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propelled into the arteries, and distributed over
the whole body by these channels, to nourish
every part of the structure. While it thus mi-
nisters to nutrition, it acquires a dark hue, and
flows out of the small vessels of which the body is
every where composed, into the veins by which
it returns to the right side of the heart, where it
passes through the auricle into the ventricle.
The blood in the right side of the heart, in the
veins, and also, as we shall see, in the pulmonary
artery, is dark, and is ecalled venous blood. On
the contrary, the blood descending through the
pulmonary veins to the left side of the heart, and
thenee propelled into the arteries, has a bright red
hue. Two changes of eolour therefore take place
in the eurrent of the circulation—one in the small
vessels of the body which reeeive red blood from
the arteries, and return dark blood to the veins
—the other in the minute vessels of the lungs,
which receive dark blood from the pulmonary
artery, and return red blood to the pulmonary
veins. The unprofessional reader will derive ad-
vantage from a minute account of this part of
the circulation, and I shall therefore describe it
with the greater ecare.

The dark blood returns from the tissues by
veins which gradually unite until they form two
great trunks, one ascending from the abdomen,
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respiration is suspended the circulation ceases, in
consequence of some impediment in the lungs,
and ignorant of the chemical changes produced
in the blood by respiration, conceived that the
obstacle encountered by the cireulation in the
pulmonary tissue was purely mechanical. They
attributed death, therefore, to the collapse or
corrugation of the pulmonary structure, by which
its minute vessels were compressed, and the cir-
culation in them arrested. As near an approach
was thus made to the true theory of Asphyxia
as the state of science would admit; and it is
wonderful that, on the discovery of the chemical
changes oceurring in the blood during respiration,
physiologists did not at once adopt the proper
explanation of the phenomena of Asphyxia, so
directly indicated by these celebrated men.
Subsequently, Kite, correctly rejecting the evi-
dence of mechanical obstruction, supposed the
alternate expansion and contraction (or * the
motion” of these organs, as he denominated it)
to be necessary to the progress of the blood
through their tissue, thus making a still nearer
approach to the truth. More recently, and after
an advance had been made by Goodwyn to a more
accurate appreciation of the importance of the
chemical changes produced in the blood by res-

piration, when considered in relation only to the
C
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and that especially the irritability of the heart
and muscles, and the powers of the brain and
nervous system perished, under its deleterious
influence. He supposed the organie life of all the
tissues to be thus extinguished by a poisonous tide
which penetrated them, and which exerted a fatal
influence on the most minute portions of their
structure. Had this theory of Asphyxia been
correct, vainly might we have expected any
auspicious results from attempting resuscitation.
No means, short of removing from the minute
vessels of the body that fluid, the qualities of
which were thus considered incompatible with
life, could have been sufficient to accomplish
resuscitation, which would therefore have heen
impossible. That the mass of the blood pervad-
ing the whole system, and every where employed
in sustaining vitality, should be converted from
a fluid abounding in vital energy into one destrue-
tive of life, was so hopeless a view of Asphyxia,
that it is wonderful that the fact of resuscitation
from apparent death having not unfrequently
occurred did not excite a suspicion, that a hypo-
thesis so gloomy, was incorrect. The theory of
Bichat, however, still retains its place in some
of the most recent writings of physiologists, and
it is of no small consequence to the interests of
humanity that its fallacy should be exposed.
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possesses little powerof ministering to the funetions
of the nervous system, it isnot positively deleteri-
ous; for it may be freely injected into the brain
without occasioning death, and, notwithstanding
the unnatural pressure exerted on this delicate
organ during the injection of this fluid with a
syringe—a rude operation at the best—the only
effect observed is some slight diminution of the
powers of the nervous system. We are obliged,
therefore, to reject the hypothesis that the venous
blood is utterly incompatible with life, though it
evidently possesses inferior stimulating and nutri-
tious powers, when compared with arterial blood.
This hypothesis rejected, the phenomena of As-
phyxia remain unexplained. The experiments
which overthrow the theory of Bichat also supply a
golution of the question at issue.

All the organs of the body consist of a con-
geries of small blood-vessels, denominated from
their minuteness capillaries. These vessels are
possessed of peenliar powers, by which, in a
healthy state, they only admit fluids of a certain
quality, and exclude those which are incompati-
ble with the functions of the part. They even
resist the forcible introduction of foreign fluids,
when injected with a syringe; by which means
a foree much greater than that exerted by the
heart is usually applied. Membranes, so thin as
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to be quite transparent, and not only lying con-
tiguously to each other, but closely united by
cellular tissue, circulate in their minute vessels
fluids of a totally different character; and some-
times different vessels, oceurring in the same line
of suceession in an organ, contain different fluids.
In the lungd, minute blood-vessels exist in an
exquisitely delicate net-work, forming the lining
membrane of the air-cells. In these vessels the
venous blood is exposed to the influence of the
atmospheric air. Here, its qualities are changed,
it loses its dark colour and acquires a bright red
hue, and hence, it is probable that the vessels in
which the arterial blood circulates must differ in
their peculiar sensibilities from those which propel
the venous blood. The laws generally observed
to regulate the action of the small vessels in
other structures would be violated, if the vessels
which usually eonvey arterial blood were also
able to convey, with equal facility, venous blood
in every stage of its changes, until it acquires its
darkest colour. When air is no longer inspired,
a considerable quantity of this fluid remains in
the pulmonary cells, and as long as this air con-
tains a certain proportion of oxygen, the blood
still undergoes its proper change in the pulmonary
vessels from the dark venous hue to an arterial
redness, and consequently, the circulation pro-
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ceeds with its ordinary activity ; but as the propor-
tion of oxygen is diminished, the blood ceases to
acquire the bright vermilion colour, and becomes
gradually darker. As this change proceeds, the
circulation becomes more feeble and slower at
each sucecessive step of the change, until when
venous blood enters those vessels which formerly
conveyed arterial blood only, this degenerated
fluid is no longer able to exeite their action, and
the circulation stagnates in the structure of the
lungs. The pulmonary veins then discharge their
last meagre supply through the left auricle into the
left ventriele, which propels its last and feeblest
tide into the arteries, in which the ecirculation
has, every moment, become more scanty, until the
pulsation has gradually been extinguished.

The theory of Bichat supposes that the heart,
the muscles, the nervous system, and the other
organs are poisoned by the ecirculation of the
venous blood in their structure. Direct experi-
ments, already adverted to, prove that though
the venous blood is less capable of maintaining
the vitality of these organs than the arterial
blood, yet, that it exerts no positively noxious
influence on their funetions. Edwards also dis-
covered that those reptiles, in which the circula-
tion of venous blood is permitted to proceed

when they are deprived of air, live much longer
D
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The venous system, the right side of the heart,
and the pulmonary artery (conveying the venous
blood from the right ventricle for exposure to the
air in the lungs) are extremely congested with
this fluid ; but it does not permeate the lungs, and
on the other side of the impediment which pre-
vents its progress through the pulmonary tissue,
the veins which generally convey arterial blood
from the lungs, and also the left cavities of the
heart and the arteries are empty.

The view of the phenomena of Asphyxia,
inevitably suggested by these facts is of the utmost
importance, as otherwise we should be obliged to
regard with the utmost suspicion every account of
resusecitation, by means of an artificial supply of air
to the lungs. Were the theory of Bichat correct,
no such hope could be entertained, because the
introduction of oxygen into the air cells could not
change the character of the blood existing in the
pulmonary veins, in the left cavities of the heart,
and in the internal structure of every organ. The
heart, paralysed by the deleterious influence of
this fluid, would be unable to assist in propelling
red blood into its own structure, by which alone
its irritability could be restored, even could the
red blood, generated in the lungs, pass the pulmo-
nary veins without losing its properties by admix-
ture with the venous blood, which, according to
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in colour, but not yet so much impaired in its
qualities as to be unable to traverse the lungs,
still eirculates, and air is admitted at a moment
when the danger of the occurrence of Asphyxia
is imminent, but when the respiratory powers and
the organic functions are still supported, by a blood
partially oxygenated.

Death occurs in Asphyxia, because, the air not
being admitted into the lungs, the changes which
are necessary to the transmission of the blood
though their structure no longer ensue, and the
cireulation gradually becomes feebler, and is at
length arrested in the capillaries of the pulmonary
tissue. Before this result takes place, the blood
by degrees assumes more and more of the venous
character, until its qualities become incompatible
with the aetivity of the minute vessels of the
lungs. A certain quantity of dark blood, not so
changed as to be inconsistent with vital action,
is transmitted by the heart and arteries to all
the organs of the body, and circulated through
the nervous system and muscles ; but it is found
that this fluid, far from destroying the vitality of
these parts, maintains the life of the muscles for
a certain time, though comparatively in a feebler
manner; and it is also diseovered that though it
is deficient in stimulus to the nervous system, and
is not capable of supporting the greatest activity
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supported without a constant supply of blood. The
powers of the nervous system are, in Asphyxia, pri-
marily affected by the deficient supply of this fluid,
and by the diminution of its nutritious and stimu-
lating qualities ; and every organ suffers second-
arily from the loss of energy in the nervous
influence which it enjoys in a healthy state, as well
as from the want of its own natural supply of blood.
Every organ ought therefore, in this enfeebled
state, to be placed under the influence of those
agents which are most conducive to the support of
its enfeebled powers, and every thing likely to
occasion their exhaustion should be avoided.

