the ligature was taken from the
K 2 ~ traches,
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trachea, and the air exprefled from the
Iuhgs. A large quantity of ‘blood flowed
from the pulmonary veins, and in a few
minutes, by alternate expanfion and col-
lapfe, the lungs were emptied of their
“contents. No accurate comparifon how-
ever could be drawn between the quantity
of bloed prefent in this experiment, and
that which the¥ contained in the collapfed
ftate; but it was evidently lefs in the
latter, which tends to confirm the opinion
~ of the collapfe of the lungs preventing a
free circulation through them ; for if more
blood is found when they are diftended
than when collapfed, this it would feem
~muft arife from the prefence of an ob-
ftru@ion in the one inftance, and its re-

~moval in the other.

- * Thefe, together with the ‘fqrmer expe-
riments, confpire to prove that the col-
' | « lapfe
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lapfe forms an impediment to the circula-
tion ; for if in an animal that is drowned,
hanged or fuffocated, the blood be found
to predominate in the right fide of the
heart, while in another deftroyed by the
fame meax}é the contrary takes place
merely from the introdu&tion of a fluid
into the lungs which can have no chy-
mical effe& on the blood; from what can
this variation and difference of quantity
originate, if not from the mechanical ob-
ftru&ion in the firft cafle, and its removal

in the fecond?
[ ]

It thould however be obferved that al-
though repeated experiments prové me-
chanical obftru&tion to exift in fufpended
breathing ; yet it muft be confefled that
the right fide of the heart is capable of
‘overcoming in fome meafure, this' ob-,
ftruction, at leaft for fome little time after

K 3 refpiration
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refpiration has ceafed, and the left of
getting rid of its black blood; an oi)inion H
that is ftrongly countenanced by the fol-

lowing experiments,

ExPeERIMENT,

A Kitten was drowned, the cheft imme-
diately opened, and the aorta fecured,
without including the pulmonary astery;
when the heart had ceafed to contrad, the
quantity of blood in both its fides was
examined, and it was found that the lgft
contained nearly as much as the right.

“This experiment was frequently repeated,
and formetimes the quaﬁtity of the blood was
greate;r.i'n the left fide of the heart than in
the nght but in all the expenments the
difproportion was leffened by-tying up the

aoyta,
In
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.‘_In' the animals therefore fubjected to
thefe experiments, the blood muft have
pafled through the lungs in the collapfed
ftate ; and if no'ligature had been applied, .
this black blood would have been pro-
pelled into the aorta, fince the period of-
examination of the heart after refpiration
has ceafed, makes no alteration in the pro-

portions.

Thefe ez.-:periments afford a refult in
dire& contradi@ion to the opinion fup-
ported by Dr..Goodwyn, that the left fide
of fhe heart is incapable of adting from
the ftimulus of black blood : for they prove
that whenever the right fide of the heart
is capable of fending blood through the
lungs in the collapfed ftate, the left is
alfo enabled to contract from the ftimulus
of block blood, |

K4 The
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The fame experiments may alfo at firft
feem to invalidate the opinion that fuppofes
the prefence of collapfe. But every appear-
ance of objection will vanifh, if we but re-
flect that whenever the right fide of the heart
has the power of propelling blood through
the lungs in the collapfed ftate, the quan-
tity is fo fmall that it can produce no ef-
fed; for we find the lungs contain but
very little air, and confequently under this
difeafe are nearly in the fame flate as the
faetal lungs; but as only a fmall quantity
of blood in the healthy ftate of the foetus,
can be propelled through that vifcus, it
appears that the blood pafling through it
during the collapfe in the adult, would
not be fufficient for the demand, as very
little more.blood can be fent through the
~11,;ngs_ after the laft expiration, than in the
feetal circulation; with this material dif-
ference Ahowever, that in the iatté;-‘ a change

hag
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Las been given to the blood (in the [pla-

centa) while in. the other it can receive

none. -

Now as the left fide of the heart {oon
ceafes to poffefs a flimulus that can enable
it to difcharge its contents; fo alfo the
right can no longer propel blood through
the lungs in their contraited flate: for if
the right fide of the heart continued to
fend blood through the lungs when the
left was incapable of getting rid of its
own, we fthould then find the blood pre-
dominate 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 peclorss, then an
objeGion would arife to the fuppofition |
of their collapfe forming an impediment

to

i
i
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to the free paffage of the blood; but of the

experiments which he imagined authorifed
this conclufion, we have already attempted
to dete&t the infufficiency.

It muft however be confeffed, that Dr.
Goodwyn’s experiments feem fo inge-
nioufly devifed, and the conclufions drawn
from them fo fpecious, that at firft they
fufpended inquiry; and it was only by
fubfequent examination that we were able
to dete&t the fallacy of thofe particular
ones, which he adduces to afcertain the
quantity of air remaiﬁing in the lungs after
the laft expiration. But by phrfuing a mode
of enquiry different to his, we obtained a
refult extremely unfavourable, and indeed
contradi¢tory to his conclufion, viz. that
inflead of the lungs containing a large
quantity of air after drowning, hanging,
or fuffocation, the refiduum is very incon-

| | fiderable,
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fiderable, and they are found in a ftate of
collapfe.

To this conclufion fucceeded an ob-
vious refle@ion, that if the circulation
could be properly carried on during
a collapfe of the lungs, why fhould the
feetal circulation differ from that of the
adult? and indeed it appears evidently to
be the intention of Nature, that only a
fmall portion of blood fhould ever pafs
through the lungs in their fate of collaps,
for fhe, ever uniform as wife in her opera-
tions, would never have provided a dif-
 ferent circulation for the foetus, if the vef-
fels of its lungs could have admitted
throngh them a free and unmterrupted
paflage to the blood ; but as a collapfe of
the lungs was neceflary in the feetus, it
was mdxtpenfable for its ceconomy, that it
 be furnifhed with a foramen ovale, &e.
‘ &e.
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&ec. to compenfate for the fmall allowance
of blood that is fent through them.,

In drowning, &c. &ec. as very little air
remains in the lungs after the laft expira-
tion, the difeafe muft exhibit nearly the
.fame,phaenomena as the foetus, whofe mui-
cles of refpiration have not been excited to
a& ; for in this cafe, it is nature that ef-
fe&ts what we endeavour to attain by art;
that is, to remove the collapfe of the lungs,
and this by the introdution of a fluid that
will give the neceflary change to the
blood.

Haller, Cullen, and others were of opi-
nion that the ftate of full infpiration was
as unfavourable to the tran{miflion of blood,
through the lungs, as that of expiration
but this fuppofition appears to be but ill-
fup};orted by fa& ; for there has been the

teft



(125 )
teft of experiment to prove, that when the
lungs were completely diffended by water,
~the blood freely pafled from the right fide
of the heart to the left, and the alion of
the heart, under this circumftance, muft
have been feeble, if compared to that

which it exerts in a ftate of health.

It has alfo been tMe generally received
opinion that where the motion of the lungs
is by any caufe impeded, the circulation,
from want of their mechanical aétion, is
alfo fufpended; and it is fuppofed by Mr.
Kite, that the accumulation of blood which
takes place in the right fide of the heart,
from drowning, hanging, and fuffocation,

originates from the fame caufe.

“As it is generally agreed,” fays Mr.Kite,

« that the ftoppage of the morion of the
% Jungs is the firft internal efficient caufe
“of
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of death, let us confider the effets

which reafon teaches us, muft inevit-
ably follow the ceflation of that im-
portant adtion. The blood returning
from all parts of the body by the fu-
perior and inferior cava, is colleGed in
the right auricle and ventricle of the
heart, from whence in"a ftate of health,
it is tran{mitted through the pulmonary
artery and veins, into the left auricle;
but in the prefenf inftance, the motion of
tbe lungs being ftopt, only a fmall quan-
tity can pafs through that vifcus.

This opinion of Mr. Kite’s has been con-

tradicted by experiment, which proves that
from the mere removal of the collapfe, inde-

pendant of any mechanical aétion 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
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does not proceed from want of motiaé, but
from the collapfe of the lungs.

To the oppofite opinion, however, Mr.
Kite ftedfaftly adheres;and in ordertoground
his affertion, that the circulation ceafes in
drowning, banging, and fuffocation, from
want of motsn in the lungs, and not from
their collagfe, he has recourfe to analogy,
and obferves, * that in the action of laugh-
“ ing the lungs are diated, and remain
“ almoft in the fame ftate until the caufe
¢ ceafes ; but while it continues, the blood
“ cannot be tranfmitted freely through the

- lungs; hence we eafily account for the
. % rednefs and fwelling of the neck, face,
-%.and head; and if the paflage through
“ the lungs is long impeded, the brain -
“ fuffers, and apoplexy enfues, which has
“ on many occafions ended fatally.

« Cafes
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“ Cafes have often happened of violent

' ftraining 4nd fits of coughing, which

are attended with @ full and lng conti-
nued z}zjjﬁimtz;on, tei‘minating in the fame
manner ; and {inging or crying produce
{imilar effects, although it feldom hap-
pens they are carried to any dangerous
excefs. Inftances almoft out of number
might be brought forward in fupport
of thefe arguments§ but enough has
furely been faid to fatisfy the doubts
of the moft incredulous, and fix the
wavering mind of the moft incorrigible

{ceptic.”

If Mr. Kite’s aflertion were true, that in

the a& of laughing the lungs are dilated,

and that coughing, fits of ftraining, fing-

ing, &c. are attended with @ full and long

continued - infpiration, this 1 acknowledge

would be fufficient to imprefs conviction

on
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on the mind of every fceptic that the want
of motion in the lyngs, from whatever
caife, may'pr‘e‘v'ent the tranfmiffion of
blood from the riglit fide of the heart to
the left; but inftead of thefe efforts being; )
as Mr. Kite ftates them, ads of z'njjb)'mtioﬁ‘,
they are all aé’gs'p.fj expiration, and we
thight with ds much propriety: affert, that
charging a gun produces the explofion, as
that the a&s of laughing, coughing, fing=
ing, &c. are the effe@s of mfpiration..
From long continued expirafions, as laugh=
ing, coughing, &c. when carr‘ie& to ex=
cefs, a collapfe of the lungs muft arife, and
this, by obftructing the free paffage of the
blood through them, will occafior an ac<
cumulationi of it in ‘the right fide of the.
heart, from which apoplexies may {ome-
times follow. But fuppofing the lungs
were, as Mr. Kite conceives them to be,
in a ftate of dilatation, then apoplexy could

L : never
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never be the confequence, fince a free
paflage would be then open to the blood,
and prevent the poﬁibility,of its congeftion
in the head; fo that Mr. Kite’s effczent
caufe of death here contradiGts Ais proxi-
mate.

The argument alfo adduced from ana-
Iogy, to fupport the opinion, that the wans
‘of motion in the lungs ftops the circulation
in drowning, hanging and fuffocation, in
reality confutes it, and proves collapfe to
exift, But had not Mr. Kite feemed to
conceive that his arguments were f{ufli-
cient to fatisfy the moft incorrigible {ceptic,
we fhould not have taken fo much pains
in endeavouring to difprove them. Indeed,
as the plan of treatment recommended by
Mr. Kite muft be fo highly detrimental, if
collapfe does really exift; it appeared of the
utmoft confequence to determine whether

3 from
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from 7¢ arofe the fufpenfion of the cir-
lation, or from the want of motion in the

lungs.

In drowning and in fuffocation from
foul air, anatomical refearch has difcovered
that the veins of the head are not more
diftended than in natural death; and that
apoplexy does not take place as Mr. Kite
fuppofes from hanging, is equally ob-
vious; for if fuch were the cafe, never
could we be able to effe& a recovery, fince
our endeavours to remove common apos
plexy, even while the procefs of refpiration
and circulation proceed, frequently prove

unfuccefsful.

Were it really true that apoplexy took
place either in drowning, hanging, or
fuffocation, wethould conceive more fan-
guine hopes of recovery after breathingt

L=z had
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had ceafed in ordinary apoplexy than when
it arofe from drowning, &c. for thefe
latter caufes produce their fatal effe&t in
a few minutes; while common apoplexy,
even where a predifpofition exifted, is ge-
nerally many hours, and fometimes days
before death takes place. If, therefore the
two difeafes be of the fame fpecies, that
which arifes from drowning, &c. muft
be much the more violent in degree. Were
this indeed literally the fa@, we fhould
then from droWning, &c. find great ex-
travafation, and no recovery could be
effeted, and we fhould have reafon to
expect a recovery in every inftance, where
the caufe was fo flight as to require feveral
hours to ftop the natural altions; but as
we are able to recover long after breathing
has ceafed in that difeafe, which accord-
ing to this theory, muft be the moft violent,
and as we frequently fail of 'recovering |

from
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from common apoplexy, even during re-
fpiration, it certainly proves that this
difeafe, and that which takes place from
drowning, are as eflentially different as

any . two difeafes to which the human

body is obnoxious,

It has been advanced by fome authors,
that the mere diftention of the veflels,
without any extravafation either of blood
or ferum, is {ufhicient to produce apoplexy,
and this is the fpecies of apoplexy which
Mr. Kite conceives to lze jpr}oduced in-
drowning, &c. as it is acknowledged that
no extravafation takes place in the head;
but were congeftion alone, in thefe cafes,
the caufe of death, then muft it be fup-
pofed that the diftention alone of the
veflels a¢ts much more violently than when
attended *with a&tual extravafation; but
this is an opinion not only difcounte-

L3 nanced
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nanced by probability, but alfo flatly cone
tradited by Valfalva and Morgagni on
the ftubborn faith of numerous fa&s. The
latter obferves ¢ that thofe cafes are the
“ moft violent, and much the fooneft
“ mortal, which have their origin from
“ extravafation within the cranium, we
* not only have daily proofs of ourfelves,
“ but it has alfo been frequently obferved
“ by others.”