A consideration of the causes which affect the
duration of life in young animals, and in the cold-
blooded, will afford us some data on which to
proceed in speaking of adult warm-blooded ani-
mals.

The eirculation of the feetus, or embryo, differs
from that of the adult, inasmuch as the current of
the eireulation, proceeding from the right side of
the heart to the left, does not pass through the
lungs, which are yet unexpanded by the respira-
tory process, but is econdueted by two short chan-
nels; one being a communication between the
pulmonary artery and the aorta—the great artery
which rises from the left ventriele ; and the other,
consisting in an opening permitting the blood to
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When the connection of the feetus with the
mother is dissolved immediately after birth, the
blood of the infant ceases to derive nutritious
qualities from that source, and unless respiration
commence, its circulation continues to be carried
on for some time by the feetal channels, which
conduet it from the right to the left side of the
heart. It does not encounter the impediment
which oceurs in the lungs of adults when respira-
tion is prevented, because the lungs not having yet
been expanded, and the fetal channels remaining
pervious, the cireulation is conducted through
these openings. Hence, though the vital quali-
ties of the blood are diminished, it continues to
be propelled into all the organs, and supports life
for a longer period than it would continue, if the
access of this blood to them were prevented,
The faculty of producing heat is more feeble in
young animals than in adults, and Edwards found
that this peculiarity is always connected with the
power of retaining life for a longer period when
respiration is suspended, than when the animal
heat is greater. The organs of an adult warm-
blooded animal speedily become enfeebled, and
cease to act from want of stimulus, when sup-
plied with such blood as would support life long
in an animal producing less heat.

This peculiarity also bears a direct relation to
E
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existing beneath the surface without air preserved
to adult age. He did not, however, observe, that,
though life continues, sense and voluntary motion
are soon extinct, when these young animals are
deprived of air; and he did not know, that, as
they soon acquire a power of generating heat
equal to that of the adult, they speedily cease to
exhibit the surprising faculty of existing so
long without respiring. In the experiments of
Buffon, puppies lived half an hour under water,
immediately after birth; in those of Legallois, the
mean duration of life in young rabbits, under
similar circumstances, was twenty-eight minutes;
and Edwards has sometimes, though rarely, seen
new born puppies live fifty-four minutes under
water. The second class of young animals, born
with more mature senses and powers of motion,
and a superior faculty of producing heat, die much
sooner when deprived of air. The infant is in
this class, and with so precarious a tenure of
vitality at birth, it is of the utmost importance
that the influence of external agents on the dura-
tion of its life, when respiration does not com-
mence, should be determined.

Of these agencies, one of the most powerful
is external temperature. Kittens a day or two
old died in four minutes and thirty-three seconds
when immersed in water at 32° Fahr.: at 50°
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sequence, like the former, is confirmed by expe-
rience.”

“In sudden faintings, when the pulse is weak
or impereeptible, the action of the respiratory
organs is diminished, and sensation and voluntary
motion suspended, persons the most ignorant of
medicine are aware that means of refrigeration
must be employed, such as exposure to air, ven-
tilation, sprinkling with cold water. The efficacy
of this plan of treatment is explained on the
principle before laid down.”*

I have endeavoured to trace the steps by which
this position is obtained with as much brevity as
possible, though I have been more minute in my
account of the researches which have led to this
result than I should have been, had not the con-
clusion to be derived from them possessed such
great practical importance. I am inclined, not
to confine the prineiple deduced from these experi-
ments to Asphyxia produced by the influence of
carbonie acid gas, or to syncope ; but to extend it
under certain modifications to the treatment of
suspended animation from drowning. These re-
searches would induce me to reject the employ-
ment of a temperature so elevated as that recom-
mended in the Royal Humane Society’s directions

* P. 149 of Dr. Hodgkin's ** Edwards Sur I' Action des Agens.”
F
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should be placed “in a warm bath moderated to
a degree of heat not exceeding one hundred
degrees;” and in the directions gimu'ﬁnnceming
the application of * continued heat” to the body,
by means of * bottles of hot water, hot bricks, or
hot blankets wrung out of hot water.”

The temperature thus recommended would
be too high if the directions were implicitly
obeyed, and, when the treatment of such cases
is entrusted, as it often necessarily is, to the
ignorant, the enfeebled vital action of some
important organ is in danger of extinetion from
the rash application of such remedies as hot
bricks, and bladders full of hot water to the sto-
mach, or from immersion in too hot a bath.

The Society also directs that the body, when
taken from the water, stripped, and dried, should
be re-clothed ; and in the section concerning the
application of heat, the importance of exposing
the whole surface to the influence of the air is
again neglected, sinee immersion in a bath at 100
degrees, and wrapping the body in hot blankets
wrung out of hot water, are recommended. The
free access of air to the skin is of such impor-
tance, that it can only be superseded by those
more efficient means which cannot be applied
without preventing cutaneous respiration. The
requisite warmth may, however, be employed
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The effects of external temperature on the
duration of life in new born animals deprived of
air are shewn by the experiments of Edwards.
The infant ought, therefore, never to be exposed
to a high degree of heat. Young dogs are found
to live longest when immersed in water at 68°
Fahr., and it would be improper, without other
facts, to subject the still-born infant to a much
greater warmth than this. As this temperature
may be easily obtained without immersion in
water—which has a deleterious influence on the
nervous and muscular systems, and prevents the
free exposure of the skin to the external air, and
the employment of other means to excite respira-
tion—the bath ought never to be used in attemp-
ting to revive infants which have not breathed.
Resuscitation in such cases will be best accom-
plished by inflation of the lungs, alternated with
pressure on the abdomen and chest—by moderate
friction of the body with the hand—by the appli-
cation of stimulants to the nostrils, temples, and
pit of the stomach ;—and by gentle agitations, as
described in the Royal Humane Society’s direc-
tions. :

The theory announced in this work, to explain
the changes which occur in the organs when the
body is deprived. of air, emphatically proves the
paramount importance of introducing fresh air
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is sometimes overcome, and that water then
enters the bronchi; and Orfila has rendered it
extremely probable that when the body remains
long immersed, this accident generally occurs.
But the quantity of fluid which enters the lungs
is usually small, and it is very seldom found in
the bronehi in quantities sufficient to occasion
death, and then chiefly in cases in which submer-
sion has continued so long as to prevent any
hope of resuscitation being entertained. Before
proceeding to attempt artificial respiration, it is,
however, desirable to remove the mueus which
may have accumulated in the mouth and throat ;
and then, by inserting a curved tube into the
glottis (the opening from the throat into the
windpipe) and by sucking the air through it, either
with the mouth or with a syringe, to examine °
whether an acecumulation of fluid may not have
oceurred in the bronchi, and to attempt to remove
it by suction.

In all the directions given by the earlier, and
even by more recent physiologists, who have
written concerning Asphyxia, none of the dangers
attending insufflation are anticipated. DBy refer-
ence to the chapter on Insufflation, in the body
of this work, it may be seen, that in the inflation
of the lungs, the latest authors recommend the em-
ployment of a force sufficient to distend the chest
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therefore, that 1 shall not be considered presump-
tuous, if, with the hope of assisting the diffusion
of this information, I embody in this letter, a
short account of the results of Leroy's experi-
ments, referring to the body of this velume for
more minute particulars.

Brisk insufflation of the lungs, which from the
resistance of the parietes of the chest, implies
the use of considerable force, is often fatal by
rupturing the air-cells, and occasioning an effusion
of air either into the substance of the lungs itself,
or into the cavity of the pleura.

In either case the air-cells are compressed by
the air effused, and the quantity which escapes
into the cavity of the pleura is often so great, as
to occasion the collapse of the lungs and the cessa-
tion of the respiratory movements. This result
may be best comprehended by the general reader,
if he suppose each lung to be a bag contained
in the cavity of the chest; naturally distended
with air and filling that cavity; and that by the
escape of the air into the chest, on the rupture of
this bag, its collapse oceurs.

The natural respiratory movements are very
gentle, and only a very moderate quantity of air
is drawn into the lungs and expelled, at each

successive inspiration and expiration. The in-
~spired air descends, without any increased pres-

sure, into the chest when it is expanded, and
G
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tion may be performed with perfect safety, if
care be taken to produce an expiration after each
inflation of the lungs, by pressing on the abdo-
men and chest. But if the proeess of artificial
respiration be entrusted, without them, to inex-
perienced persons, it is an operation of the
utmost danger. Even in the hands of skilful
surgeons, during the hurry necessarily attendant
on the use of means to restore life suspended by
a frightful accident, the bellows may often be
resorted to with too great eagerness, and used
with too little caution, unless Leroy’s graduated
are and tubes be employed. Insufflation by the
bellows ought, therefore, to be interdicted to
every unprofessional person, and the use of these
new instruments ought to be recommended to
every surgeon.

Another pernicious practice ought to be extin-
guished, since the results of these researches have
been published. From the difficulty sometimes
experienced in attempting to introduce a curved
tube into the glottis (the natural opening from
the throat into the windpipe), many experienced
surgeons have recommended that an inecision
should be made in the throat, and the windpipe
having been divided, that the nozle of the bel-
lows should be inserted into it, and artificial
respiration thus maintained. 'This is a coarse
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from all danger, and may be employed by the
most inexperienced persons. The parietes of the
chest consist of the ribs and certain cartilages
which are elastic, and which therefore yield to a
certain degree of compression. Leroy’s method
of producing an inspiration and expiration of air
consists in reducing the size of the cavity of the
chest, by a moderate but general pressure on the
ribs and their cartilages and on the abdomen, and
then permitting the air to re-descend into the
lungs on the removal of this pressure. The elastic
parietes yield, when drawn together by means of
a bandage or when pressed upon by a superincum-
bent weight, but they immediately resume their
former shape when this foree is removed. Thus
the cavity of the chest may be alternately dimi-
nished and again permitted to re-expand, and air
alternately expelled and reinspired.

To facilitate the application of pressure to the
parietes, for this purpose, Leroy has invented a
simple bandage, which is deseribed in the Society’s
report for 1832, and a second time also, in the
directions given to the report for 1833—in which
last report these directions are also accompanied
by a wood-cut of the bandage as applied to the
body of the patient. We shall shortly give a
minute deseription of this bandage and of the
method of using it.







5l

depresses the vital energies, and should be avoided;
and evaporation equally so, as it occasions great
cold. The first object is therefore to make the
body dry, and to avoid its exposure to the in-
fluence of a low temperature. These directions
therefore, important at all times, are especially so
in cold weather, and unless the body can be
instantly carried into a convenient shelter, the wet
clothes should be removed, and the body wiped
and wrapped in blankets or dry clothes on the
bank of the water from which it has been dragged.
Generally, however, a house will be mnear the
spot, and thither, without a moment’s delay, the
body should be conveyed.

In conveying the body the assistant should
forbid its being lifted or carried by the shoulders
and legs, because in this position the head is un-
supported and its weight will hang forwards on
the chest, or drag the neck backwards—both
which postures are pernicious. The body may be
best earried on a blanket; or on a board; (a door)
or in a ecart. A room containing a good fire
should, if possible, be selected for the subsequent
exertions of the attendants.

When the body has been eonveyed to such a
room, it should be immediately stripped, and laid
upon a sofa—or on a board supported on chairs—
or on a table of convenient height before the fire,
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lungs, and when the powers of the nervous sys-
tem are suspended, not from a frightful moral
impression, but from the stoppage of a supply of
blood by an impediment in the lungs. When
therefore a person has fainted immediately before,
or immediately after immersion in water, he may
be restored after a much longer interval has
elapsed, than he could be, if he were deprived
of consciousness, simply from the interruption of
respiration.

These cases cannot be distinguished by any
known signs, it is therefore of importance that
every case should have the benefit of the doubt
which must exist coneerning its character, and
that the most unremitting and persevering efforts
should be made to restore life, even after a con-
siderable period has elapsed, and when all hope
might otherwise appear to be extinguished.
Instances of recovery after periods ineredible,
unless supported by the most unimpeachable testi-
mony, are recorded for the encouragement of the
benevolent in their laudable endeavours to restore
life ; and to warn the negligent, lest they incur
the fearful responsibility of having abandoned a
fellow-creature to his fate, from the want of
sufficient perseverance.

In treating of the Resuscitative Process, the
most important means demands our earliest atten-
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each side. Each strip is to be three inches broad,
and two feet long. The untorn portion (two feet
in length and eighteen inches broad) is to be
placed under the back of the patient, from the arm-
pits to the upper part of the thigh bones. The
strips are then to be brought together over the
chest and belly, interlacing each other from the
opposite sides, as the fingers are interlaced in
clasping the hands. The strips thus arranged are
to be gathered into a bundle on each side, and
if they are then drawn in opposite directions
by two assistants, the edges of the bandage will
made to approach, and firm and equal pressure
be produced on the chest and belly of the pa-
tient.

The assistants should thus compress the body
of the patient by drawing the bandage in opposite
directions, and should then relax it, permitting
the chest to re-expand, and performing this pro-
cess at the rate of twenty-five times in the
minute. If the head and shoulders be elevated the
contents of the abdomen will, on the relaxation
of the pressure, cause the diaphragm to descend
by their gravity, and will thus enlarge the chest.
By applying the flame of a candle or the fine
down of a feather to the mouth and nostrils, it
will be readily seen, that, on each firm pressure
of the body, air is expelled from the lungs; and
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cannula should be introduced through the glottis
into the windpipe. This may be more easily
accomplished, by using an instrument invented
by Leroy, which depresses the tongue and ele-
vates the epiglottis. When this instrument is
not at hand, the finger must be placed upon the
root of the tongue, and the epiglottis having
been raised by pressure on the tongue, the can-
nula may easily be introduced into the windpipe;
for by passing it along the finger, it naturally
slides into the glottis. The cannula having thus
been introduced, the bellows, provided with a
graduated are, indicating the quantity of air
proper to be introduced at different ages, should
be attached to the tube. Previously to com-
mencing inflation, if there be any suspicion that
water has entered the windpipe, an effort should
be made on the introduction of the eannula, to
remove it by suction at this tube, with the
mouth or with a syringe. Then the prominence
in the neck (the larynx) being held backwards,
and also compressed laterally between the fingers
and the thumb of the second assistant, so as to
grasp the cannula contained in it, air should be
cautiously impelled into the lungs.

The lungs having been thus expanded by a mo-
derate quantity of air, and the left hand of the
second assistant having been previously placed

_ S
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ing the lungs. The dangers accompanying this
method are, therefore, so great that it is not
described lest it should be rashly practised by
improper persons.

An unnecessary and pernicious practice of
opening the windpipe by making an ineision in
the throat, has been so frequently recommended
by surgeons of eminence, that we feel compelled
formally to oppose the aunthority of the Society
to this method. It is unnecessary, as any sur-
geon competent to perform such an operation
can introduce the eurved cannula into the glottis.
It is pernicious—because of the delay which it
occasions ; of the heemorrhage which often occurs ;
and of the difficulty of preventing the blood
from entering the windpipe; and particularly,
because of the temptation thus offered to the use
of greater foree than is proper in the introduction
of air into the chest, and the great risk that an
accumulation of air in the lungs may be produced ;
and because the wound produced is extremely
dangerous, even if life be for a time restored.

Temperature—While artificial respiration is
thus supported, the body should be exposed to
the external air, provided a certain temperature
can be maintained. This may usually be accom-
plished by an ordinary fire in a room of moderate

size. If the room be larger, a sereen may be
1
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Friction.—Friction with the warm hand, or
with the hand clothed with warm woollen gloves,
or flannel, should be applied chiefly to the extre-
mities, and is useful in communieating a proper
degree of warmth to the body, and in reviving
the cireulation in the small vessels.

Stimulants.—These means are employed on the
supposition that the vital powers exist, and are
in a state to be called into action. Irritation
applied to the nose has considerable influence in
exciting the action of the museles coneerned in
respiration; for this purpose, the nostrils may
be oceasionally touched with a feather dipped in
gpirits of hartshorn, aromatic spirit of vinegar,
&e.  During the state of torpor which pervades
the whole system when respiration has been sus-
pended, all stimulating applications are useless,
and, when they interfere with other means, pre-
judicial.  When, from exposure to a proper
warmth, and the use of means to excite respira-
tion, sensibility has in some degree returned to
the body, spirit of hartshorn, or equal parts of
this spirit and salad oil, may be rubbed on the
wrists, ancles, temples, and parts opposite the
stomach and heart. When the signs of returning
life are somewhat more evident, a moderately
warm and stimulating liquor may be introduced
into the stomach by means of a syringe, and
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man, and this operation should, therefore, never
be performed by an inexperienced person.

When Asphyxia is produced by suspension, it
is especially useful to abstract blood. When re-
animation has taken place, a slight degree of
excitement not unfrequently oceurs,and symptoms
of inflammation appear, which require the use of
the lancet. 1In such cases, the quantity of blood
taken away must be regulated by that diserimina-
tion concerning the symptoms and the constitu-
tional powers of the patient, which can only be
exercised by the medical attendant.

Concerning other parts of the directions issued
by the Royal Humane Society, I have fewer sug-
gestions to offer, and I beg, therefore, to defer the
consideration of them to the chapters most appro-
priate to them in the body of this work. Gal-
vanism has frequently been recommended in the
treatment of Asphyxia, but without any precise
notion of the benefits to be derived fromit. Tt has
been vaguely imagined that the nervous energy
might thus be excited, the action of the heart
roused, or the respiratory motions stimulated; and
for these different purposes it has been directed to
be as variously applied. Leroy has, however,
devised a simple method of employing this
powerful ageney, which deserves the serious
consideration of the Society, and a deseription
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PHYSIOLOGY AND TREATMENT

aF

ASBPHY.X1A,

CHAP. 1.

AsPHYXIA, a term derived from ¢Qikw, the pulse,
with the privative «, and whose literal significa-
tion is therefore simply the loss of pulsation
indicating a cessation of the heart’s action, has,
by modern usage, been employed to distinguish
that form of pulselessness which is produced by
any cause preventing the decarbonization of the
blood aecomplished by respiration. Syneope
differs, as we shall afterwards show, in some im-
portant respects from Asphyxia, though few
external signs exist by which these states can be
diseriminated, when the circumstances occasioning
them are similar, or when they are not known.
Respiration can be suspended for a very short
space of time, ere alarming symptoms supervene.