It would therefore appear that though
the veffels of the head were fully diftended
in drowning, hanging, and {uffocation,
this diftention could not here be confi-
dered as the immediate caufe of death,
fince at moft it can produce but a very
mild fpecies of apoplexy; for even when
_extraafation follows, the attions of life
generally continue for hours, while in
drowning, &e. it is needlefs to rcpeat, the

natural
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natural fun@ions are in a few minutes abo-
lithed.

There ftill remains one obfervation,
which proves the impoflibility of apoplexy
happening from drowning, &c. and that is,
that no accumulation of blood can be formed
even at the right fide of the heatt, prior
to the commencement of the collapfe of
the lungs, but as foon as this obftructs the
free paffage of the blood, then it receives
but an imperfe& change ; and is therefore,
in a great meafure, deprived of its eflen-
tial quality. From this circumftance it
will no longer be capable of keeping up
the full and natural a@ion of the heart
and arteries; and as the carotid and ver-
tebral arteries will alfo have their alion
proportionably diminifhed, the impetus of
the blood to the head muft thereby be
checked,and confiderably enfeebled. Thefe

L4 ~ confi-
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confiderations make it obvious that ape-
plexy can only happen where the blood
receives its préper fimulus from the air
to- fupport the adtion of the heart and
arterial fyftem, and where an obftruction.

exifts to its free return.

- In apoplexy that proceeds from diften-
tion of the ftomach, and other caufes, the
blood continues to receive its due ftimulus
from the air; while for want of a fuffi-
cient expanfion of the lungs, (the'dia-
phragm not being allowed a proper .
defcent,) an obftru&ion arifes to the free
return of the blood, which occafions the
difeafe. But even in this fuppofition, death
might not be the confequence, at leaft for
many hours, if at all ; although the veflels
of the head might have been fully diftend-
ed, and that by the natural attion of the
carotid and vertebral arteries; but as in

drowning,
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drowning, &c. thefe veflels are foon de-
prived of their wonted ftimulus, no in-

jury whatever can happen to the brain.

From thefe obfervations, we truft it has
been proved mnot unfatisfattorily, that
apoplexy never happens in drowning, &c.
but there is an experiment which muft
always fuperfede argument that fully dif-

proves the exiftence of apoplexy.

This experiment has been mentioned
before to prove a different fac; but as it
is one that ferves our prefent purpofe, the
repetition of it will therefore be excufed.

ExPERIMENT.

'The trachea of a dog was laid bare,
and fecured by a ligature, and this was
endeavoured ta be performed at the in-

| | ftant
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ftant an infpiration was made; in lefs than
four minutes he ceafed to ftruggle. On
examining the heart we found the quan--
tity of blood in the left, when compared
to that of the right as thirteen are to twelve.
A portion of the cranium was removed,
and the veins of the head were evidently
lefs diftended than natural.

Here then there being no obftru@ion
to the paflage of thie bloed through the
lungé®it could not be colleted in the right
fide bf the heart, and confequently no
accumulation was found in the héad, and
yet this animal died as foon as other ani-
mals from ordinary hanging; which car-
ries convi&ion to my mind, that apoplexy

forms no part of the difeafe.

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

riment was made.

EXPERIMENT.

The two carotids of a dog were fecur-
ed *, and in half an hour after this opera-
tion he was hanged. In lefs than four
minutes he ceafed to move ; on removing
a large portion of the cranium the veflels
~ were found much lefs diftended thagyin
ordinary death. ‘

From this experiment it muft appear ob-
vious, that as the principal fource of fup-

* This experiment of tying up the earotids has
been made both by Mr. Haighton, and Mr. Cooper, in
order to afcertain the effeéts, and in every inftance it
appeared to produce no injury whatever to the func-
tions of the animal. ‘

ply
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Ply was ¢ut off; inftead of the veflels of thc'
brain being in a flate of congeftion, the
quantity of blood they contained muft
have been lefs than natural, and confe-
quently no {pecies of apoplexy could fol- '
low. Yet this animal died as foon as
other animals which had undergone no fuch

operation.

Mr. Kite, ¢ from a variety of circum-
« ftances, is induced to believe that me-
“ P‘hitic air occafions apoplexy and death
“in two ways; firft, by affedting the
“ nerves of the trachea in fuch a manner
“ as to render the mufcles fubfervient to
¢ refpiration paralytic; and fecondly, by
“ its fedative property, deftroying the ac-
“ tion of the brain, and nervous fyftem.”
. To the m)ifcles of refpiration being ren-
dered paralytic, there are two forcible ob-

je&ions
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je&ions ; firft, that the nerves of the
t_rat;hea have no communication with
the mufcles of relpiration ; and, fe-
condly, that if the mulcles of refpiration
were paralytic, no recovery could ever be
obtained. Yet Mr. Kite in the next
page obferves, that ¢ feveral have been
“ known to have revived {pontaneoufly ;”
which certainly proves, that the mulcles
of refpiration could not have been in a pa-

ralytic ftate.

As to the latter opinion, thatiapoplgxy
and death are produced by the fedative pro-
perty of noxious air, deftroying the acion
of the brain and nervous fyftem, it can by
no means be reconciled to the idea we have
formed of apoplexy ; for I believe it is ge-
nerally .agreed that apoplexy muft hap-
pen from preflure on the brain ; and we
might with equal propriety affirm, that

tobacco,
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tobacco, and other vegetable poifons,
when taken into the ftomach, (which ac-
tually do produce a fedative effe on the
brain and nervous {yftem,) bring on apo~
plexy, as that this difeafe is the confe-
quence of the fedative property of mephi-
tic air. Indeed it appears fomewhat
firange, that Mr. Kite, who has paid fo
much attention to apoplexy, fthould have
imagined that this difeafe could ever be
produced by the immediate effect of any
Sedative.

We alfo diffent from Mr., Kite in opi~
nion, thata full infpiration is ever made
“in foul airs; for although animals when
immerfed in fuch a medium, may have
been hecard to cry, yet this affords no
proof that a full infpiration has been pre-
vioufly made. This is not an uncom-

mon circumftance in drowning animals,

found
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found being the immediate a& of an ex-
prration ; and there can be no doubt but
all animals have a quantity of air in their
lungs when immerfed in a noxious me-
dium. But as foon as the animal on infpi-
ration becomes fenfible of its deleterious in-
fluence, it endeavours to expire; and to this
endeavour an attempt fucceeds to infpire,
when the fame fenfation recurs as permits

very little air to pafs into the lungs.

~ Dr. Crawford’s experiments evince, that
when an animal is placed in 2 warm me-

dium, the venous blood becomes nearly

florid.

With a view to alcertain if an animal
could be drowned, and the blood in the
left fide of the heart flill retain a florid ap-
pearance, the following experiment was
made.

Expe-
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EXPERIMENT.

A kitten was immerfed in a warm me-
dium, a little above its own temperature,
and permitted to breathe under a large
glafs-bell for twenty-four minutes; it was

then drowned in the fame medium.

On opening the cheft, it was found
that the blood in both fides of the heart
 was fomewhat florid, and yet this animal
died, which, however, according to Dr.
Goodwyn, fhould not have happened.
But why this animal did die, can be rea-
dily explained; for the collapfe of the
lungs was here of courfe the fame as in
common drowning, and from it arofe the
smmediate caufe that fufpends the circula-
tion ; but there was ftill agother power

operating
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~operating upon this animal to deftroy life ;
for from the intenfe heat and denﬁ{y of
the medium in which the animal was
placed, it was compelled to have recourfe
to the procefs of generating cold, in order
to refift this exceiﬁ"‘vé:(ﬁimulus‘ ;. and the
at of repelling heat in'vaﬁably renders
the powers of the animal lefs f{ufceptible
of a&tion: moreover, the power of gener-
‘ating cold by evaporation, was here denied.
Notwithftanding, therefore, that the blood
in the left fide of the heart might be florid,

yet the fufceptibility of action being feeble,
the quality of this blood was infufficient to
fupport irritability.

Ihis worthy of remﬁrk,'tlxat in this and
in every fimilar experiment, the heart had
lefs a&tion than ufual, although the bl‘o.od
had this florid appearance; which clearly
demonftrates, that much heat diminifhes

M irritability,
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itritability, and this effe& is probably pro-
duced by the quick a&ion which exceflive
heat invariably excites, and the debility
confequent on the endeavours to refift
‘heat. Hence it muft appear evident, that
“although the blood might poffefs latent
heat in abundance, and what in health
would have been a proper ftimulus, yet
from the folids not being fufceptible of
aétion, life could net be fupported. The
ultimate ¢ffsét of all violent fimuli muft
be that of a fedative; thus heat (which is
one of the moft powerful ftimuli in na-
ture) when applied to a certain degree,
alts as a ftimulus ; but if this be carried to
excefs, the final effe@ will be extreme de-
bility and death. This is likewife the ef-
fect of the ufe of fpirituous liquors, &c. a
certain quantity will produce a ftimulating |
efie®, without diminithing the powers
of the animal; but increafe it beyond
o this
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“this, and debility will be the confe-

quence.

It has been feveral times remarked,
from the refult of repeated experiments,
that where the collapfe of the lungs was
removed after breathing had ceafed, the
circulation went on freely through the
lungs, and diftended the left fide of the
heart; but when the collapfe exifted,
the left was not diftended, which evi-
dently proves that the collapfe of the lungs
is the immediate caufe of the ceffation of
circulation ; and not as Dr. Goodwyn fup-
pofes, the prefence of black blood in the left
Side of the beart ; nor, as Mr. Kite ima-

gines, from want of motion in the lungs.

We do not, however, eftablith the col-
lapfe of the lungs as the proxsmate caufe of
the difeafe; for by the term proximatet

M2 ' caufe
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- ¢caufe is generally underftood, that which
on being removed, the difeafe ceafes. I
this definition of a proximate caufe be adopt-

“ed, then mechanical obftru&ion in the
lungs from collapfe cannot of #£/if be
confidered the proximate caufe; as by the
‘removal of ‘the collapfe, the right fide of
the heart is merely enabled to empty itfelf,
and, by the vis a tergo, to produce an

-adtion in the left. But before the procefs
of circulation can be completed, the animal
muft be provided with blood poffefling an
increafed quantity of latent heat, as not only
the left fide of the heart, but the whole {yf-
tem wants blood of this quality ; fince in
the foetal circulation, the change is re-
ceived before it reaches the heart, and

‘both fides have a like ftimulus. As the
heart, however, in the adult muft bc; the
origin of circulation, fo it is neceffary

- that the alteration fhould be made imme-

diately,
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diately, before the blood enters one of
thefe cavities ; whereas in the foetus, the
heart not being the origin of circulation,
the change is given to the blood before it

arrives at that organ.

There would appear a more ftriking im-~
propriety in faying, that the black blood in
the left fide of the beart and arterial fjftem
was the proximate caufe of the difeafe, as
this bisod cannot “be changed until it has
run the courfe of the circulation, and re-
turned to the lungs; but that cannot be
effeted without a previous remofal of the
obftru&tion formed by the collapfe, and
exciting the left to contrat on its dlack
blood ; and even if the neceffary change
could be given during the exiftence of
collapfe, the lungs could not allow a fuffi-
cient quantity of blood to pafs through

- M3 them,
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them, to keep up the natural fun&ions
of the animal.

To us, therefore, the proximate caufe
of that difeafe produced by drowning,
banging, and fuffocation, appears to be
mechanical obfiruciion in the interior pul-
monary wvelfels jfrom collaple of the lz:ng.v,
with a want of latent beat in the blod;
for remove this collapfe, and induce the
neceflary change on the blood, and you
cure the difeafe.

Havin}} thus far attempted to eftablith the
proximate caufe, we are naturally led to
enquire into the ufual remedies employed
in this difeafe; and to fele& fuch as ap-
pear to be the beft calculated to produce a
falutary effect.

SECTION.



SECTION VIL
Effects of emetics in fufpended rc_'/}imtion,

THE proximate caufe that refults from
the fufpenfion of refpiration in drowning,
hanging and fuffocation, we have fup-
pofed to be mechanical obftruction in the
lungs, with a decredfe of ftimulus in the
blood. Theremedies employed to remove
it are as numerous and different as the
theories advanced to explain ity but of
them all, emetics, with which wé begin,
are perhaps the moft ineffeGtual ; their ad-
miniftration muft even be attended with no
inconfiderable injury, if had recourfe to
before the action of the vital fun&iéns is
reftored, and even then fhould be regu-
lated by a ferious and vigilant regard to
particular circumftances.

| . ~ No
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No falutary effe@s can be expetted from
vomits, but in cafes where the procefles
of refpiration and circulation have been
rc—eﬂablifhed,‘and where enquiry 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 ftomagh to
facilitate the defcent of the diaphragm in
infpiration ; but to commence by the exhi-
bition of emetics muft be highly bimproper,
as the action and energies of the heart,
from its fympathy with the ftomach, muft
thereby‘i)e confiderably debilitated. And
even adrﬁitting no fuch debilitating effe&s
took place, every atté_mpt to empty the
ftomach muft neceflarily be futile until
the nervous energy be reftored in a very
fenfible degree, when they may be exhi-

bited to more advantage.

To



( 158 )

To afcertain, however, with fome de-
gree of precifion, the effes of a powerful

emetic, the following experiment was made.

EXPERIMENT.

A Puppy was drowned, and after all
ftruggling had ceafed, one drachm of eme-
tic tartar diffolved in two ounces of water,
was injected into its ftomach. The lungs
were then inflated, and other means of
recovery employed, until the animal made
an effort to infpire; foon after which it

appeared perfectly recovered.