The first effect of the deprivation of air is a
K
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observer, all the funetions seem to have expired,
from the moment in which the faculties of sensa-
tion and motion and intellectual consciousness
are abolished; but the organice life of the tissues
still continues some time, and physiologists ob-
serve that the bodies of persons asphyxiated
preserve their temperature long. From this fact
alone, it may be presumed that the minute
vascular motions on which nutrition and seeretion
depend continue active for some time, though
they soon become weaker and occasion a less
perfect elimination of caloric. Moreover, the
functions of the various organs may often be
restored, after this state has been for some time
established. Though voluntary motion and the
action of the heart have ceased, the contractility
of this organ and of the voluntary museles con-
tinues, and may be excited by appropriate stimuli;
and, in other structures, the apparent death is
not real. Though the action of many organs has
been changed, so as to be incapable of giving
evidence of life by its natural phenomena, an
action continues which supports a mode of life
peculiar in its phenomena, and sometimes so long,
that, by the use of means to restore the function
of the lungs and circulating system, the natural
actions may be revived. In a similar way, a
depression of the skull may suspend voluntary
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and we may conceive them to become so much so,
as altogether to change the proper results of the
organization, and to pervert the function of the
part. This may oceur in any tissue in the body.
The phenomena of all may be thus changed, and
though it is improbable that organs, the aeccord-
ance of whose aetion supported a life of certain
phenomena, would be capable of assuming dif-
ferent actions, and still preserve the balance of
their activity, so as to aet together for any great
length of time in the support of a life of different
phenomena; yet we may conceive this to happen
for a considerable period.

In the following pages, the minute detail of
the phenomena will be exhibited. Aections, it
will be discovered, continue in Asphyxia for a
considerable period in many of the organs—in
some, longer than the time in which any instance
of the resuscitation of natural phenomena has
oceurred—and the ecapability of aection on the
application of stimuli survives the moment when
actual motion ceases. Asphyxia is a mode of
life possessing few of the usual phenomena of
animation, but in which vital aections proceed
during a certain period in all the organs; which
actions are susceptible of being changed, by
peculiar methods of treatment, into those which
exhibit the usual phenomena of life.
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principle.  Although in death, as after decapita-
tion, (when we cannot conceive the intellectual
principle to be connected with the corporeal
organization) contractility and nervimotion long
survive, and minute organic movements are con-
tinued, yet, they have lost that portion of the
organization which maintains the union with the
intellectual prineiple. Whilst life yet remains,
the minute actions may be so morbid, that no
means can revive those by which life can be sup-
ported for any period, and then death is certain.
But the separation of the intellectual principle
from the corporeal organization may take place,
long before all motion has ceased, and then death
has ensued ; yet as life may be restored in the
early stages of Asphyxia, it follows that death
has not happened, and that this state must be
regarded as life peculiar in its phenomena.

Asphyxia is produced by causes which prevent
the entrance of airinto the lungs, or which make
the air so impure as to render it unfit to sustain
life, or which interfere with its elaboration in the
air-cells.

Animals placed in the exhausted receiver of
an air-pump die, after a certain interval, the
length of which is determined, partly by the
power of the instrument and the consequent
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the lungs, sudden exhaustion of the muscular
power, and fainting.

These alarming symptoms are produced by the
want of a sufficient supply of oxygen to the
lungs, whilst, at the same time, the pressure of
the atmosphere on the capillary vessels is dimi-
nished, and a condition of the ecirculation pro-
duced, such as will be deseribed when we treat
of the physiological consequences of suspended
respiration. Asphyxia from void has this pecu-
liarity, that the capillary vessels of the whole
surface of the body are congested from the re-
moval of the atmospheric pressure on them, and
particularly, that in the delicate and very vas-
cular structure of the lungs, this congestion
becomes so great as frequently to occasion
hemorrhage, and always to interfere with the
effect of the air on the blood cireulating in that
organ. We may dismiss this form of Asphyxia
by observing, that no remedy can relieve it but
a proper supply of air. When the danger of its
accession is imminent, the best method of pre-
venting its occurrence is to avoid everything
which can accelerate the circulation, impede the
motion of the chest, or prevent a supply of
oxygen to the lungs and skin. Perfect rest—a
recumbent posture—and free exposure to the

air, together with the application of stimulants
L
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syphilis, and whose glottis was thus exposed t:tin
the eye. During inspiration the glottis wat,
opened ; it was partially closed during expiration,
and completely so when each expiration was
finished. If the muscles expanding the glottis
be paralysed, their sympathy with the respiratory
system is destroyed—the museles which contract
this aperture act spasmodically, and air is pre-
vented from entering the lungs. This occurs in
a singular disease to which infants are especially
liable, but which 1 have seen in one adult, and
which was first deseribed by Clarke, but the
nature of which has been more fully illustrated
by recent writers. Spasm of the glottis is always
an alarming, and not unfrequently a fatal dis-
ease. It generally occurs in infants of very
excitable temperament, and is commonly excited
by fits of langhter and sereaming, which call the
respiratory system of museles into violent action.
The laugh or the seream is suddenly suspended,
and respiration at the same moment ceases, and
the spasm is frequently not subdued, until eon-
seiousness, or even life, is extinet. This dangerous
malady requires much sagacity to devise a me-
thod of treatment for its removal. It will not
seldom be found connected with some tenderness
in the cervical portion of the spinal column, and
sometimes with sueh general delicacy and mobi-
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of violence than any other means which they
could have employed.

Whatever destroys the motive powers of the
chest and of the diaphragm, will occasion
Asphyxia. Amongst these causes are extensive
wounds of the diaphragm, by which its innerva-
tion is affected—a section of the phrenic nerves
—or of the spinal marrow above the first dorsal
vertebra. In decapitation, the immediate cause
of death is the paralysis of the respiratory appa-
ratus; for the experiments of Legallois prove,
that the animal can survive the loss of the influ-
ence of the brainular mass, and the effects of
hemorrhage, for a much longer period than the
cessation of ‘the respiratory process. Legallois
first sustained life in animals for a considerable
time after decapitation, by insufflation of the
lungs.

Some causes preventing the entrance of air
into the lungs yet remain to be considered. One
of these is the effect of large wounds in the
parietes of the chest, and another is submersion.
To the former of these subjects I shall devote a
chapter towards the close of this work; and the
latter is so intimately connected with the special
object of this treatise, that it will receive ample
consideration in those portions of this volume, -
in which a deseription of the peculiar effects of
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some time without respiration, and, when it stops,
may for a time be renewed by inflating the lungs.”
Gardien considers pulselessness to be the chief
sign of this state, and econtrasting a condition
which he supposes to be produced by heemorrhage
or by an arrest of the supply of blood—with the
cireulation of dark blood, which was supposed by
Bichat to produce all the phenomena of Asphyxia,
he concludes that Asphyxia differs essentially in
its character from this state. He agrees with
Leroux, of Dijon, in calling it syncope, because
he affirms that it commences with the heart,
which is deprived of blood, and which ecan no
longer exert its influence on the other organs of
the economy, by that supply with which it for-
merly nourished them. *On* doit regardé que
cette maladie affecte primitivement, et pour ainsi
dire d’'une maniére exclusive le ceeur, §'il est cer-
tain que toutes les circonstances que 'expérience
apprend donner lien a cet état appelé Asphyxie,
ne le produisent que parce qu’il y a defaut de sang
vers le coeur.”

Yet, notwithstanding this declaration, Gardien
agrees with Ladmirault,} that there is no defi-
cieney of blood in the vessels of children born
in this state after compression of the chord.

* Gardien. Traité complet d'accouchemens, Tome I11. p. 137.
+ Recherches sur I'Asphyxic de Penfant.
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the state of pallor, feebleness, and absence of
motion, exhibited by many new born children,
must be considered a syneope which results “d’ une
faiblesse réelle,” occasioned by the want of a sup-
ply of blood tothe heart, or rather, he adds, of
such blood as contains the qualities necessary to
stimulate the nervous system.

After uterine hwemorrhage, the quantity of
blood circulating in the infant may be in some
degree diminished, but it is most probable, that
the pallor and unconsciousness of the child at
its birth are rather produced by the partial or
complete separation of the placenta, and the con-
sequent interruption of the placental cireulation
before the child is born. These cases therefore
more nearly resemble those produced by com-
pression of the chord, than Gardien appears to
suppose ; the effects in both being rather pro-
duced by the suspension of the influence of the
placenta on the blood of the child, than from any
want of that fluid.

The placenta supplies to the feetus in utero the
the want of respiration and aliment. In this
organ the blood acquires the stimulating and nu-
tritious qualities necessary to the growth of the
embryo. At the moment of birth, the placenta
is detached from the mother—the child ceases

to derive nourishment from this source—and its
M
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a much earlier period than in infants, these states .
resemble each other in this respect, that in both,
from the first moment in which the infloence of
the organ which bestows stimulating and nutri-
tious qualities on the blood is removed, a fluid,
becoming every moment less nutritious, eirculates
throngh the body, and occasions a deficiency of
vital power in all the organs, but especially in
those which require the largest and most con-
~ stant supply. The brain, the spinal chord, and
the organic system of nerves especially suffer
from these defects in the qualities of the circu-
lating fluid, and hence the respiratory actions,
which ordinarily take place on exposing the
infant to the air, are not excited by their natural
stimuli, but require some artificial process for
their development.

In a future part of this volume, it will be seen
that life is prolonged, in this state of the eireula-
tion, for a greater period in the infant than in the
adult, because its powers of producing heat are
yet but imperfectly developed, and it has there-
fore less need of a highly oxygenated blood for
its support. This has been already shewn in the
preliminary letter appended to this treatise, and
any further reference to the subject may there-
fore be the less necessary here.

Much controversy has taken place concerning
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respiration beeome vigorous; for the two modes
of ehanging the blood are not incompatible.” If
breathing do not soon commence, and the placen-
tal eireulation become weaker, other remedies
must be resorted to, and it may be reasonably
doubted, whether, if the conneetion with the
mother interfere with the application of these
means, it should be permitted to continue, when,
the placental circulation having become weaker,
it is evident that their application cannot be
longer, with propriety, delayed.

The body of the child thus separated from the
mother should be kept moderately warm, but
exposure to too great heat should be carefully
avoided. The young* of some species of warm-
blooded animals live longest, when deprived of
air, in a temperature of 68° Fahr. and the infant
should not be exposed to a much greater degree
of warmth. Immersion in a bath, deprives the
surface of the vivifying power of the surrounding
atmosphere, whence, the blood circulating in the
skin abstracts oxygen, and which stimulates the
cutaneous nerves, whose sentient extremities are
exposed to its influence. As the bath is not
necessary to the application of a proper degree of
warmth to the body of the child, as it prevents the

* Edwards’ “ Sur l'action des Agens.”
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frequently penetrates the trachea, and fills it.
Subsequently Schéele* of Copenhagen made ob-
servations confirming those of Héroldt. They
advise, for the removal of this fluid, that the
head of the child should be placed somewhat
lower than the feet, and that moderate pressure
should be made on the chest and trachea.
Héroldt, by these means, saved twelve out of
thirteen children apparently dead from this cause.
Schéele also recommends that a cannula should
be introduced into the trachea, and that a syringe,
adapted to it, should be employed to remove
the fluid from the respiratory passages.

The experiments of Leroy d’Etioles shew
that insufflation may be performed with much
less danger in the infant than in the adult, be-
cause the structure of the lungs is firmer in the
child, and there is therefore less danger of a
rupture or dilatation of the air-cells. Whilst,
therefore, the child is exposed to a proper tem-
perature, and means are employed to exeite the
capillary circulation and the action of the mus-
cles of the chest—after any mucus which may
obstruct the fauces has been removed—a curved
cannula should be introduced into the trachea,
and the lungs should be inflated through this

* Commentatio de liquoris amnii asperz-arteriz feetuum humanorum
naturd et usu, &e, 1798,
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the nervous and museular systems—a question
of grave importance, when considered as affecting
the treatment of Asphyxia. For the purpose of
determining this question, he removed the heart
and the bulb of the aorta in salamanders, frogs,
and toads; and placed one half of the animals
thus prepared in air, and one half in water de-
prived of air. The salamanders placed in the
water became motionless in four or five hours.
Those exposed to the air, however, survived
twenty-four or twenty-six hours. If frogs were
similarly treated, those placed under water lived
two hours, and those in the air three, and their
activity decreased far more rapidly in water than
in air. If a frog whose heart has thus been
removed be immersed in water, and taken from
it, and again exposed to the air, at the moment
when its life seems extinet, it will immediately
begin to recover. If again plunged into the
water, it will again lose sense and motion, and
will recover on re-exposure to the air; and this
process may be repeated several times with the
same results. These experiments prove the dele-
terious influence of water on the nervous and
muscular systems, and the vivitying effects of air.

In order to determine the influence of the cir-
culation of venous blood on the nervous system,
frogs, whose hearts had been removed, and an
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that when separated and exposed to the influence
of the atmosphere, it falls considerably, even when
they are regularly supplied with food, and that it
continues falling, until, in the course of a few
hours, its descent is arrested only a very few de-
grees above the temperature of the surrounding
medium. This phenomenon cannot be attributed
to the want of an artificial covering, which could
only retard and not prevent the depression of
their temperature; and in some animals, well
covered with hair at birth, exposure produces the
same effects. Less heat is therefore produced in a
given time in the young animal than in the adult.
Shortly after birth, the young mammalia gradually
acquire the power of producing greaterquantities
of heat, and, at the end of a fortnight, they enjoy
this faculty equally with the adult animal.

The young of the mammalia are however to be
divided into two classes, as regards the production
of animal heat. Some are born with their eyes
closed—these enjoy at birth a limited power of
evolving heat; others are born with their eyes
open—and these possess from the first their natural
capacity. The former may be regarded as eold-
blooded at birth; the latter as warm-blooded ;
and at the end of a fortnight, when the eyes of the
former class open, their faculty of producing heat
is equal to that of adults of the same species.
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These facts naturally led Edwards to inquire
the cause of the loss of temperature, and of the
torpor experienced by certain warm-blooded ani-
mals during the winter months. These hyber-
nating animals belong to various genera, and are
not distinguished, by any peculiarity of structure,
from other animals of the same elass which do
not hybernate. In the winter months, however,
their temperature sinks, almost to that of the
surrounding medium—they become torpid—their
respiration is feeble and irregular—oceurs only
after considerable intervals—and they continue
in this condition several months without taking
nourishment.

M. de Saissy examined the temperature of
these animals at different seasons. On the 6th
of August, when the temperature of the atmos-
phere was 73° Fahr. that of a marmot was 98°
Fahr. On the 23rd of September, when the air
was G4° 5 Fahr. the heat of the marmot had sunk
to 88” Fahr. and on the 10th of November, when
the air was 44° 6 Fahr. that of the animal was
only 81° Fahr. or it had lost 16° Fahr. since the
month of August. A garden dormouse had a
warmth of 88° Fahr. on the 3rd of August; of
87" Fahr. on the 23rd of September; and only
69" 8 Fahr. on the 10th of November, having

lost almost 28° Fahr. since the first examination.
0
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he had been unable to produce absolute torpor,
without closing the small aperture of the box in
which the marmot was enclosed, so that the result
was occasioned by the combined influence of
diminished respiration and external cold. In
order to separate the influence of this last agent
from that of the former, Edwards exposed an
adult bat, of the long eared species, in good con-
dition, in April (when the temperature of the
air was 61° Fahr. and that of the animal was 93°
Fahr.) to an artificial cold of 33° 8 Fahr. Free
“communication with the air being permitted, the
temperature of the animal was reduced 36° Fahr.
whilst guinea pigs and adult birds lost, under
similar circumstanees, not more than two or three
degrees, though the cold air was applied for a
longer time, to compensate for the difference of
size. Edwards does not say that torpor was pro-
duced in this animal. The experiment demon-
strates that the power of producing heat is less in
the bat than in other warm-blooded animals, and
a striking analogy is shewn to exist between it
and the young of most warm-blooded animals,
with this difference, that a condition, transitory
in them, becomes permanent in the bat.

Edwards extends the analogy to the whole
group of the hybernating animals, and concludes,
that whateverother causes affect their temperature
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only three minutes. Led by the hope of producing
a different result, Buffon placed a large grey-
hound bitch in a tub of warm water, when in the
act of parturition, and secured her so, that she
was obliged to expel her offspring beneath the
water. The young animals were afterwards, with-
out giving them time to breathe, transferred to a
tub of warm milk, in order that they might have
an opportunity of taking nourishment. In this
latter vessel they remained half an hour, when, on
being removed, they were all found alive. Having
been permitted to breathe halfan hour, they were
again immersed in warm milk, and on removal,
at the expiration of another half hour, two were
found not to have suffered at all, but the third
appeared weak, though it soon recovered on being
carried to its mother. The other two were per-
mitted to respire for about half an hour, and after-
wards, were again immersed in the same warm
milk, for half an hour, when they appeared on
removal as strong as before. One of them, how-
ever, died that day, but whether from accident,
or in eonsequence of the experiment, could not be
discovered. The two others lived and were as
healthy as other puppies produced by the same
bitch, after she had been removed from the water,
and which had not been subjected to the experi-
ment. Legallois was led te make similar experi-

S
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some young animals, the faculty of producing
heat is very feeble—they have a close analogy
with reptiles and fishes in this respect, and re-
semble them in their power of enduring the
privation of air. These young animals are born
with their eyes closed. In other young animals
born with their eyes open, the faculty of evolving
heat is considerable at birth, and they ecannot
live long without air. The former class also
rapidly acquire a power of producing heat equal
to that of the adult, and as this faculty increases,
they are less able to sustain the deprivation of
air, until, in a few days, they, in both respects
resemble the adult animal. Edwards extended
these observations from the mammalia to birds,
and obtained similar results.

The temperature of the external medium has
also a remarkable influence on the duration of
life in young animals, when deprived of air. 1In
some kittens a day or two old, all signs of
sensibility and motion were extinguished in four
minutes and thirty-four seconds, when they were
immersed in water at 32° Fahr., taking the
mean of nine experiments. At 50° Fahr. they
lived ten minutes and twenty-three seconds,
and at 68° Fahr. the duration of life inereased
to thirty-eight minutes and forty-five seconds.
At 86° Fahr. they lived but twenty-nine minutes,
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an hour; slight variations from this period being
determined by the preceding temperature of the
air. At this season, and under these ecirecum-
stances, therefore, little difference exists between
them and new-born warm-blooded animals, which
will sometimes live fifty-four minutes under wa-
ter. But if the batrachiz, at the same season,
be placed in water at 104° Fahr. the mean tem-
perature of warm-blooded animals, they live no
longer than the adult mammalia. The same
result occurs with fishes, especially the small
species. The lizards lived only six minutes
under these circumstances. * Hence,” says Ed-
wards, ““we see that heat, whether externally or
internally produced, has the same influence on
the duration of life in Asphyxia.”