" In feven minutes from its apparent re
covery it began ‘to vomit; in twelve to
purge, and continued frequently to vomit
and purge for one hour and feventeen

minutes, when it died,

" On
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On examining the ﬁomach,‘ it was
found empty, but without the fmalleft ap-

pearance of inflammation.

As a recovery was effeGted in this animal
where fo ftrong a dofe of poifon had been
adminiftered, and that without producirfg
any inflammation, it was deemed requi-
fite to introduce the fame quantity of eme-
tic tartar into the ftomach of another puppy
during the healthy aGions of the animal,
in order to determine if the effeCts were

Mimilar.

The experiment was made in the follow-

ing manner.

ExPERIMENT.

Into the ftomach of a Puppy of the
fame litter as that of the laft experiment,
was
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was introduced one drachm of emetic
tartar, while its natural aions remained
unimpaired ; in two minutes it appeared
faint, in lefs than four vomited ; in eleven

purged, and in fifty-three minutes died.

The ftomach, as in the laft experiment,
was found empty, but the wbole internal

coat was nearly in a_flate of gangrene.

The refult of thefe experiments exhibits
a truly remarkable circumftance, that an
animal fhould be drowned, afterwards have
poifon inje¢ed into its ftomach, and yet
be recovered and continue to live longer
than another of the fame order and age,
that had received the fame quantity of
poifon in full health; it tends however
to evince and afcertain one fa&, that me~
dicines introduced into the ftomach do not

produce the fame effe when refpiration

3 and
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and circulation are fufpended, as'when thefe
Sunétions are duly carried on: and this
circumftance fomewhat accounts for a phe--
nomenon which to me appears extraordi-
nary, that. a recovery fhould fometimes
be effeGed, even after emetics, tobacco,“
&ec. have been adminiftered in quantities
fufficient utterly to deftroy the life of the
fame fubje&, if given in full health.

It may however at firft be doubted,
whether medicines that poffefs a fedative
property, like tobacco, would not produce
their greatei’c'eﬁ'e& on an animal whofe
powers were weakeft, and confequently
deftroy the irritability of an animal already
debilitated by drowning, &c. much fooner
than an animal, the vigour of whofe

powers remained undiminifhed.
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To afcertain this point the following ex-

» periment was made.

EXPERIMENT.

A Puppy of about a fortnight old was
drownéd, and after all motion had ceafed,
a ftrong infufion of tobacco (one drachm
to two ounces of boiling water, and fuf-
fered to cool) was thrown into its fto-
mach; the ufual means of recovery were
then employed: in fifteen minutes it made
an effort to infpire, and foon breathed to-

lerably well, but in lefs than ten minutes
after, it died.

"EXPERIMENT.

An equal quantity of an equally firong
- infufion of tobacco was introduced into the

flomach of another ‘Puppy of the fame

age;
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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-
lIant or narctgtic quality, their effefts are
diminifbed in proportion as the powers of

the animal are decreafed.

' Tbat medicines however do produce
fome effe@ before refpiration is reftored,
has been confirmed by the following ex-

‘periments.

ExPERIMENT.

A {mall Puppy was drowned, and the
~ cheft being immediately opened, the heart
was obferved to contra@ firongly. - Six

drachms



( 159 )

drachms of laudanum was thrown into its
ftomach, and there followed almoft an
inftantaneous diminution of the a&ion of

the heart.

This experiment was repeated, by in-
jefting white vitriol, emetic tartar, infufion
of tobacco, &c. into the ftomach, at a time
when the heart was expofed to view; and
thefe were alfo found to check the force
~ and frequency of its contra&tions, but par-
ticularly tobacco. As it therefore appears
that in this difeafe fympathetic effe&ts con-
tinue to arife from the application of im-
preffions to the fympathifing 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, orany other warm cordial, which is
known
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known to increafe the action of the heart,
(probably imsthefe circumftances without
- diminifhing its power) fhould only be em-

ployed.

To confirm this opinion, we proceeded

to the following experiment. - - -

EXP,ERIMI%NT.

A Dog was hanged, and the heart being
expofed to view, one ounce of brandy
was thrown into its ftomach, the actions
of the heart were foon quickened, and each
contradtion appeared more forcible than

before the exhibition of this ftimulus.

This experiment we frequently repeat-
~ed, by increafing the quantity of fpirit to
{ix ounces and upwards, and it was found

' that
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that fo large a quantity qulckened the |

aCtions of the heart extremely, but they

were feeble and of fhort duration.

From thefe experiments, however, we
can draw only this inference, that a fmall
quantity of {pirits here increafed bozh the
power and action of the beart, while a large
quantity quickened the affwn, and ex-
baufled the p&w;'r:. But the analogy will
not hold good with the hiiman fubje& in
this particular inftance; for as the fto-
mach of the brute is not accu{’tomed to
receive fo ftrong a fimulus 4s that of
brandy, its effetts will be different iz
degree. Indeed, from obferving that all
medicines produce a lefs effe@ after re-
{piration has ceafed, than during health;
it is probable that fix, or even eight
ounces thrown into the human ftomach

N would.,
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would not increafe the afion of the
heart beyond its powers, and thus a cor-
dial of fome kind becomes one of the ne-

ceflary remedies in this difeafe.

SECTION



SECTION VIIL

Effects of bleeding.

WE do not confider bleeding as a dan-
gerous remedy in every cafe of fufpended
refpiration from drowning, hanging and
fuffocation; and were it poffible to take
blood from the part where we know it
fuperabounds, bleeding would prove one
of the moft immediate and efficacious

means of recovery.

.

~

The right fide of the heart has been
found to be loaded with blood. This
univerfally obtains in this difeafe; and we
mentioned one or two inftances in parti-
cular, where we had an opportunity of
obferving that the heart ccafedr‘to aét from

Nz over
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over diftention: but that when relieved
from a portion of its burden, its contrac=

tions were immediately renewed.

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

ftantly reinvigorated.

But as this lies beyond the reach of
art; the taking of blood from any other
part of the body can rarely ever be pro-
du&ive of any advantage, as there is
{eldom prefent in the fyftem a greater
quantity of blood than is neceflary to the
due fupport of the circulation. 'The di-
minution of this quantity muft confe-

quently be attended with hurtful effeCs,

From
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" From bleeding, therefore, as a general
remedy, little advantage can b¢ expeted;
nor can it be employed with fuccefs but
in fuch cafes, where, from an acquaint-
ance with the complexion and habits of
the patients, we may prefume that pre-
vious to the accident or difeafe, a general |

plethora prevz{'ilg:d.

It may then be ferviceable. to diminifh
the excefs of blood that loads the fyftem ;
for when the right fide of the heart has,
got rid of its prefent burden, if an accu~
mulation of blood prefles in every dire&ion
on the orifices of the two .cave, and
thence on the right auricle, it muft tend

ot a little to enfeeble or wholly deftroy
its action,

Mr. Kite obferves, .that in the tonic

‘temperament, every . circumftance .concurs
‘" N 3 which
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which can contribute to the a&ion of the
heart and arterial {yftem, and he imme-~
diately after adds that *¢ fuch people are
« alfo in a ftate very nearly allied to a
¢ plethora ; hence the blood circulates with -
“ fuch force as to occafion hzmorrhages
“ from many parts of the body.” In this
opinion we cannot coincide with Mr.
Kite, as the tonic and plethoric tempera-
ments appear very different; for when-
ever plethora is prefent, dedility muft be
the confequence, there being a greater
quantity of blood in the fyftem, than can
permit the animal to take on the tonic

temperament.

On this fate of the body fome light
may perixaps be thrown, by comparing
it with a difeafe to which young wo-
men are frequently expofed, viz.- a.dif-
- ference of temperament producing a
- fup-
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fupprefion of the menftrual difcharge,
The obftru&ion may arife either from the
prefence of too much or too little blood
in the fyftem; and yet both ftates may be
properly called the atonic, though for the
relief in thefe cafes oppofite remedies be
employed ; for in both there is relaxatioxi,
inadivity and want of power in the folids.
In the firft inftance we bleed and vomit,
by which means the heart and arteries,
from haviﬁg a lefs burden to propel through
the fyftem, will a&t more forcibly. Inthe
latter cafe we do every thing to increafe
the volume of blood, a due quantity of
which increafes the attion, and ftrengthens
the energy of the heart and arterial {yftem.
By this it would appear a certain quantity
of fluids is requifite to the fupport of the
proper aftion of the folids; but any thing
above or below the ftandard, will produce

N 4 debility.
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debility, It in the firft cafe 3 may be called
indirec?, in the other direc? debility.

- Bleeding then fhould be only employed
where the fluids appear too abundant.
When the operation is to be performed, I
concur with Mr. Kite in advifing the bloed
to be taken rather from ene of the jugu-
lars ; not however that we expect with Mr.
Kite that much advantage is gained by
taking blood from the head after drowning
and fuffocation; but as there is here a
nearer  conne&ion with the fuperior cava,
the heart would fooner be relieved, than

where it is drawn from the arm.

When blood letting is deemed neceflary,
it is one of the firft means of recovery to

which we ought to have recourfe.

The -
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The propriety however of bleeding muft
in every cafe be decided by the medical
affiftant ; and as we cannot take away
blood from the heart itfelf, it will moft
frequently be found that the quantity of
blood in the fyftem is not {fo great, as to
impede the circulation, and confequently
the quantity to be taken away fhould pro-

bably never exceed {ix ounces.

Blood letting may " with advantage be ,
employed where, previous to the difeafe,
‘the heart might be fuppofed to have aCed
more freely from fuch an operation ; but
where its powers of aftion were already
feeble, this remedy muft neceflarily "be
produ&tive of infinite mifchief; for if
‘there is not fuflicient blood in the fyftem
to furnifh a frefh lfupply to the right fide of
-the heart at each diaftole, inftead of pro-
gioting the good effetts of the other reme-

. 3 dies,



( 170 )

dies, it may totally fruftrate or at leaft te-
tard them.

After hanging however, there will be a
much more frequent occafion for blood let-
ting, than after drowning or fuffocation ;
fince the cord muft in fome meafure pre-
vent the free return of blood by the veins ;
and although we have endeavoured to prove
that apoplexy can never happen, yet in
thefe cafes as there is more than the natural
quantity of blood in the head, it may be of
fervice to leflen it; but the quantity of
. blood in the head will much depend on the
weight of the patient; and as bulk, weight,
and general plethora frequently are united
in the fame perfon, bleeding becomes here
indifpenfably neceflary; whereas, if the pa-~
tient be tall and thin, the diftance from
the heart to the head confiderable, and the
fyftem rather to want blood, bleedingg

cven
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even in cafes of fufpenfion, would perhaps
do more mifchief, by debilitating the
fyftem, than ad{rantage could be gained,
by relieving the local plethora of the head
and heart; for if the removal of the local
plethora tends to increafe the general debi-
lity, this laft difeafe is more dangerous than

the one we endeavour to remove.
We fhall next enquire into the effeés of

ele€tricity, together with thofe of artificial
refpiration, both fingly and combined.

SECTION



SECTION IX.

Effeits of Electricity and Artificial
Refpittion.

FROM eleCtricity, 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 tranfmitted through every part
of the body, the heart, brain and fpinal
marrow, and in. all cafes where ele@ricity
was the remedy principally relied on, it
feemed to fuperfede moft of the other cu-
rative operations, but particularly that of
expanding the lungs. From attending
however to the nature of the difeafe pro-

duced
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duced by fufpended refpiration in drewn-
ing, hanging, and fuffocation, it will evi-
dently appear, that flimulating the heart,
without at the fame time endeavouring to
remove the obftrution of collapfe, muft
be one of the moft ill judged and moft dan-

gerous plans of recovery.

I repeat, there is mechanical_obﬁru&ion
in the lungs from collapfe. . This alone
points out the danger of ftimulating the
heart, when there exifts a caufe that muft
impede its altion; we are deftroying its
irritability, without deriving any advan-
tage, as the circulation can go on to no,
effe, unlefs the obftrucion in the lungs
be firft removed. ‘

We are, by this plan of treatment, ab-
folutely taking away life.

Mr.*
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Mr. Kite conceiving that the ﬂoppag;e
of the motion of the lungs was the immediate
caufe of ceflation in the circulation,,and
that the lungs were not in a ftate of collapfe,
was led to recommend fhocks of eleGricity
to be pafled through the heart, &c. with-
out the lungs being at the fame time ex-
panded. In his effay he advifes that ar-
tificial refpiration, as well as eleétricity,
fhould he frequently interpofed, and that
‘'when the body is ele&rified a// the other
operations fbould ceafe.

As it has be‘eﬁ proved by experiment,
that in this difeafe the lungs are in a ftate of
collapfe, and that the circulation is ftopped
from this caufé, and not from the want of
motion in the lungs; it appears obvious,
that Mr. Kite’s mode of t’reatment" muft be
highly detrimental. Had- this gentleman

entertained
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entertained the {malleft {ufpicion of a cv/-
lapfe exifting, I am perfuaded he never
would have recommended the ftimulus of
elericity to be applied to the heart during
fuch a ftate of the lungs; but have con-
curred with me in opinion, that fuch a
pradtice was more likely to deftroy, than
reftore the altions of life. When eleGri-
city has been employed, the lungs have
fometimes been firft expanded and ca//ép/éa’,
and fhocks then pafled through the heart,
brain, and fpinal marrow, but in this cafe
the lungs being alfo contra&ted, every elec-
trical fhock muft diminifh the power of the
heart. Artificial refpiration is again em-
ployed without ele&ricity, but this {fecond
effort promifes lefs probability of fuccefs
than the firft; for the heart having before
received a flimulus, fo great as that of elec-
tricity, it is not likely that the minor one
viz. that of the mechanical altion of the

2 lungs,
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lungs, fhould have the f{malleft efled.
And as the heart may not naturally ac
more than once or twice in a minute, there.
are many chances to one that thefe contrac-
tions do not happen at the inftant the ob-
firu&tion is removed,

Inflating the lungs, and immediately
after prefling the cheft, is faid to be imi-
tating natural refpiration, but it appears
evident, that this mode of proceeding is
 very improper, if the heart has not been ex-
cited to a&tion during the expanfion of the
hings.

Neither is this procefs an imitation of na~
ture, for in health, the lungs always con-.
tain a quantity of air, and we only expel a
little, and receive in proportion. But if
we difcharge all the air as foon as reéeived,
it 1s probable, that the heart may act, when.

the
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the lungs ate contra&ed, and which a&ion
can produce no falutary effect.

Whatever view the operator may have,
who purfues this plan of treatment; whe-
ther he fuppofes a change to be produced
in the blood, within the auricle, or whether
he expelts to propel the blood within the
lungs into the left fide of the heart, he will
be equally difappointed. For we have ob-
ferved, that no change can be produced in
the trunks of the pulmonary veins ; and we*
bave alfo found that if any alteration in
the quality of the blood be made within the
lungs, there is not {ufficient quantity re-
maining for their mechanical a&ion to pro-
pel this blood into the left auricle.

The advantage we may expe& from in-
flation, is this; zbar the right fide of the
beart may al¥ at the fame time the lungs are

0] diftended ;-
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diflended ; but furely fuffering them to col-
lapfe, as foon as inflated, is very unlikely
to enfure fuccefs, when the heart has not
been ftimulated by.-ele,&ri'ci‘ty during the ex~
panfion of the lungs. Moreover, as the air
can only become vitiated, by the aftion of
the heart propelling blood inte the lungs,
there appears no neceflity of performing a
complete expiration after every infpiration,
- unlefs ele@ricity has been at this inftant

employed.

The plan of treatment neceflary to be
purfued is obvioufly this. We fhould fr/2
expand the lungs, and when the collapfe is re-
moved, flimulate the beart by a fhock of elec-
tricity. The beart from this is made to con-
traél, there is a free paffage for the blood, and
air in the lungs to pr&duce a change ; there-
fore if any irritability be left in the heart,
fome blocd muft enter the lungs. We

3 ‘ now.
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now perfe@ly collapfe them, and of courfe
this blood will be conveyed into the trunks
of the pulmonary veins and left auricle,
and the circulation will go on. The lungs
are again immediately diftended, and kept
fo, until another thock be pafled as before.

Here then it is neceflary, that all the air.
fhould be expelled as foon as the heart has
been made to a& ; fince this air may yave
loft the greater part of its purity.‘ But as
the irritability of the heart is feldom fufcep-
tible of a&ion, from the {mall ftimulus of
- inflation ; this practice can neverbe proper

where elericity is not employed.

It has been obferved, that the heart of
fome animals in fufpended refpiration, has
for a time the power of overcoming this ob-
ftru@tion by its own ftimulus, without re-
moving the éollapfe ; and probably in man,

02 ' . the
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the heart may poflefs a fufficient degree of
irritability to perform the fame fun&ions
on being flimulated by eledricity, agreeable
to Mr. Kite’s plan. But without confi-
dering the powerful ftimulus, required to
_effe¢t this, and the debility which muft ne-
ceflarily enfue; let us enquire, what ad-
vantages can be poflibly gained by propel-
ling blood from the right fide of the heart to
the left, during the collapfed ftate of the
lungs. Allowing this could be effetted,
there is no air in the lungs to produce any
chymical alteration on the quality of the
blood ; and were the left auricle and ven-
tricle, in part emptied and again diftended
with a fluid equally foreign to the wonted
ftimulus, their power muft every time be di-
minifthed,and confequently the right, ateach
contradion, require a ftronger ftimulus to
produce the fame effe&t; when as the left
finding an increafing difficulty in propelling

B t <



( 181 )
its contents; the right would be lefs ca-

pable of overcoming the collapfe.

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

into a vein by friction. 1

If no elefrical machine can be procured,
the manner of carrying on artificial refpi-
ration fhould be altered ; the lungs are to
be expanded ; and, inftead of comprefling
‘the air out as foon as received, they are to
be kept in a ftate of moderate expanﬁor'l
for about a minute; fo that if the heart
a&s during this period, there may be no ob-

~ftruction to the paffage of the blood.

O3 To
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"To effe& this, repeated infpirations are
requiﬁte, allowing at each time the fuper-
fluous air to efcape before the lungs are made
to collapfe, that there may be in fome mea-
fure a freth current of air. By this means
the furface of the lungs will at each infpi-
ration be thruft againft the heart; and if
part of its irritability is loft, fo that this
fhall not a& as a ftimulus; ftill when the
heart does a&, there will be air to give
the change, and no smpediment to the paj~

Sbge of the blood.,

- It was obferved that the lungs in ordinary
refpiration have no ative power in pro-
pelling blood through them in health. But
it feems in the recovery they may aﬂif’c»by
their action ; for when the heart poflefles
ohly power fuflicient to fend blood within
“the lungs, without being able to propel it ta
“the left heart, producing an artificial collapfe
under
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ander thefe circumftances will empty the
interior pulmonary veflels of the blood they
have received, and excite the left auricle
and ventricle to contra&ion. That the lungs
will here produce, this effe@t, there can be
no doubt, fince we find a greater quantity
of blood in them when diftended than col- .
lapfed; and hence by comprefling the lungs,.
they muft a& upon all the blood they have

received fince the laft expiration.

Care however fhould be taken,v that the
collapfe is never fuffered to continue ; for
the heart may a& at this period and #hen
without effek; {o that the a& of infpira-
tion in every inftance fthould be perforxﬁed
immediately after the laft complete expi-
ration. ' '

During the whole procefs of the treat-
ment, from the firft attempt to effe@ a

O 4 TECOVELY,
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recovery, the lungs thould never be fuffer-
ed to remain collapfed, that other cura-
tive means may be employed. Without
this precaution, we render abortive all
our endeavours to remove the caufe of
the difeafe; for this end not previoufly
attained, what rational hope or dependance
can be placed in the application of any re-

medy ?

Inftances of recovery have not been
wanting where the lungs were not inflated;
but in fuch it muft be attributed to an un-
extinguifhed energy of the living principle,
which continued in fome degree to enable
the mufcles of infpiration to act {o as to af

ford admittance to a portion of air.

Does it not appear probable that the dif-
ference of fuccefs which marks the cafes re-
ported
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ported by the Humane Society, in which
the fame method of cure was obferved;
may depend in -a great meafure on the
heart’s alting, or not a&ting during the ex-
panfion of the lungs? Some patients were
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 effeted by a {imilar 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 fhould be deftroyed from a
caufe which, thirty times multiplied is in-
fufficient to take away life from another
apparently under the fame circumftances.
Having been prefent at feveral cafes of
drowning, (in the character of fpe@ator,)

2 we



( 186 )

we had occafion to obferve one in par-
ticular, in which, though the body
had not been long under water, yet all
the endeavours to reftore life proved un-
fuccefsful. The failure of fuccefs however
in this unfortunate cafe was evidently oc-
cafioned by the means and method purfued.
to obtain arecovery. The {moke of tobacco
blown up the reGtum, frictions, and infla-
tions of the lungs were firft employed for
about ten minutes, when the two latter were
fufpended to allow the adminifiration of
eleCtricity. This ftimulus was applied by paf-
{ing {fmart fhocks through the heart, brain,
4nd {pinal marrow; in fact the whole body
was ele@rified. The mufcles through
which it was conducted contrated power-
fully. The tfhocks were repeated with
{fanguine hopes of fuccefs, but the contrac-
tions gradually became more feeble, ‘and

in about two hours were totally abolifhed.
Artificial
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Artificial refpiration, with friGtions, was
again attempted, but to no effec. It is
obvious that in this cafe a confiderable de-
gree of the vital energy was prefent, but
abfolutely deftroyed by the means em-
ployed to re-eftablifh it ; for as the proxi~
mate caufe of the difeafe was not removed,
evergr increafe given to the adion of the
heart muft have produced debility. Bat
had the collapfe of the lungs been taken
away when the heart had been ftimulated,
far different indeed might have been the
effets ; no impediment would then have
exifted to the paflage of the blood through
the lungs, and it would have imbibed
from the air its neceflary portion of heat,

Inflating the lungs and eleCrifying the
“bheart at the fame inftant, may at firft
view be thought a diflicult and embarraffing
procefs; but it will be found that proper

| inftru-
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inftruments, conftruted for the purpofe,
will make this as eafy, if not more fo,

than what are now employed.

It will be neceflary, however, firft to
confider the impfovements that have been
made, and the difadvantages that ftill at-
tend them.

Mr. Kite has formed a very compa&
cafe of inftruments for the purpofe of in-
flating the lungs, but not without their
inconveniences. Théy are direCted to be

thus employed.

“ A proper perfon ftationed at the head

[43

of the body to be operated upon, pafles

“ the appropriated end of a tube into one

“ of the noftrils, and fuftaining it there

“ with the fore finger, comprefles both
“ noftrils fo ﬁrnﬁy between the thumb

¢ and
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and middle finger of the fame hand,
that no air can pafs otherwife than by
the tube, and the other extremity of
the tube being applied to his mouth, he
blows with force through the pipe into
the noftrils of the fubject. .

- - ‘(’

¢ The medical dire&tor ftanding at the
right fide of his charge, muft keep the
mouth perfe@ly clofed with his left
hand, while with his right, making a
fuitable preflure on the profni_nent part
of the wind pipe, he prevents the air
from paffing into the ftomach, till find-
ing the lungs are properly diﬁended,
he is to prefs firongly upon the cheft,
removing at the fame time his left hand
from the mouth, fo as to let the air
pafs out; when by this means the lungs
are comprefled the procefs is to be re-
peated, that, as far as can be, the

¢ manner
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¢ manner of natural refpiration may be

¢ jmitated.”

We have obferved before, that collap/ing
the lungs as foon as diftended, is not imi-
tating natural refpiration; befides it appears
‘evident that air blown from the mouth of
another muft be highly improper, as being
' Vrobbed in fome meafure of its purity; and
if a pair of bellows be ufed,. it will em-
ploy three perfons, one to inflate, ano-
ther to fecure the noftrils and mouth, and
a third to prefs on the cricoid cartilage, and
cheft in expiration ; and it {feems that un-
lefs all three perform their refpetive of-
fices in perfe@ concord, the artificial re-

fpiration will be very imperfet.

There are alfo two difadvantages at-
tending every inftggment introduced imto
’ | the
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the noftrils ; firft, the epiglottis‘ obftrucs the
free paflage of the air; accordingly, part
of the air thus repelled enters the ftomach,
which cannot be prevented by prefling on
the cricoid cartilage; for although preflure
applied here may prevent ‘fnoﬁ liquids
from pafling, yet fo fubtle a fluid as air
blown with force may make its way into
the ftomach ; not that air is fuppofed to
produce mifchief from its quélity, but
from the mechanical effe& it muft have
in preventing the lungs from expanding. .
We know the detriment which refpiration
in health receives from a diftended fto-
mach, by its preventing the proper defcent
of the diaphragm in the a& of infpiration ;
for the other mufcles not being able of
themfelves fufficiently to enlarge the chett,
the rlght fide of the heart is prevented
from aing with its ufual eafe; and hence

a diften~
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a diftention of the ftomach from air muft
-be attended with the fame effe& *.

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
adapted to an inftrument which is to be
introduced into the trachea, after broncho~

tomy has been performed.

This is certainly a moft excellent con-
trivance, but from want of portability, they
have rarely been employed.

* From want of proper inftruments I once faw
the flomach, and the whole inteftinal canal very
much diftended, and a rupture under which the pa-
tient laboured, was alfo confiderably enlarged; but
the major part of the air may at any time be dif-

perfed, by prefling on the abdomen. |
Dr.
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Dr. Monro has invented an’ inftrument
to be. mtroduced into the trachea, in the
form of a common male catheter. Th1s is
mentioned ‘by ‘Mr. Kife-; but its ufe is
only recommended on spakticular occafions,
and it would feem that the infertion of this
inftrument into the windpipe; could not
anfwer the purpofe fo well as at firft might
be expedted; for when introduced, the
_inferior orifice would "be thruft againft
one of the fides of the trachea, and - the
curve prefling on the other, would form an

obftru&ion to the air.

“There alfo arifes a great diﬂiculty‘ in in-
troducing- this inftrument, mcre efpecially
to thofe who have not been in the habit of
employing it, as no guide can be given,
by which we may know whether it be in-
ferted into the larynx or pharynx ; and as
~the aperture of the latter is fo much larger
P than
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than that of the former, it would rather
glide into the cefophagus, than into the tra-
chea, and thus inflate the ftomach inftead
of the lungs. 'The ill confequences arifing
from fuch a miftake are fufficiently 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 8.) and in-
troduced down the cefophagus, and on this
tube is placed a conical piece of ivory, (cc)
that is moveable, to ferve as a direGtor for
the introduction of the pipe into the tra~
chea. |

The vegetable bottle being filled, .the
~tube is to be inferted three or four inches
2 3 : into
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into the cefophagus, and the conical piece
of ivory is then to be carried onward by the
affiftance of the fore-finger, {o as to clofe

the fuperior aperture of the cefophagus.

Having proceeded thus far, the tongﬁe,is
to be brought as forward as poffible, and the
inferior end of the curved pipe (Fig. the 1.)
paffed to the farther part of the mouth,
until it meets Withv'th’e‘ivory diretor. The
pipe being then brought a little forward,
the fuperior eﬁctr‘emity is-to be elevated, by
which means the inferior will be deprefled,
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
ivory dire&or, it muft pafs into the air-tube;
fo that the vegetable bottle, and its appen-
dages anfwer a double purpofe, that of in-
je@ing fluids into the ftomach, and as a

P2 guide
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guide to the iht‘rodu&ion of the other in-

ftrument.