The influence of cold on the vital actions of
warm-blooded animals in Asphyxia is invelved
in greater obscurity. Experiments like those
performed on reptiles and fishes cannot be ex-
tended to the warm-blooded animals, beecause
they cannot endure so great a reduction of tem-
perature, nor can they remain so long a time
exposed at an equally low temperature. But
the hybernating animals differ from the rest of
this class, in being able to bear a more consi-
derable depression of temperature, and to live

longer when subjected to the influence of a cold
P
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mixture of gaseous elements found in the atmos-
phere, is most conducive to the support of life;
but the quantity of oxygen may be considerably
increased, without very injurious consequences
immediately ensuing. When, however, the dis-
proportion of the quantity of oxygen is very
great, as in the experiments of Broughton, or
when an animal is immersed in the pure gas,
though no inconvenience is at first perceived, in
an hour or little more, the circulation and res-
piration are muech accelerated, and the whole
body excited. This excitement is soon followed
by debility, which gradually increases until the
animal becomes insensible, and death ensues in
a few hours. After death, the blood is every
where found extremely florid, and the motions
of the heart continue, long after respiration has
ceased. On the other hand, an animal cannot
live long in an atmosphere in which the oxygen
consumed in respiration is not renewed by a
fresh supply. The necessity for a due supply of
oxygen, has a very intimate relation to the ani-
mal’s powers of evolving heat.

The air expired from the lungs is warmer than
that inspired, and is charged with vapour; but
it also contains a quantity of carbonic acid gas,
equivalent to a quantity of oxygen which it has
lost.  When, therefore, an animal is confined in
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the duration of life oceurred in different animals,
with the same quantity of air, and that the
greatest of these differences was about one-
third. The air was changed to the same degree
of impurity by all, and the duration of life was,
therefore, chiefly affected by the comparative
rapidity with which oxygen was consumed.
Edwards then proceeded to examine animals
at different ages, relatively to their consumption
of oxygen. Previous researches had shewn him
that the power of producing heat is much less
in young than in adult animals; but a priori
reasoning might otherwise have led him to sup-
pose, that, at a period of life, when the whole
efforts of the organization are combined to pro-
mote the growth of the body—and when the
activity of the functions of digestion and
respiration is therefore greatest—that the con-
sumption of air would necessarily be larger,
than at adult age, when the development of
the organs ceases. Comparative experiments
performed on species in which there is a great
difference in the size of the young and of the
adult animal, would yield no exact results,
because the quantity of air consumed, which
must be attributed to the greater size, and the
consequently greater extent of the lungs of the
adult, could not be determined, and therefore,
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capable of supporting life, we may suppose that
they still live as long as they can, when deprived
of air. We have seen in the former chapter
upon Asphyxia, that this period is longer in
young, than in adult animals. But theé maximum
in sparrows is seven minutes. It is evident,
therefore, that in allowing for all these differ-
ences, the young sparrows lived much the longest,
in the same quantity of air, and that, conse-
quently, their consumption of it is eomparatively
less.” The consumption of air is therefore, in
the different periods of life, strietly in relation
with the development of animal heat.

This was still more satisfactorily proved, by
trying the same experiments on animals of the
same species, at less distant ages, and when, in
the young animal, the faculty of producing heat
had increased. Young sparrows, as soon as they
begin to feed themselves, are able to support
their natural temperature, when unprotected, in
the open air, and they are about equal in size to
adults. * Five of these young animals placed in
sixty-one cubie inches of air, and supported by a
gauze partition, over a strong solution of caustic
potash, lived, on an average, two hours thirty-nine
minutes; but adults, in the same eircumstances,
lived only one hour thirty-two minutes. Here
we have no correction to make for volume, or







1Y

CHAP. III

Tae organs of the body consist of almost
infinitely numerons ecapillary vessels. Cuvier*
considers vascularity to be essential to organiza-
tion, and the eirculation or imbibition of a nutri-
tious fluid necessary to the maintenance of life.
In the higher orders of animals, the tissues are
generally nourished by arterial blood of a florid
red hue. In those animals which produce less
heat, less perfeetly arterialized blood is often
circulated, and they are capable of existing (at
periods when their faculty of generating heat is
least, and in low temperaturest) for a consider-
able time in a state of torpidity, whilst the res-
piratory funetion and the cireulation are almost
suspended. From arterial blood, however, in
the higher classes of the animal series, the differ-
ent secretions are, by various vascular actions,
eliminated, the organs nourished, and the fune-
tions supported.

The last chapter was devoted to an account of
the relation of the respiratory funetion to those

* Legons d" Anatomie Comparée.
+ Edwards' Sur I' Action des Agens sur la vie.
@
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supposed that it paralysed the heart, by mere
contaet with the internal surface of its parietes;
and Bichat* imagined that he had demonstrated,
that it possessed positively noxious qualities, and
that it extinguished the organic motions and life,
as soon as it was propelled into the structures
of the body. Suflicient evidence has, however,
been given, in the preceding chapter, that, in
the inferior classes and in the young of warm-
blooded animals, the cireulation of venous blood
supports life, for a considerable period after res-
piration has been suspended. The results of
these researches, therefore, naturally lead us to
inquire what relation this fluid has with the
structures of adult warm-blooded animals, and
what effect the suspension of the respiratory
funetion produces on the different organs. This
chapter will, therefore, be devoted to an inquiry
into the circumstances which cause a cessation
of the contractility of the heart and musecles,
when respiration is suspended in warm-blooded
animals.

When the access of atmospheric air to the
lung is in any way suddenly prevented, about a
minute elapses, during which the animal exhibits
no external evidence of distress; it then makes
an effort to inspire, resembling a deep sigh,

* Bur la Vie et la Mort.
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Kite,* Coleman.} Bichat,i Orfila,§ agree in the
general fact, though they differ slightly in de-
seribing some of its features.

The analysis and explanation of the pheno-
mena of this mode of death have occasioned the
most vehement controversy, from very early
periods in the history of medical seience, and
the most distinguished of its professors have
illustrated the subject with their names. A
rapid sketch of the progress of science in eluci-
dating this subject, has been given in the begin-
ning of this volume, but, for the purpose of
illustrating some important principles connected
-with this inquiry, it will be necessary to recur to
some of the opinions which have been formerly
entertained, and to demonstrate their fallacy.

The first effect of interrupting respiration, is
to retard the progress of the blood through the
minute vessels of the pulmonary tissue. In the
rapidity of the circulation, there is a marked
difference during inspiration and expiration.
Harvey| and Haller,q] in whose day the con-

* On Suspended Animation, p. 56.

t+ On Suspended Respiration, p. 6 and 7.

I Sur la Vie et la Mort, p. 229.

§ Dictionnaire de Medicine. Asphyxie, Tome IIL., p. 60.

Il Exercit. Anat. de motu Cordis et Sang: circul. 18mo. p. 157.
Y Elementa Physiologie. Vol. II1. p. 250.

[ < | S e B e T T

-






128

ever, determined with sufficient precision, that
the greatest quantity of air which can enter the
lungs of a man of ordinary size by a forced in-
spiration is about seventy cubic inches. It is
much more difficult to determine the result of an
ordinary inspiration. Menzies and Goodwyn
estimate it at twelve eubic inches; Jurin at
twenty ; Cuvier at sixteen or seventeen ; Gregory
at only two ; Davy at about fifteen ; and Thomp-
son at thirty-three. An ordinary expiration
would, therefore, have little or no effect on the
transmission of the blood through the lungs, and
fluid frequently exists in the cavity of the pleura,
in quantities much greater than the largest volume
of air ever expired, but without arresting the
circulation through the lungs, and often without
oceasioning much embarrassment to the breathing.
Goodwyn* satisfactorily shews, that after the
fullest expiration, the air remaining in the air-
cells distends them sufficiently to permit the blood
to eirculate freely through them.

Besides the mechanical effects of air upon the
lung, it has well known chemical relations with
the blood, which must powerftully influence its pro-
gress in the pulmonary tissue. The minute ves-
sels of all structures have peeuliar sensibilities of

* The Connexion of Life with Respiration, p. 46 and 47.
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so long as the oxygen contained in the pulmonary
cells should remain unexhausted, the ordinary
changes of the blood would ensue, and the cir-
culation for a period would continue with its
usual vigour; and in proportion afterwards, as
the oxygen diminished, the blood not undergoing
that change which would be necessary; in order
that it might permeate the vessels of arterial
blood in the pulmonary tissue, that its circulation
would be impeded. As the change, however, is
only gradual, and the susceptibilities of action
in all tissues are great, the venous blood would
doubtless penetrate with diminished velocity the
pulmonary organization, until its character was
so greatly altered, as no longer to he capable
of exeiting the action of the vessels of arterial
blood. 1f; then, air were admitted it would
re-oxygenate the blood exposed to its action in
the pulmonary cells, and bestow on it those
qualities which are necessary to its circulation.
An experiment of Bichat is beautifully eonso-
nant with these conceptions.® “If a stopcock
be adapted to the trachea, exposed and divided,
and afterwards it be shut, the blood becomes
darker, and springs for some time with its usual
force” from a divided artery, “but at length the

* Sur la Vie, &c. p. 222.
R
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small hare. The chest was opened. During
three minutes the blood issued per saltum with a
gradually diminished force from the mammary
arteries, and then ceased. On putting my finger
on the aorta I could discover no pulse. The
aorta was divided, and a very small quantity of
blood flowed, and immediately ceased. After
three minutes and a half had expired no blood
flowed from the aorta; little blood had been lost.
The heart continued vigorous the usual period,
and all the other cireumstances of Asphyxia were
observed as usual.