* The pipe for the trachea is much
larger and longer than Mr. Kite’s, and
made nearly on an oppofite {cale, viz. the
great curve is given to the fuperior, in-
ftead of the inferior part ; from which re-
{ults this advantage, that when it is fixed
in the trachea, it will be nearly in a ftrait
line with that tube ; and for the more eafy
introdu&ion of the inftrument, the pipe is
made conical, and that there may be no
impediment to the paflage of the air, two
lateral openings are made at the inferior

extremity (B.)

# It may perhaps be advifeable, that the ivory dire&or
be continued in the cefophagus during the whole pro-
cefs of the treatment, as this will effeCtually prevent

any air from regurgitating into the ftomach.

The
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The application of thefe inftrumgnts can
not be fuppofed to embarrafs ansr profef-
fional man; if however, any impediﬁlent
fhould prevent the infertion of the pipe
into the air-tube, bronchotomy fhould be
immediately performed ; but the place,
and manner of performing this operation,
agreeable to the method generally recom-

mended, do not appear the moft eligible.

We are advifed by authors, to begin it
by a longitudinal incifion, three or four
rings below the cricoid cartilage, and
when the trachea is met with, to divide it

between the rings.

The performance of this operation, ac-
cording to this plan, can fcarce be attend-
‘ed with danger, when attempted by a fkil-
ful anatomift; but it may be embarrafling
- to a medical affiftant, who is obliged
C P3 haftily
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haftily to perforrﬁ it when perhaps he may
not perfedly recolle& the fituation of the
veflels ; and it i3 to be remembered that
hafte is always particularly neceflary on
thefe occalions, Allowing however, that
the c;peration is ably performed, great in-
convenience muft follow from the fitua-
tion of the wound ; for in the recovery of
the drowned, hanged, and fuffocated, the
head is, and always ought to be, kept a
little elevated, the confequence of which
muﬁ 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 carried on. This is not a theory
founded on hypothefis, but on fadts; as
we have feen two cafes wherein this acci-

_dcn‘t a&ually happened,

Another
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An other inconvenience attendant on this
mode of operating is; that"from the tra-
chea at this-part being covered by {o much
integuments, the pipe for inflating the
lungs, cannot be properly fecured; and -
thould a recovery be effeCted, the patient
muft be under the neceflity of keeping his
chin dire&ed conftantly downward, in or-
der to approximate the cartilages, a pofi-
tion that is not only very difagreeable, but

to be continued almoft impraticable.

In order therefore to render the opera-
tion more fimple, lefs vdangerdus, and
to prevent blood from entering the air-
tube ; I conceive it more eligible to di-
vide the thyroid cartilage: and that in-
ftead of the incifion firft being longitudi-
nal, and then tranfverfe, both the integu-
ments and cartilage fhould be cut
through longitudinally at once.

Py Several.
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Several are the advantages derived from
this mode of operating. Firft, no danger
can then arife from the want of anatomical
knowledge.- Secondly, the covering being
‘here very fuperficial, little blood will be
-Joft, and the little that does efcape, cannot
get into the windpipe. Thirdly, the curved
pipe can be very well fecured, in order to
.carry on inflation and collapfe, Fourthly,
if our attempts to recover be fuccefsful,
keeping the head naturally ere, will be the
beft pofition to approximate the divided car-
tilage ; and laftly, that the recurrent nerves
gré in no danger of being divided. The
-only.inconvenience to be dreaded from this
~manner of operating, is that of committing
-an injury on the facculi laryngis, and thus to
.incommode the voice ; but thefe are fecured
from danger, by cutting through the mid-
dle of the cartilage; and an union will be

as
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as completely effeGted, as if the trachea it-
felf had alone been divided.

The furgeon ftanding at the right fide
of the patient, thould perform the opera-
tion by putting the integuments on the
firetch with.the thumb and forefinger of
 the left hand, ‘a longitudinal incifion is then
to be made. immediately over the thyroid’
* cartilage, ‘into'which .may be inferted the
curved pipe that was intended to be intro-

duced into 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 in-
troduced into the -windpipe, that is con-

nected with the other apparatus.

To the curved pipe for the trachea is to
be fixed ong extremity of the flexible tube,

(Fig.
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(Fig. 2. A); and the other end (5.) be at-
tached to the inftrument, (Fig. 3. c.)
which may be fixed to the nozzle of any
pair of bello;vs.

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-
vents any air from efcaping at the noftril
and mouth; or from the apetture, if any
has been made in the trachea.

The bellows are now to be employed,
until the cheft is elevated ; and the Medical
Affiftant, having the eleftrical machine
prepared, is to place one dire@or between
the fourth and fifth rib of the left fide, and
the other between the fecond and third of
the riglit; {o that the eleGrometer may
difcharge the jar, and the fhock be made to

pafs
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pafs from the apex of the left fide of the
heart to the bafis of the right.

When the ele@rical ftroke has been once
more repeated, the affiftant, who has the
care of the mouth and noftrils, is now to
remove his hands, and prefs firongly upon

the cheft ; the bellows are Again to be im-
" mediately employed, and another fhock
‘being prepared, the heart is to be thus fti-
mulated twice or thrice, and the lungs col-
lapfed as before.

If the heart retains any irritability, the
cffe of this treatment muft be evident;
for the collapfe of the lungs being re-
moved, the contrations of the heart are
renewed, a free paflage is -openec‘l(f;br the
blood, and air is admitted to give it the
change. But as the aQions of the heart
may probably not be fufficiently powerful

to
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to propel the blood completely through

the lungs, it betomes neceflary to have re-
courfe to the collapfe, in order to effet this,
We therefore,after having inflated the lungs,
and ele@rified the heart, prefs upon the tho-
rax, in order toexpel moft of the air con-
tained in the lungé ; for fuppofing the lungs
‘have received but one ounce of blood
from the contra&ion of the heart, a cer-
tain degree of collapfe will get rid of half
‘of this blood; but if the collaple is in-
creafed, the quantity of blood that will
be acted upon will alfo be greater. This
appears therefore a matter of importance,
for the greater the quantity of blood that
is fent from the right fide of the heart to
the left, if at the fame time it has received
the wonted change from the air, the
greater undoubtedly is. the probability of
its exciting the left to ation, than when
only half the quantity is tran{mitted,

If
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If natural _refpiration be imitated with-
out ever attending to the collapfe of the
lungs, tilere can be little probability of
fucéefs, even fhould the heart be ele@ri-
fied during the expanfion of the lungs.
For if the pulmonary veflels are diftended
 with blood by the action of the right fide
of the heaft,-. without produéi;lg a collapfe
of the lungs, fufficient to enable them to
a&t: mechanically in emptying ,'thefe veflels;
there will arife nearly as great obftruction
to the a&tion of the heart as when the col-
lapfe exifted; for the pulmonary veflels muft
then be emptied as well as diftended by
the altion of the right fide of the heart
alone, which by this difgafe is foon ren-
dered fo enfeebled, as to be wholly inade-

quate to fuch an exertion.

By exhaufting the lungs, after the heart
has been made to a& dftring infpiration, the

collapfe
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co]/apfe will in fome meafure fupply the
abfence of powerful attion in the. right
fide of the heart; for all the blood the
lungs have received is by that means car-
ried to the left, by which we not only
gain the advantage of fending blood whick
has received its due heat from the air into -
the left auricle and ventricle, but moreover
the pulmonary veflels are again put in a fit
ftatc to receive more blood from the ation
of the right, and even a feeble contraction
of the heart will be capable of fending blood
into the pulmonary artéries, though a more
powerful one would be infufficient to propel

it into the pulmonary veins and left auricle.

‘M‘r. Field, a very ingenious mathema-
tical inftrument-maker in Cornhill, has
invented an inftrument (fig. 4.) which
may be fixed to the nozzle of a common
pair of bellows for the double purpofe of

inflating
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inflating and collapfing the lungs. (For
a defcription of which fee the explanation
of the plate.) But in order to produce
this effe@, it is neceflary that the valve
hole of the bellows be clofed by the in-
ftrument (Fig. 5.) by which means all
the air employed muft pafs through the
fmall aperture (d in fig. 4.) Hence the
operation of inflating and collapfing the
lungs neceflarily becomes a flow and te-
dious procefs, and m*hich may be confi-
dered as an imperfection 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 dephlogifticated air were at hand,
~~there can be no doubt but that it woyld
be far preferable to any other for inflating

the
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the lungs; but to procure it in fufficient
quantities at fo critical a period is nearly
impradticable, we muft therefore make
ufe of atmofpheric 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 inconvenience
enfues; for we need only fuffer a fmﬁll
quantity of air to efcape at the mouth after
é\*ery infpiration, and immediately throw
freth in by the bellows; and this procefs
is to be continued for about a minute;
when, if the thock is not yet ready, we
let go the mouth, and empty the lungs.
The heart from this may have been irri-
tated by the repeated infpifations, while
the lungs have not been fuffered to obftrut
the free paflage of theblood, and a frefh-
fupply of air has been introduced to give

it
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it the neceflary change; fo that. if the
heart has a&ed during this peripd, col-
lapfing the lungs will now ‘convey the
blood they have received into the trunks
of the pulmonary veins and left auricle.
This procefs is therefore to be purfued
where any circumftance prevents the fhock
of ele@ricity being given as foon as the
lungs are expanded, or WHGI‘_C no eletri-
- cal machine can be procuréd ; but as the
irritability of the heart cannot long be ex-
cited to. a&tion by the mere diftention of
the lungs, we think it of the higheft
importance that ele@ricity thould be em-

ployed.

It thould however be remembered that
every fhock given to the heart during the
collapfed ftate of the lungs, tends to
rob it of its vital power, without pro-

moting in the leaft the recovery; and let it

Q alfo
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-alfo be repeated, that the lungs from the
beginning are never to be fuffered to re-
main collapfed for a fingle minute; as the
heart may aé at that very inftant, and in
this cafe without effect;. for as every con-
traCtion is an expenfive operation to the
heart, if it has got rid of no portion of its
burden, the utmoft care fhould be taken
that the lungs be expanded at every {yftole
of the heart; and this can rarely happen.
from the ufual method of inflating the
lungs without at the fame time flimulating
the heart. 'When the heart has been once
emptied,. occafional fhocks may be trani-
mitted through other parts of the body
(care always being taken that the heart
partake of their influence, and that the
lungs be expanded) ; for ﬁir;lulating the:
extremities, may probably produce an ac~
tion in the arterial fyftem ; but it thould
be ever in our eye that the heart is to be

cor{ﬁdeied;
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confidered as the origin of circulation, and
whilft other parts of the body are elettri-
fied, care fhould be taken that the heart at
the fame time, partakes of the ftimulus.

In order to compate the difference of
the effe@s produced by eleGricity on the
heart, when the lungs are collapfed, and
thofe that refult from it, when the lungs
~are in a ftate of expanfion, the following

experiment was made.

EXPERIMEN.T,

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

Q.2 . its
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its twa fides; either as to quantity or

quality.

The heart was now elerified by
fmall fhocks, during the exiftence of col-
lapfe, and this was continued for five mi-
nutes, when upon' examination, it was
obferved that its action was evidently
leflened ; the left fide rather more dif-
tended than before, but the blood was

black in both auricles and ventricles.

The lungs were now expanded, and the
heart at this inftant eletrified ; after two
thocks had been given, they were collapfed;
again expanded and eleCrified ; and this
procefs was likewife continued five mi-
nutes. On examining the heart, both
fides were now found lefs diftended, their
-altion quickened, and the blood in the pul-

monary
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monary veins, left “auricle. and ventricle

completely florid.

The refult of this experiment, not only
proves the advantages of the ftimulating
power of eletricity on the heart, beyond
that of fmple inflation; but allo evinces
the fuperiority of adminifterifig it in the
diftended, over the collapfed ftate of the

lungs.

Whatever will excite the heart to expel
its black blood, and fupply the left fide,
and the whole arterial fyftem with blood,
that has imbibed its natural heat from the
air, muft be the means of cure, the moft
efficacious that can be employed ; and this
laft experiment feems to confirm the opi-
nion, that ele@rifying the heart during
the expanfion of the lungs, and then collap-

Q3 fing
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fing them, is the i%iefhod the beft calculated
to produce this defired effe&.

 With 'refg;e& to the eleftrical machine
the more compad,’ and at the fame time
the more powerful it is, the better; for as
the quantity, nécéjfary to be applied, muft
be determined by the jar and eleGrometer,
the more fpéedﬂy it can be filled, the bet-
ter. 'The fize of the jar neceffary for the
purpofe, fhould be about thirty inches of
coated furface ; and the eleGrometer placed
a little more than one third of an inch from
the jaf, the diftance of which may be gfa-'
dually increafed. It is better that the glafs
of the jar be thin, as the fhock will then
be pungent, for if the glafs is thick, the
' ﬂ‘rbke will be large and denfe; aﬁd it ap-
Pear's' probable, that the pungent ftimulus
would excite greater a&tion in the heart

than
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than one that is denfe, without being fo

liable to deftroy its powers.

All that appears neceflary in thefe cafes, -
for the purpofe of applying eleCricity is
the cylinder, a condu&or, jar, ele@trome-
ter ; wire and direors, in order to convey“
the fhock to the particular parts we with ;
and all thefe maybe comprifed in a box of
twenty inches in length, and twelve in
width; and as every medical man may
have occafion to make ufe of ele@ricity for
other purpofes, the expence will not be
thrown away, even fhould he never meet
with this moft fatisfattory employ of it,
the attempting or perhaps the aGtual reftor-
ing of the app;lrently dead to life.

There appears no neceffity for ma‘kingA
ufe of the infirument invented by Dr.
Goodwyn, for the purpofe of extralting

Q4 water
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water from the lim%gs-, as thofe who have
recovered frem drowning,. muft all have
taken in water, without its having pro-
duced any remarkable inconvenience ; and
as the extra@ing it would take up a confi-
derable time, we think it better as foon as
peflible to proceed to the diftention of the

lungs.

We fhall now inquire into the effe@s

preduced by the'application of warmth,

SECTION



SECTION X,
_’ Efeé?: gf Warmth.

IT has been the-uni'form' opinion of thofe
who have turned their attention and their
pens to the fubjedt of fufpendéd refpira-
tion, from drowning, hanging, and fuffo-
cation ; that the application of heat is ab-
folutely neceflary, and that it ought to be
made with the moft gradual, and nearly
infenfible increales. This idea feems to
have been fuggefted, by attendihg to the
good effects of warmth on torpi;l animals,'
and the manner that nature prefcribed,
was that of its being applied in the moft
gradual manner ; for where the body has

been frozen, a fudden application of heat.
has,
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has been found deﬁruﬁive, whereas a lefs

degree has proved beneficial.

It would be prefumptuous to deny that
thefe obfervations and precaﬁtions feemed
well grounded. But it muft however be
confeffed, that the deteCtion of any ftrict
{imilitude between the two difeafes, would
be attended with no fmall difficulty. In
the one, the wital principle is attacked
- merely by a fedative power, in the other,
it is endéngered by a collapfe of the lungs,
which not only prevents the free paffage
of the blood, butat the {ame 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-

“ your
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“ vour the recovefy moft éﬁ'e&ually, the
% application of heat thould be condu&ted
¢« on the fame plan nature has pointed out
¢ for torpid animals, It thould be applied
% very gradually and uniformly, and it
“ may be raifed to g8, but not further
s than 100. When the body is warmed
* uniformly, and the heat of the interior
“ parts about 98, we dire& our attention
« to the ftate of the thorax, and if the
¢ patient make no attempt to infpire, we

’

« proceed to inflate the lungs.” Nor does
this pratice appear to be altogether in uni-
fon with the Do&or’s own theory on the
nature of the difeafe, for external warmth
can produce no chymical change on the
blqod ; and as he afferts that the heart cannot
a& until a change has been produced, what
great expe&ations can we form of its being
attended with fuccefs. Moreover, this gra-
dual aPplication of heat muft engrofs no

inconfiderable
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inconfiderable portion of time, already too
~ precious, before the external heat can be
much increafed, and the acion alfo of the
mufcles of refpiration could rarely be re-
ftored before that of the heart..

We alfo are obliged to with-hold our
affent from Dr. Goodwyn’s opinion, where
he fays, that whilft the circulation of the
blood continues, the temperature of the
body may be raifed many degrees above
the natural ftandard without 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
internal animal warmth can ever be raifed
to g8 or 100 by the application of external
heat, in cafes where /fe & prefent, but

' where
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where circulation and refpiration are fuf-
pended. The warmth of the body in
health may be decreafed many degrees
without much inconvenience; but never
can be raifed more than three or four
above the natural ftandard, without pro-
ducing pernicious effe@s ; which, to guard
us againft, nature has prudently provided
two powers of refifting heat, while {he has
given us only one of génerating it. We
however perfetly agreewith Dr. Goodwyp,
that warmth is eflential, and 'that in its
application it fhould neither be fuddenly
nor irregularly increafed ; but we can on no
account deem it allowable, to wait for
any ncreafe of heat in the interior parts,
before the lungs are inflated, as it feems
impraﬁica}ble to increafe the 7nfernal heat,
‘before this end is firft accomplithed, un-
lefs irritability be abfolutely deftroyed,
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To -r'egulate the "application of this re-
medy, it does not appear neceflary to
afcertain the degree of heat on the external
furface of the body, and of the reftum,
{ince we can always judge of the warmth
of the atmofphere within five or fix de-
grees, and as water whilft in a fluid ftate
muft have its temperature nearly equal,
we only have to be cautious that the
warmth of the room be not at firft much
greater. But as it may be fome fatisfac-
tion to the Surgeon to know the degree
of heat remainiﬁg in the body, (fince the
greater the degree of heat, the greater
muft be the irritability;) it may not be im~
proper or unfatisfattory to bé’ furnithed
with a thermometer, and Mr. Hunter’s
feems the only one that is any way adapted
to the purpofe ; fince afcertaining the heat
of any part of the body, €xcept in canals,
cannot be of the fmalleft utility.

- A Ther-
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A Thermometer feems alfo neceffary for
regulating the increafe of heat, fince our
fenfations are more likely to deceive us
afterwards than at firft; and it is of im-
portance that the warmth be not vé;y
confiderable: perhaps 70 degrees of Fahren-
heit’s fcale, is as much as fhould ever be
applied, fince to fupport any degree above
this produces a wafte of ﬁrengfh, which
on the contrary we fhould endeavour

to obviate.

Warmth thus applied is certainly high-
ly “expedient, and its effe@ts on the fy-
ftem 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 ftimu-
late the folids; but by the application of
ﬂenﬁbie heat to the furface of the body,
the heat of the animal is prevented from

being
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being fo foon carried-off; and thusin fome
meafure fupplies the place of that latent heat
which naturally is abfotbed by the blood ;
for although heat be abforbed from the air
in a latent form, it is given out to the
fyftem in a fenfible one. Let it not, how-
e{rer, be underftood that warmth is to
effe® a cure of itlelf ; for we havé re-
peatedly mentioned that the collapfe of
the lungs has caufed an obftruction to
the paflage of the bleod ; and before cir-
culation can go on, this obftrution muft
be removed, and the blood furnifthed ‘with

its ufual ftimulus and change.

Various are the modes of applying
heat to the body ; warm bath, warm
grains, &c. but thefe are means more
eafily direted than procured or put in
execution ; and there is only one advan-
tage attending them, that of applying heat

more
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more univerfally. Even this is counter-
balanced by a greater obje&ion, as it pre-
vents us from having recourfe to frictions,
and permits fuch’ a length  of time to
elapfe before either warm bath, or grains

can be procured.

- The more advifeable method therefore
may be, to place the patient on a mattrefs
‘or bed at a proper diftance from the fire,
where every other operation, that is
thought proper, can be carried on at the
fame time; and the readinefs with which
‘warmth can be thus applied, muft c;:rtainly

be a convenience,

We propofe next to enquire under what
circumftances fritions may be ufeful.

R SECTION



SECTION XL
Effeéts of Frictions.

IT is with great propriety Mr. Kite has
limited the ufe of fritions; at the
commencement of the curative operations
they muft be produ@ive of infinite mif-
chief: for the right fide of the heart being
already overloaded with blood, we are by
the ufe of friftions increafing its quantity:
and it fcarce can be doubted but that this
pra&ice has contributed in many inftances
to fruftrate the moft fuccefsful treatment,
by producing an over diftention, and con-
fequently indire@ debility of the right fide

of the heart. With a view to afcertain by ex-
2 periment



(227 )
periment the effects of early fritions, the

following one was made.

ExpeErRIMENT.

A Cat was ﬁrangled'; “and after it
had ceafed to breathe, the body and
extremities were thoroughly rubbed for
ten mmutes, the che{’c was then ‘opened.
On examining the ‘heart, the rlght fide -
was found fully diftended, and the left ra-
ther more fo than ufual, without é;ny fign

of a&ion in either.

An opening was then made in the in~ -

- o
ferior ¢ava, fo as to let out a portion of
blood ; and the adion of the right fide

of the heart was foon renewed.:

This experiment was repeated, and
it invariably refulted, that the more
Rz ~ the
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the right fide of the heart was diftended,
the weaker was its ation, and that by
letting out a quantity of its blood, the
a&ion was reftored ; and where no a&ion
- was evident, diiring the diftention, it was
generally renewed by removing part of the
blood from the heart.

It 1s hdwever with friction as Wi&h elec-
tricity ; if made ufe of at one time, it may
tend to deftroy life, and at another it may
greatly affift in the recovery. - |

In our furvey of the common effects of
fufpended 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 altion of the aorta and arterial {yftem
is fufpended from a decreafe of the due fti-
.mulus in the ‘blood,'and that the veins

‘have
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have little or no contra&ile power of their
own; when once the right fide of the
heart has been enabled to rid itfelf of a
porti:m of its contents by the plan men-
tioned inthe eighth fe@ion, we fhould then
proceed to fritions, as a fubftitute to the
natural a@ion of the arteries in health, viz.
that of propelling the blood onward, and
- producing a vis a tergo on the blood in the
-veins. The right fide of the heart being thus
in part emptied, is again pretty rapidly dis-
tended by the application of fritions, which
fhould be continued as long as eletricity
is employed; but when from any caufe
we are prevented from ele@rifying, we
fhould be fparing and cautious'in the ufe

of friéﬁons, left by over diftention we de-
~ ftroy the a@ion of the heart. From fric-
- tions made ufe of as a ftimulant, little or no

advantage can be expected.

R 3 The
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- The excoriations produced by the appli-
cation of falt, brandy, * volatile alkali, &c.
“muft be exceedingly troublefome after re-
covery ; this obje&ion however fhould
have but little weight were any real advan-
;’ftagc derived from their ufe; but the ap-
plication of ftimuli to the eyes, noifes
to the ear, acrid liquors to the tongue and
palate, fternutatories to the noftrils, fcari-
fications to the fkin, and the a&ual cautery,
are not only horrid in the very idea, but
muft }undoubtedly contribute to extinguifh
the little that remains of animal life, rather
than to rouze or re-eftablifh 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 collapfe of the
lungs, viz. the deftru&tion of irritability.
The idea that fuggefted fuch applications
muft have arifen from {uppofing the animal
powers to be only in a ftate of torpor, with-

out



(- 231-)
out confidering that there exifted a caufe,
without the removal of which all thefe at-
tempts muft not only prove fruitlefs and
abortive, but even deftructive to life much
fooner, than if no remedy at all had been

L.

employed. 3 a»

There appears to be an objetion to the
ufe of vitriolic acid with oil, or any appli-
cation that produces an unknown and par-
tial degree of heat. It may be prefer-
able as a medium for friction, to make ufe
of a little common oil or lard, which will
rather prevent than occafion excoriations, at
the fame time that it anfwers every other
purpofe and intention; for the principal end
to be obtained by friGtions is by means of
their mechanical a&ion, and any medium
that will facilitate this, appears preferable to
thofe applications which ftimulate and gene-
rate heat, for as much warmth as is deemed

R 4 requifite
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réquiﬁte inay be applied to the body by
more certain and lefs difagreeable means.
Nor fhould it be forgotten that the circula-
tion even in health, is moft languid at the'
remote parts of the body ; confequently
-the fritions thould be chiefly applied to
the upper and lower extremities, and the
body fhould be occafionally rubbed, where
it does not interfere with the ele@ric
fhock. |

We thall next examine jnto the effects

of Enemas,

SECTION



SECTION X

Effects of Enemas.

i
v

AS tobacco thrown up the reQtum in
the form of fmoke was one of the firft
remedies employed in fufpended refpira-
tion, and as we fee, to cur great regret,
that it is fill too frequently made ufe
of, we fhall endeavour, by a few ani-

madverfions on its effedts, to profcribe its

continuance,

Mr. Kite, I believe was fhe firt who
reprobated the ufe af tobacco; and the
arguments he adduces in fupport of his

opinion are truly ingenious,

The
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" The hiftory of medical errors, fearce
affords an inftance of a more blind and
obftinate prejudice, than that which fill
induces us to adopt a mode of pratice fo
obviéﬁﬂy deftrucive. It is alually ex-
hibiting a poifon, that aéts as moft other
vegetable poifons do, by producing fuch an
extreme degree of debility as no powers
of life can fupport ; and there can be fcarce
any rathnefs in affirming that fuch quan-
tities - of tobacco have been adminiftered
in this difeafe in the form of fmoke, as
would have exhaufted the vigour of a
healthy horfe. And indeed can there be
any thing more evidently improper than
fuch a praltice? We might with as much
“propriety recommend tobacco in {fyncope,
.or in a typhus fever, as in fufpended re-
fpiration from drowning, &ec. nor can
there be the leaft doubt entertained of

the



(235 )

the effets it would produce in either of
thefe difeafes. '

When we confider the effeé‘c; that a
drachm of tobacco in infufion has upon
the fyftem, when given folely to produce
a temporary debility in hernia, &c. one
would {carcely crédit that any perfon ac-
quainted with this effe&, could’ even thigk
of adminiftering eight or perhaps twelve
times this quantity, when the powers of
life are reduced to their loweft ebb. Tt is
really an indelible ftigma on the profeflion,
that while we cannot but obferve the dele-
terious tendency, even of a fmall quantity
of it, on one difeafe ‘where we with to
~ reduce the ﬂi‘ength; we neverthelefs em-~
ploy it by wholefale in another, where
~fcarce a fpark of life remains unextin-
guithed ; w1th headftrong inattention we

have
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have perfevered in its ufe, wuhout ever
aﬂ;m‘r ourfelves this neceflary queftion—
What are we rationally to expet from {uch
a remedy? This, indeed, is quackery in
the higheft degree,

A

‘When examining the effe&ts of medicines
thrown into the ftomach after refpiration
had ceafed, it was found that their adtion
wwas far lefs powerful than whenadminiftered
in full health;'and' it is a fortunate cir-
cumftance indeed, that their operations are
regulated by fuch a law; for if medicines
produced the fame effedt in this difeafe as
during the unlmpmred vigour of the na-
tural fun@ions, it may without hefitation
be declared, that no one could:ever have
been recovered where tobacco had been
employed in quantities eql'la.l to what has
been recommended. Tobacco injected

inta
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intg the ftomach will of courfe produce
more violent effe@s than when thrown up
the reCturg; but when the quantlty em-
plo dd is perhaps equal to two ounces,
the ®ffets muft be as v1olent, if not more
{o, than a fixteenth part injeCted into
the ftomach.