This experiment was confirmed by subsequent
observations. I however varied it thus.

Exp. 3.—A rabbit was asphyxiated by tying
the trachea. The chest was opened. At the end
of three minutes and a half no pulse could be
discovered in the aorta. The left venous sinus
was then opened, the blood contained escaped,
and blood for a period of from one to two or
three minutes occasionally collected in very mi-
nute quantities, as though it gradually drained
from the larger vessels of the lungs, but never,
as often as the experiment was repeated, collected
in quantity. The heart continued vigorous the
usual period, and all other circumstances of
Asphyxia were observed.

The supply of blood from the lungs to the
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tebat. Is idem pulmo, per aerem vi impulsum,
extensis vasis, diduetis vesiculis, sanguine pervius
redditur, ut ex dextro corde, ad sinistrum venire
possit.”

I endeavoured to ascertain the relation of the
arterial and asphyxiated blood to the lung in the
following manner.

Exp. 4.—Two rabbits being secured, the trachea
of the first was tied, and the chest immediately
opened. About the third minute in general no .
pulse could be discovered in the aorta. The left
venous sinus was divided, and the blood eontained
escaped. Small quantities collected to the fifth
minute, or even the seventh. The lungs never
collapsed. The pulmonary artery being tied close
to the root, the beak of the syringe was intro-
duced into its trunk. The vena cava of the same
rabbit was divided, and asphyxial blood received
into the syringe and injeeted into the pulmonary
artery. 1 was once or twice deceived in the
result.  When not injected in quantity and with
force, it did not permeate the lung, though im-
mediately afterwards arterial blood obtained from
the aorta of the second rabbit penetrated it easily,
and was discharged in quantity. But on repeat-
ing the experiment, using large quantities of
blood, and injecting with greater force, the as-
phyxial blood permeated, and was discharged at
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air into the veins is fatal, by produeing distention
of the heart, and mechanically resisting its con-
traction. He supports this opinion by experi-
ments, showing, that when the spumous fluid is
evacuated from the heart, by large openings made
in the veins of the neck, the eireulation is restored.
I think; however, his own experiments contain
the evidence, upon which a different explanation
must be founded. When air is injeeted in small
quantities death does not ensue; and, allowing
some interval of time to elapse between each
injection, he found it possible to convey into the
circulating system of animals, without immediate
death, mueh larger quantities than would produce
that catastrophe, were the whole administered at
one time. Two ecireumstances of great import-
ance, however, succeeded those experiments.
After repeated injections of air into the veins the
arterial blood assumed a darker hue. This effect
in some measure depends on the absorption of
a greater quantity of azote than oxygen in the
dissolution of the air; but much must also be
attributed to the embarrassment of the respiratory
funetion, from the air present in the pulmonary
blood vessels.

When, however, repeated injections of air were
performed at intervals, death did not ensue
immediately. The injections were attended by
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similar phenomena ensue, from the interruption
of the supply of blood to the various tissues.
Manifestly, if small quantities of air have such
fatal effects upon the pulmonary organs, we can-
not conceive that much larger quantities would
be able to traverse them.

The organic sensibilities of the pulmonary
vessels appear also to be illustrated by the feetal
circulation. . P

If respiration were not necessary to the transi-
tion of blood through the pulmonary tissue, it
would be difficult to conceive why the foramen
ovale and ductus arteriosus should form separate,
less perfect, and unnatural channels for the
circulation. Why must all the contingencies
attending the dilatation of the lungs be hazarded ?
Why, if there be no obstruction during the
absence of the air from the pulmonary cells, if
the blood might circulate as freely in the feetal
as in the adult lungs, is it not transmitted
through that medium, which, since it is longest
employed, must be the best? In the adult,
however, the deprivation of air is followed by a
sudden arrest of the circulation. When oxygen
is again supplied to the pulmonary cells the
pulse and life return. These phenomena indicate

surely that the cireulation is arrested in the
lungs,
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cavities, and expelled for a time vigorously into
the arteries, the ventricle meanwhile diminishes in
size, as the quantity of blood supplied becomes
less, until at length, though spontaneous contrac-
tions still oceur in its fibres, no blood issues from a
divided artery, and the ventricle, by contraction,
has obliterated its cavity. After this, blood
slowly accumulates in the auricle from the large
vessels of the lungs, and its contraetility conti-
nues for a very considerable period. The obliter-
ation of the cavity of the ventricle is especially
evident in frogs and cold-blooded animals, where
it becomes transparent. The contractility of the
auricle, it must be remarked, continues, though
it contains the blood which the hypothesis of
Goodwyn supposes to be fatal to it. By refer-
ence to experiments in a more advanced part of
this inquiry, it will be found, that the sponta-
neous contractions and motive power of the
different parts of the heart continue, always in
proportion longer as they contain more of the
asphyxial blood. Thus, in the experiment of
Haller, the left heart may be made to contract
longer than the right, by retaining the dark
blood in its cavity, and by discharging it by an
incision made in the venx cave from the right.
The action of the auriele may even be restored
to its former vigour, by re-establishing the cireu-
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of the dark blood on the musecles of voluntary
motion.* * Inject into the crural artery of an
animal this species of blood obtained from one
of its veins, you will perceive the muscles soon
becoming very sensibly feebler, and that some-
times immediate paralysis ensues.” He then
adds, that the ligature of the artery paralyses
the limbs, especially if it be placed upon the
aorta; but does not attempt to show that the
paralysis occurs earlier when dark blood is in-
jected than when the artery is simply tied. The
following experiment, however, proves that the
effect is entirely owing to the ligature of the
artery.

Exp. 5—Three rabbits were secured. The
abdomen of each was opened. The aorta of one
was tied above the renal arteries, and also the
left common iliac close to the aorta. In eight
minutes the vena cava of the second was opened ;
the blood which immediately flowed was injected
into the aorta of the first. The contractility of
both extremities was found to be equally vigor-
ous. At the fourteenth minute, the degree of
contractility having been ascertained by the in-
sertion of needles attached to the wires of a
battery, another quantity of blood was injected.

* Op. Cit. p. 278.
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then equally and gradually declined in strength,
and in one hour ceased, contracting to the stimu-
lus at the same time, the musele of the upper
extremity appearing towards the close of the ex-
periment to be somewhat stronger. This experi-
ment was repeated. I afterwards varied it thus.

Exp. 7.—The trachea of one rabbit was tied.
In another the chest was opened, and in one
minute the heart tied at its base. The muscles
continued contractile an equal time in both.

The supply of dark blood from the left heart
in Asphyxia has, therefore, no positive noxious
influence on the museles; but they are affected
in exactly the same degree as when the supply of
blood to their tissue is interrupted.

The connection between the blood and the
contractility of muscular fibre is most intimately
involved in this inquiry. Blood is necessary to
muscular contraction. The most superficial ob-
server is at once impressed with the extreme
vaseularity and the deep red colour of its tissue
when contrasted with that of the rest of the
body. Its power is in the direct ratio of its
vascularity. All diseases which diminish the
quantity of blood impair its power, and most of
the causes which augment it are accompanied
with a very evident increase of vascular energy.
The colour in the young is searlet, in manhood
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quences. It must, however, be premised, that
it is impossible to isolate any portion of the body
by the ligature of large trunks, since the circula-
tion in the capillary system continues, and with
such vigour as to be able to supply nutrition to
the part, until, by the increased size and activity
of its vessels, it has again connected itself di-
rectly with the heart’s influence. On ligature of
the abdominal aorta in a dog, excessive weakness
of the lower extremities ensued, and in eight or
ten minutes the motions became almost imper-
ceptible. I have witnessed these phenomena.
The econtractility is however perceptible by the
stimulus of a powerful battery, from forty mi-
nutes to a somewhat longer period than ome
hour, though of course it continues but a very
short time vigorous, and towards the close of
the experiment the contractions are almost im-
perceptible.

It is remarkable, however, that though the
presence of venous blood in the tissue of musele
has been considered by Bichat and others to be
fatal to its contractility, when the vein only is
tied, or the artery and vein together, preventing
the egress of this blood, the phenomenon does
not so soon cease as in the simple ligature of the
artery. The power of muscle does not become

instantly extinet on the ligature of an arterial
P
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I have also in my possession the aorta and obli-
terated fernoral artery of a case of this nature,
in which the paralysis was perfect.* The power
of contraction is therefore in the direct ratio of
the quantity of blood circulating in its tissue,
and its capacity is determined by the facility and
veloeity of that supply. When it is abstracted
contractility ceases. Blood is therefore necessary
to contraction.

Having from the preceding reasoning formed
this conclusion, I inquired whether, after the
contractility of musele had expired from the
ligature of an artery, it could be revived by the
transfusion of blood, and whether of arterial
only or of venous also.