In order more accurately to determine
the effecs of tobacto. enemas, the following

experiment was made,

EXPERIMENT.

A full grown cat was drowned, and the
cheft beipg immediately opened, the heart
‘was obferved to act ftrongly ; fix drachms
of tobacco were thrown up the reCtum in
‘the forr‘n’,of fmoke, but before the herb
was half cf)nfumed, there remained fcarcely

3 any
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any action in the heart; and - after jthe
whole had been injected, all a&ion ceafed
to be v1ﬁble, (thhout applying the ftigulus
of ele&ncﬁy) Mr. Kite has - fubfbtuted
in the place of tobacco, fome aroylanc
herb; if we are to make uf€ of glifters at
all, this were Cer&ainly ~ preferable, « but
what great advantages are to be expetted

from them, is no ealy matter to difcover.

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

mas of any kind.

It thould alfo be remembered that ene-
mas ought to be‘fmall in bqu in orderdo
render them 1nnox10us for: fmoke and
fluids of all kinds, when given in large

quantities,
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quantxtles, will dlﬁend the inteftines ; the
refult of ‘which will be, that thelr mechanical
effet i in pre‘zntmg ‘the eafy defcent of the
dlaphragm, will neceflarily be produ&ive
of mifhief. Warm enemas may have the
falutary effe@ of flightly ftimulating the
inteftines ; and the heart alfo from {ympa-
thy, may poflibly have its action in fome
{mall degree increafed, but if tobacco be
einploye:d, the oppefte effe@ muft arife,
and as fympathy is fuppofed to be greater
‘between the heart and ftomach, than be-
tween the heart and inteftines, it were
better to inje& fome warm aromatic, into
that vifcus, than into the re&tum; but in-
flation, ele&ricity and fri&ioxi‘s,_ought.bj;
no means to be kneg‘lkeé‘ced to make room

for fo ineffe@tual a remedy.

Havingﬁﬁcag&in'éd the merits of the re-
‘medies ufugpy employed in fufpendizd
refpiration,
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refpiration, and recomniended'_fuch‘as are
countenanced by enquiry and experience,
it may not be deemed unnecgflary to fuba
join anvaccount of the method of conduc=
ing the treatment,

SECTION



SECTION XIII
Metbad. %f Cure.

THE plan of treatment generally to be
purfued has been laid down fomewhat at
large in feparate fections, but it may not
be unfatisfaCtory to the praé‘utloner, in
thefe cafes, to fee the whole contra&ted
into an abridged form, and. placed in a

nearer and clofer point of view.

As a few minutes in this difeafe make
a material difference as to the probability
of recovery, we think it of fufficient im-
portance to remark, that the eletrical
machine and the apparatus for artificial
refpiration, fhould be kept always at hand,
and in readmefs. o , _
S As
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As foon as we have feen the body,
we fhould requeft that no more fpeQa-
tors would be prefent than are abfolutely
neceflary ; which we conceive may be
eight or nine in all, including the Me-
dical Affiftants; two to ‘have the direc-
" tion of the cheft, one to turn the ele&rical
machine, one to dire& the fhock, four to
apply the fritions, and the other to affift
occafionally. This number will be fuffi-
cient for anfwering every purpofe, and a
greaier would rather embarrafs, and only
“ contribute to phlogifticate and render the

air lefs fit for refpiration.

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

Having
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Having prepared the bed, or ‘mattrafs,
on a table of convenient height, the body
is to be placed on it with the head a little
clevated. Five or fix ounces of brandy,
rum, or fome other warm aromatic fhould
be thrown into the ftomach, by means of
the vegetable bottle and pipe; and the
ivory dire€tor pafled to the farther part of
the mouth, {o as to clofe the fuperior aper-

ture of the cefophagus.

If the patient feemsrplethOric, and mére
particularly if the difeafe has been occa-
" fioned by hanging ; bleeding thould be em-
ployed, and that as one of the firlt reme-
dies ; nor fhould the application of a pro-
per degree of warmth be neglected.

The curved pipe being then introduced
into the trachea, and fecured by an affift-
ant, and the flexible tube, &ec. being at-

S 2 tached,
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. tached, the lungs ought as foon as poffible
to be inflated ; and the ele@rical machine
being prepared, one direCtor is to be ap-
plied between the fourth and fifth rib of
the left fide, and the other between the fe-
cond and third of the right; when the
eleGrometer is to be placed a little more
than one third of an inch from the jar, and
the ftroke given. The eleftrical fhock is
to be repeated once or twice, and the affift
ant, who prevented the air from efcaping
by the noftrils and mouth, then fhould
'xemove his hands, and prefs the cheft, and
immediately after expand the lungs, for the

hearg to be again ftimulated.

If any impediment fhould prevent the
introduction of the pipe down the trachea,
bronchotomy thould be directly performed,
in the manner defcribed in Se&ion the

ninth,
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ninth, and the curved pipe inferted into

the trachea at this aperture.

When the lungs'-'ha‘v"e been threé or four
times expanded and collapfed, fridtions are
to be had recourfe to; thefe, together with
the procefs of expé.nding the lungs, and at
the fame time ele&rifying the heart, and
then again cbllapﬁng them, are to be conti-
nued four hours without intérmifﬁon, un-

lefs natural refpiration be reftored.

In fome cafes where the living powers
are remarkably languid, it may be’
advifeable to continue the ufe of elec-
tricity, and gentle friGtions, even after
refpiration is renewed, as there have been
inftances of momentary and tranfient re-
coveries: the ill fuccefs of which may be
conceived to arife either from the heart
not poflefling fufficient irritability to carry

8 3 on
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on the 'circulation, or f1-om" want of a
fupply of blood to the right fide of the
heart after it has been once emptied.
Both thefe obftacles may be removed by
aflifting the heart and arteries to perform
their refpective functions, after the muf-
cles of refpiration haye been ftimulated
to altion,

If unfortunately no ele@rical machine
be in readinefs, or at hand, the method
of performing artificial refpiration fhould
be altered. When the lungs are expanded,
the affiftant, who has the charge of the
mouth and noftrils, fuffers a {mall quantity
of air to efcape, while the other affiftant con-
tinues to throw in a frefh fupply : this pro-
. cefs thould be protracted for about a minute,
when the hand is to be removed from the
mouth, and the cheft prefied, to completethe
cpllapfe, It cannot be too frequently in-

culcated,
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culcated, that the lungs are never to be
fuffered to remain collapfed; for all our
endeavours and attempts to effe& a reco-
very, fhould the lungs be permitted to
continue in that ftate, muft ultimately prove

fruitlefs and ineffeGual.

We cannot better conclude the prefent
differtation, than by briefly recapitulating
_the principles and obfervations which form

its bafis and fupport.

S 4 " CON-



CONCLUSION.

*

Y

F R OM what has been obferved it

appears,

1, That during the a&t of drowning
the animal emits air from its lungs, and
in its attempt to infpire, a fmall quantity

of water enters the lungs and ftomach.

2. That, after the laft expiration, the
lungs are found nearly collapfed, contain-
ing a [mall quantity of froth, but very

little air.

3. That the quantity of blood found
in the right fide, is nearly double that

contained in the left.
4. That
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4. That the blood contained in both
fides of the heart is of the colour of

venous blood.

5. That, whether the heart be examined
during its contralions, or after they have
ceafed, no perceptible difference is found

in the proportions.

6. That the a&ion of the heart furv1ves

the periftaltic motion of the bowels.

7. That the veflels of the head exhibit

no extravafation, nor even. diftention. *

8. That where refpiration is fufpended,
from ordinary hanging, t'he'anAimal has the

power of expelling air from its lungs.

g. That



( 250 )

9. That ,althdhgh the mufcles of expira-
tion perform their office, no power can be

applied to open the trachea to admit air.

10. That as no air can be received, the
animal dies with the fame collapfe of the

~ lungs from hanging as from drowning.

11. That the quantity of blood in the
two fides of the heart bears nearly the fame

proportion in hanging as in drowning.

12. That there is very little differ-
ence in the continuaﬁée of the irritability
~ of animals after hariging from its continu-
ance after drowning ; but the veflels of the

" head are fomewhat diftended in the former.

13. That animals immerfed in impure
air do not appear to make a full infpira-
tion,
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tion, but like animals immerfed in water
reje it, as foon as a fenfation is produced-
in the trachea, which feems tQ make
them confcious of not being in their ufual

element.

14. That the muicles of expiration con- ~
tinue to a& till they have expelled all the
air from the lungs, which they have the

power of a&ing on. -

15. That the fame collapfe of the lungs
is produced from fuffocation, as from .
drowning or hanging; and the. contents
of the right fide of ‘t’he; hearfw bear nearly
the fame proportion to thbfe of the left.

16. That animals deftroyed in impure
air are fooner deprived of their‘ irritability
than when refpiration is fufpended from
dlownmg or hanging.

17. That
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17. That aniﬁgﬁls deftroyed by nitrous
air foon grow Miff and inflexible, fome-
times even before the heart has ceafed to

vibrate.

18. That the veflels of the head contain
lefs blood after fuffocation from impure

air, than after hanging.

19. That in ordinary refpiration and cir-

culation, the lungs are paflive.

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

21. That the blood imbibes lefs or more
latent heat, in proportion to the degree of
fenfible warmth applied to the furface

of the body. '
2 22, That



( 253 )
22, That although the temperature of
the florid blood in the left fide of the heart
be at firft lower than that of the right;
yet its fenfible heat foon becomes greateft.

23. That this circumftance favours the
idea of heat being abforbed from the air
in the a& of refpiration.

24. Thatas foon as the blood has under-
gone the change in the lungs, it is ren-
dered fit to fupport the heat and irritability

of the animal.

25. That heat is not only evolved from
the blood as it pafles through the capillaries,
but that the fame procefs continues

throughout the whole circulation.

26. That the ftimulus which excites the-
heart to a&, is the fame in all its cavities;
and this principally is diftention.

' , 27. That
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27. That in the feetus both fides of the
heart a& from the ftimulus of black blood.

28. That the intent of the foetal and
adult change is the fame, viz. that of fup-

porting animal heat-and irritability.

29. That this change is effected in the
feetus, by the blood pafling through the
cells of thelplacenta, and the veflels coming

in contra& with the maternal arterial blood.

30. That fo much phlogifton * is im-
parted to the maternal from the foetal

blood, and only fo much latent heat

# Tt thould have been remarked before, that, whe-
ther the do&rine of phlogifton be eftablifhed or not,
thé theory of animal heat being derived from refpira-
tion, may ftill be fupported, as every phenomenon
refpeCing this doctrine can be equally well explained
without employing the term phlogifton.

' : " evolved
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evolved from the maternal to the feetal, as
is neceflary to reftore the equilibrium of

heat and phlogifton.

31. That as the foetus is furrounded by
the warm medium of the liquor amnii and
mother, very little heat can be confumed,
and therefore an abforption of heat equal

to that of the adult is not neceflary.

32. That the foetus only poflefles one
power of refifting heat, and as the heat to
~be imbibed by the fostal blood is always
- limited, and as it is always furrounded
by an uniform degree of temperature,
the feetus ftands in no need of the
power of refifting heat, or generatmg cold

by evaporation.

33. That the feetal heart contains only
a fmall portlon of blood that has been to the

placenta ;
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placenta; and as this blood can receive only
a pértial change, and as even the greater
part of that fame blood muft firft pafs
through the capillaries before it arrives at
the left auricle and ventricle ; morever,
“as that which does not pafs through
capillaries mixes with venous blood, it
follows that the left fide of the feetal heart
contra&s from the ftimulus of black blood.

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

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

36. That
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36. That although the blood in the foetal
heart and arteries be black, yet, like the
blood of the adult in the right fide of the
heart and pulmonary artery, it muft ftill
p;)ﬂ'efs a portion of latent heat, which it
continues to evolve, in order to keep up
the temperature and irritability of the

whole animal.

37. That in fufpended refpiration from
drowning, &ec. the right fide of the heart

continues to aé after the left has ceafed.

38. That the teafon of this difference
is not that the left fide of the heart is in-
‘capable of being ftimulated by black blood ;
but from this blood being eflentially dif-
ferent in quality from that of the right.

39. That this difference of quality
in the blood of the left fide of the heart
T depends
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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
heat in a latent form, which it fill con-

tinues to evolve.

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

likewife be greater.
41. That the fimulus of diftention

being greater in the one than in the other,

will tend to produce a difference of aion.

42. That
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42. That as the right fide of the heart
poflefles more irritability in this difeafe
than the left; and as the ftimulus of dif-
tention is alfo more powerful at the right
fide than at the left, it will be capable of
continuing its a&ion when no effe is

produced on the other.

43. That although the heart may de-
rive its heat in health, principally from the
blood in the coronary veflels ; yet the
blood in the cavities of the heart will be
alfo capable of evolving heat, and more
efpecially when ftagnation takes place in
- {fufpended refpiration.

44. That if the right fide of the heart
poflefled the blood of the left; and- the
left the biood of the right, the degree of

irritability muft be reverfed.

T 2 45. That
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~ 45. That if the right fide of the heart
in fufpended refpiration, had the irritability
of the left, and the left the irritability of
the right, we fhould fcarcely be able ever
to effeét a recovery. '

46. That as foon as the a&ion of the
left fide of the heart is increafed by the
ftimulus of florid blood, the right alfo ads
more powerfully.

47. That this depends on the coronary
veflels being fupplied with blood, that has
received a -vquaﬁtity of heat from the air,
and which thefe veflels diftribute alike to
theright, and the left fide, and confequently
give an equal increafe to the irritability
of both.

48. That the heat and irritability of the
heart, being then the fame, the ftimulus
| 3 of
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of diftention will produce an equal

ation.

49. That the heart can be made to ac
after refpiration has ceafed, from the fli-
mulus of ele@ricity, while no altion can be
excited in the external parts from the fame

caufe,

so.That as ele@ricity is capable of
producing action in the heart, when it has
no effe& on the exterior parts, and as life
aQually exifts at this period. It would
lead to moft pernicious confequences to
conclude that life was totally extin&, from
no external a@ion being produced by elec-

.

tricity.

c1. That as the difference of irritability
"in animals of the fame order, depends

T 3 . more
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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 irrisability, from

the heat of the animal being above that of
| the atmofphere.

52. That as ele@ricity has been found
incapable of producing external a&ion,
when the heat of the animal was much
above the temperature of the furrounding
medium, it proves that animal heat and evi-

dent irritability are by no means coequal.

- 53- That although heat and irritability
are not coequal, yet the greater the degree
of heat, the more will be the irritability -

of any particular animal.

'54. That as the heart is confidered as
the origin of circulation, there is a proba-
bility
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bility of recovery, fo long as the heart can
be made ‘to act; although external irrita-
bility may not be manifefted by the teft of
elefricity. “

55. That it will ever be better to have
no criterion to judge of the abfence of life,
and make ufe of every means of recovery,
in every inftance, than to rely on an im-

perfe& and hazardous prognoftic.

56. That when the lungs are inflated
foon after the laft expiration, both fides of
the heart will immediately act.

€

57. That this probably proceeds from
the irritability of the heart being flill fo
great as to be fimulated to aftion by the
mechanical irritation of the lungs, as in
proportion to their expanfion, will their fur-
face prefs upon the two fides of the heart.

58. That
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§8. That in fufpended refpiration,
from drowning, hanging, and fﬁﬂ'ocation,
as the collapfe of the lungs begins, the im-
pediment to the paffage of the blood

through them commences.

s9. That when the laft expiration is
made, the interior pulmonary veflels are
collapfed, and contain but a {mall quantity
of blood.

60. That if even a change be produced
on the quality of this blood, the quantity
is fo {fmall, that unlefs the right fide of the
heartbe firft exc¢ited to a&ion, the motion of

‘the lungs alone will be unable to propel
this blood into the left,

“61. That by inflating the lungs, we can-
not alter the quality of the blood in the
4 o trunks
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trunks of the pulmonary veins and left
auricle. i

62. That the right fide of the heart can
propel blood to the left, immediately after
the laft expiration, independant of the me-

chanical action of the lungs.

63. That as the heart can perform this
fun&ion after refpiration has ceafed, it ap-
pears that the lungs have naturally no ac-
tive power of propelling the blood

onward.

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
effe@ted, and as a quantity of blood of the
fame qu;lity has already pafled into the ar-
terial {yftem, it evidently follows that the

© left
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left auricle can and does a& from the fti-
mulus of black blood.

65. That as an animal when immerfed
in warm water, may be drowned with its
blood fomewhat florid, it neceffarily fur-
nifhes an obje&ion to the opinion, that
the adtion of the left heart ceafes from the
prefence of black blood.

66. That as in drowning, &c. the im-
petus of blood to the head is checked
immediately after the obftru&tion to its
return takes place, no injury whatever

can happen to the brain.

67. That if apoplexy did actually take
place, we fhould never be able to bring
about recovery after refpiration had once
ceafed, fince we frequently fail of re-
moving common apoplexy dufing the ex-

2 iftence
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iftence of refpiration ; and in drownlng, &ec.
we find no extravafation. That as no extra-
vafation takes place in the head, if apo-
plexy were to exift, it thould be folely at-
tributed to the diftention of the veflels.

68. That as mere diftention is ca-
pable of bringing on only a very mild
fpecies of apoplexy, which does not for
many hours, and fometimes for many
days, produce its fatal effect; and ason the
contrary, apparent death from drowning,
hanging, and fuffocation, takes place in a
few minutes; it certainly follows that this
difeafe and apopléxy are as eflentially dif-
ferent as any two difeafes to which the hu-
man body is expofed.

69. That the immediate caufe of the
fufpenfion of circulation is not tbe prefence
of black blood in the left fide of the beart,

neithe}ﬂ
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neither i8 it the want of motion in the lungs,
but it ariles from a collapfe of the pulmonary
veffels, which produces a mechanical obfiruc-

tion to the paffage of the blood.

70. That the i)roximate 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 be re-

-

moved thé difeafe will ftill continue.

71. That the mechanical obftru&ion
from collapfe muft firft be removed, before

the chymical effets can take place.
»2. That emetics in this difeafe are im-.
proper, before the circulation is re-efta-

blifhed.

73. That
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73 That even then they fhould only
be exhibited where the ftomach is
known to have been overloaded previous

to the accident that produces the difeafe.

74. That all medicines introduced into
the ftomach, produce a lefs effett after re-
fpiration has ceafed, than during the heal-
thy actions of the animal; and that in
this difeafe, all that appears neceflary to
be done is to inje& of fome warm

cordial, fuch as brandy, &c. into the fto-
mach. '

~

75. That as in fufpended refpiration,
from hanging, there will fometimes be a
plethora in the head, as well as in the
right fide of the heart, bleeding will then
‘be more freqﬁently neceﬂ'ary' than after
drowning and fuffocation.

26. That
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56. That the degree of plethora in the

head will greatly depend on the weight
and bulk of the fubje&.

77. That asin drowning and fuffocation
the right fide of the heart only is in a ftate
- of plethora, and as this cannot be relieved,
this operation fhould never be performe.d
unlefs it appears that there is too much

blood in the fyftem for the folids to a&
upon.

78. That when bleeding is judged re-
quifite, it fhould be performed on the jugu-

lar veins in preference to any other.

79. That when bleeding is deemed ex-
pedient, it thould be one of the firft remedies
employed.

~ 80. That
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- 8o. That fhocks of eleéricity paffed
through the heart, brain, and {pinal marrow,
without the collapfe of the lungs being at
the fame time removed, muft tend rather to

deftroy than reftore the principle of life.

81. That imitating natural refpiration
without frequently producing a collapfe
of the lungs is of little avail ; for the di-
ftention of the pulmonary veflels occa-
fioned by the acion of the right fide of the
heart, will form nearly as great an ob-
ftru&ion to the paflage of the blood, as if

the collapfe continued to exi{f’c.

82. That the uncertaintyof {uccefs which
has hitherto attended the cafes reported
by the Humane Society, has probably
been in a great meafure occafioned by the
method that was adopted of éondu&ing
the artificial refpiration.

) 83. That
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83. That the advantages to be derived
from artificial refpiration, are to procure
a contra&tion 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 renewed its ftimulus

from the air.

84. That in order thoroughly to ac-
complifh this end, we are to expand the
lungs, and when expanded, to flimulate
‘the heart by a fmall fhock of ele&ricity ;
we are then to collapfe them, and again to

inﬂate.

85. That from this mode of proceeding,
if any irritability remain in the heart, the
right auricle and ventricle will be fi-
mulated to a&, and propel fome of its
blood into the lungs, where it meets with

a free
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a free paflage, and air to impart to it its
due ftimulus and heat; the blood thus duly
éhanged, will, by means of the collapfe,
excite the left to get rid of its burden, and
furnifh it with a freth fupply endued with

the proper _ﬂimﬁlhs.

86. That if no ele@rical apRai‘atus be
in readinefs, we fhould then alter our

method of artificial refpiration.

- 87. That the lungs fhould be diftended,
and after allowi_h'g‘a: {mall quantity of air to
efcape, the infpiration fhould be repeated ;
and this procefs of fuffering, after each
inflation, a little air to efcape, (or, in
other words, imitating natural refpiration)
thould be continued about a minute, when
we are to- exhauff the lungs ; {o that there
thould be but one complete ‘expiration

here to {feveral infpirations. ,
U - 88. That
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88. That the intention of this pracice is,
that as the heart may poflibly not contra&
more than twice or thrice in a minute,
the blood may find a free paflage whenever
it happens to a&, and a freth fupply of
air to produce on it the neceflary change ;
and likewife that thefe feveral infpirations
may a&t as ftimuli to the heart, while
the collapfe helps to remove the blood the

lungs bave received.

89. That during the whole procefs of
the treatment the lungs fhould never be
fuffered to remain in a collapfed ftate for
a fingle minute. ,

go. That ele@ricity thould never be em-
ployed on any account without a conco-
mitant expanfion of the lungs.

91. That
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gr. That if the heart be excited to act
during the collapfe of the lungs, very
little more blood can pafs through them
than paffes in the feetal circulation, and
even this fmall portion teceives no benefit
from the air,

- g2. That the application of warmth
is neceffary, and that when firft applied
thould be about fix degrees. above that
of the open atmofphere, if this be below
70 of Fahrenheit. .

93 That we are on no account to wait
for any increafe of heat, before we inflate

the lungs.

- - 94+ That placing the body on a mat-
trafs or bed at a proper diftance from
the fire, is the beft mode of applying

U 2 warmth ;
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warmth ; as it neither embarraffes nor pre-

vents any other procefs that may be found

expedient.

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

96. That friGtions made ufe of as a
primary remedy are highly improper, as
they tend to deftroy the a&ion of the heart,

by promoting an over diftention.

~ 97. That fri&tions fhould never be em-
ployed before the lungs have been feveral

times expanded and collapfed.
2 ‘ 98. That
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98. That after the heart has been in
part emptied, friCtions are abfolutely ne-

ceffary.

99. That a little common oil or lard,
as a medium for the fritions, is preferable
to either falt or fpirits, or any other fti-

mulating fubftance.

~ 100. That the principal effe& to be
expeCted from fritions, is their mecha-
nical action in propelling blood towards
the right fide of the heart.

101. That tobacco in any form is highly
pernicious, and were this medicine to pro-
" duce fuch baneful effe@s 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 thig
remedy had been applied.

U 3 102. That
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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

flimulating ones fhould be preferred,

103, That their bulk fhould be fmall,
left by their mechanical action they prevent
the free defcent of the diaphragm, '

104. That inflating the lungs, eleftri»
fying the heart, collapfing the lungs, and
the application of frictions, are to be con-
tinued four hours, if our endeavours be

not previoufly crowned with fuccefs.

105, That ele@ricity and fritions are
to be continued even after refpiration is re-
ftared, if the powers of life feem unequal
to the ta'k,

106, Thag
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106. That the final intention of the
whole plan of treatment, is to imitate the

natyral circulation.

DESCRIP-



DESCRIPTION or tu: PLATE.

Fre., L

A large filver conical pipe to be intro-
duced into the trachea, either by the
mouth, or by an opening made in the
thyroid cartilage. A. the inferior extre-
mity; B. two lateral openings for the pal-

fage of the air; c. the fuperior end of the

pipe.

Frc. 1L

A fhort flexible tube for conveying air |
into the lungs. ea. the inferior extremity
to be attached to the fuperior one of the
filver pipe; B. the other extremity to be

conneéted
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eonne&ted with the contrivance (Fic. 3.
at c¢.) or attached to Mr. Field’s inftru-
ment (Fi1c. 4 at E.)

Fi1e. IIL

Reprefents a fhort conical brafs tube con-
‘neced with a conical piece of leather, to
receive the nozzle of any pair of bellows,
and by means of packthread to retain it in
its fituation. A. the brafs; B. the leather
portion, c. a female fcrew to admit the

fuperior extremity of the flexible tube.

Fre. IV.

Mr. Field’s infirument for inflating and
.collapﬁng the lungs. A. is a conical lea-
ther tube to be attached to any pair of
‘bellows ;' BB. is a brafs tul;e; c. is a ftop-~
per to the cock in which there are two

valves
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valves operﬁng in contrary dire@ions; D. is
~an aperture through which all the air is to
pafs to and from the bellows, (the valve of
the bellows being previoully clofed by an-
other inftrument reprefented in the next
figure) ; E. the inferior extremity of the
brafs tube to be connetted with the fupe-
rior end of the flexible tube, (at 8.) When
the ftopper ftands as is here reprefented
‘with I. (fignifying inflation) pointing to
the inferior extremity of the tube, the
lungs will be expanded, and when the
ftopper is turned half round, fo that [C.
(meaning collapfe) will be placed in the
fame diretion, the lungs will be ex-
haufted. In the one inftance by the a&tion
of the bellows, air is received at the aper-
ture D. and thrown into the lungs, but pre~
vented from :égurgitéting on account of

the valve.

3 In
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~ 'In the other, air will be received

from the lungs into the bellows, and

thrown out at the aperture D.

Fi1a. Vo

Is the invention for clofing the valve of
any bellows. A A. is a piece of iron to be
inferted into the valve-hole of any bellows,
which being placed acrofs, prevents its
being drawn out. B. Is a pivot on which
the iron part cc turns. DD.is a circular
flat piece of wood, (lined with leather,)
to cover the valve-hole, with an aperture
in its centre, to admit the iron cc. through
it. EE is a brafs nut, which is made to
fcrew on the iron cc, to retain the piece
of wood in its fituation.

Fie. VL.

A flexible tube (of the fame compo-
fition as flexible catheters) to be intro-

duced
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duced into the cefophagus, for conveying
fpirits, &c. into the ftomach. a. The
bulb and inferior extremity. B. the fupe-
rior. cc. is a conical piece of ivory, to be
paffed a {fmall way down the cefophagus by
the fore-finger, to prevent air efcaping into
the ftomach, and as a guide for the intro-
du&ion of the filver pipe into the glottis,
~ when bronchotomy has not been per-

formed.

Firc. VIL

Is a vegetable bottle, for injecting fluids.
into the ftomach through the flexible tube.
A. The mouth of the bottle to be at-
tached to the extremity of the flexible tube

at BI
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