Exp. 8.—A large rabbit and two small ones
were confined. The chest of the first was opened
on the left side, the aorta divided, and the beak
of the syringe introduced into the lower portion.
After waiting some time, it was found by re-
peated application of the wires, that the con-
tractility was extremely feeble in the lower
extremities. The chests of the small rabbits
were opened, and ere this could be performed
the contractility of the inferior limbs was found
to have expired. The aorte of the small rabbits

* Edinburgh Medical and Surgical Journal, Vol. xvi. p. 308. North
of England Medical and Surgical Journal, Vol. i. p. 278,
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however, (were the result of the experiment, as
it respects the channel of feetal ecireulation, suc-
cessful,) could not ensue, as the faculty of gene-
rating heat increases with the age of the animal,
and it requires a greater supply of oxygen. One
just conelusion, however, FKdwards has, I think,
neglected to draw from his experiments. Inquir-
ing whether the blood in this state tends to support
life in mammiferous animals, he asphyxiated
them by submersion, but arrested the circula-
tion by an excision of the heart in some.
Those, in which the ecirculation was arrested,
lived only half the period during which the others
survived.

The same laws apply to the cold-blooded ani-
mals. In summer, and when exposed to high
temperatures, they produce generally a greater
quantity of heat, and lose the faculty of living
long without respiration. But when their tem-
perature declines under the influence of continued
cold, their faculty of generating heat is diminished.
I have repeated the experiments in which Edwards
discovered that cold-blooded animals can live
respiring only the air contained in water. When
they have been long exposed to a very low tem-
perature, and water is at zero, they live immersed
in water without oxygen two or three days. Their
lungs being only an appendage of the general
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In former experiments, we have observed that
the ligature of the aorta produces paralysis in
various periods of time, seldom or never exceed-
ing forty minutes or one hour; but the ligature
of a vein occasions paralysis after some hours
only. I have often performed experiments, of
which the following is an example.

Exp. 11.—In a full grown rabbit, the common
iliac artery of one side, and the common iliae
vein of the other, were tied.

A galvanic battery of forty plates was used to
stimulate the muscles of the extremities, the
integuments of which were removed from an
equal space. The wires of the battery were
applied every quarter of a minute to each ex-
tremity, for seven minutes, when the contrac-
tions became weak. In about a quarter of an
hour they were imperceptible in the limb in
which the artery was tied, and eceased shortly
afterwards, probably because the battery was
very powerful, and they were constantly stimu-
lated, though both limbs were equally galvanized.
The contractions in the other appeared to be
under the influence of the will. Its contractility
continued, though somewhat feebler, but in three
hours the change had not proceeded rapidly ; the
contractions were still energetic. The cessation

of contractile power ensues earlier when both
U
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to all the struetures.” The continuance of the
contractility of the right auriele, after all other
muscles have ceased to act, appears to favour this
opinion. Nysten and Haller] agree in their ob-
servations on this subject. The right ventricle
and auricle in common death always contracting
longer than their corresponding systemic eavities,
and the venous sinus and auricle longer than the
ventricle. In the experiments of Nysten the
action of the ventrieles expired before that of the
voluntary muscles. The dependence of the mus-
cular contractility on the proper supply of blood
has been previously shown, and it is probable that
the continuance of contractility, after the obstruc-
tion of the great vessels, depends on the general
anastomoses of small branches, and the uninter-
rupted communication of the capillary system,
which maintain a supply sufficient to support a
feeble contraction. Now it is evident, that, from
the imperfect connections of the heart, with the
general ecapillary system, by means of continuous
tissue, this communication must be more imper-
fect in this than in any other organ ; and that,
consequently, its contractility, unless supported
by some other means, ought first to expire. But
the right auricle ceases last to contract. The

* El. Phys. Vol.i. p. 493, 24, 25, 20.
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rapid, and as its power is greater. When the
supply of blood to the coronary arteries has ceased,
each successive application of stimuli must on
this account weaken the power of the heart’s con-
traction. The deduction therefore from the fol-
lowing celebrated experiment of Haller must be
different from that which he maintained. < I*
divided the venm cavee, and emptied the right
auricle and ventricle, afterwards tying the veins.
I opened also the pulmonary artery by an ample
wound, that the right ventricle might more easily
discharge its blood, so that the right auricle and
ventricle evacuated their contents; on the other
hand I left the pulmonary veins free, but placed a
ligature on the aorta, so that the left auricle and
ventricle received blood, but ecould not expel it.
The left auricle and ventricle always eontinued
acting longer than their corresponding cavities,
even to the fourth hour. The right auricle wasin
perpetual quiescence. The right ventricle con-
tracted either imperfectly, languidly, or a shorter
time, when it was not altogether immotile ; orits
quiescence was perfect, as often as the experiment
had so succeeded, that the cavities were entirely
evacuated.”

From this experiment Haller infers, that the

* El Phys. Vol. i. p. 492,
X
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this must tend to support its contractility in this
state.

Vieussens first, and afterwards Thebesius,
Lancisi, Lieutaud, and many other later authors,
have described veins of moderate size which
enter into the eavities of the right venous sinus
and auricle, especially. Haller* confirms their
testimony, and describes one small vein whose
mouth is generally discovered near the fossa
ovalis, which returns blood from the right auricle
and its sinus. Other similar terminations of
conspicuous veins are found in the right sinus and
auricle, and, according to Vieussens, even in the
vena cava. Afterwards in a similar way he
describes the venous terminations in the left
auricle, its sinus, and even in the pulmonary vein.
Supported by the same authorities, Vieussens,
Thebesius, Rochet, Verheyen, Lancisi, Kawe,
Boerhaave, &e., other smaller veins have been
described opening into all the cavities of the
heart, and into the sinuses of the vens cave and
pulmonary veins, with oblique mouths which are
protected by valves. Haller informs us that if
the tube of an injecting syringe be introduced into
the vein of the heart, and all the mouths of the
smaller veins that can be discovered opening into
the cavities be tied, any coloured liquid or mer-

* El Phys. Vol.i. p. 380.
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the heart’s action consequent on that of the brain
or lung, the left ventricle is found almost empty,
and its contractility first expires : the right ven-
tricle, which must be contrasted with it, is gorged,
and its contractions continue a much longer
period. When, however, their state is changed,
and the left is gorged and the right empty, the
phenomena are reversed. The left auricle, also
in this state, contains a considerable quantity of
blood, but the right sustains the whole pressure
of the venous and capillary system, and its con-
tractility is most permanent ; when the circum-
stances are reversed, by emptying the right
auricle, and maintaining a congestion of the left,
the contractile power of the right expires first.
Nysten also observed, that the irritability of the
pulmonary ecavities was greatly impaired by injec-
tions of air into the veins; if the injections were
excessive the contractility very rapidly ceased.
A distention with air, or a spumous fluid, must
operate not merely by preventing any congestion
of the internal veins, and allowing a free escape
of blood contained in the fibre, but, as in para-
lysis of the bladder from a similar cause, by pre-
venting a supply of blood to its fibre. Smaller
injections of air, which are not so soon fatal to the
contractility of the pulmonary heart, must act
simply in the former way.
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the ventricle, and the pulmonary eirculation was
arrested, it remained distended. At the sixth
minute the auricles were flaccid—their cavities
appeared empty—their contraction had gradually
become feebler, and less frequent ; at the end of
eight minutes they were immotile: the sinus
venosus of the right auricle contracted, however,
a somewhat longer period. The left ventricle
gradually diminished in size ; its contractions be-
came feebler and less frequent ; and at the end of
eighteen minutes, when it appeared to have
expelled all its blood, it become immotile to
common stimuli. The right ventricle contracted
vigorously at the end of half an hour, and continued
irritable longer. On examination, all the cavities,
except the right ventricle, contained no more
blood than was sufficient to moisten their parietes,
but the.right ventricle was distended.

Exp. 17.—The left side of the chest of a rabbit
was opened, the pericardium cut, and a ligature
having been passed round the aorta, and pulmonary
artery at their origin, an interval was allowed to
elapse, during which the animal breathed well,
though rapidly, with the right lung. The ligature
was then tied close to the root of the arteries.
Respiration proceeded well with the right lung,
and continued about a minute and a half, when
struggles and violent convulsive gasping ensued,
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longest contractile, sustaining, as usual, the pres-
sure of the whole venous and capillary system.
Present Dr. N.

The result of these experiments is perfectly
consistent with the idea, that the contractile
power of the parts is supported through a com-
paratively longer period, by the repletion of
their cavities, and consequent congestion of their
fibres with venous blood. This repletion of the
right auricle, and of its venous sinus, in death
from the cessation of the functions of the brain
or lungs, must be more considerable than that
of any other musele of the body. The blood,
which by the last contraction of the ventricle is
propelled into the arteries, is by them eonveyed
to the capillaries in the various tissues of the body.
The organic motions of these tissues eontinue for
some time—the blood still moves onwards, and is
impelled with a certain foree by their actions into
the general venous system. The veins are every
where found distended, beeause the eireulation
is obstructed by the lungs, in which respiration
has ceased. The pressure of this power must be
divided between the terminations of the large
veins in venous radicule in all the system, and
their opposite terminations in the heart. The
power, therefore, will be greater in the auriele

than in any other portion of the body ; and if
-
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museles, however, continued vividly contractile
at the end of one hour, when the experiment
was interrupted.—Present, Dr. N.

These experiments are consonant with the idea,
that the motive power of the right heart, in all
cases in which it has been observed to continue
longer than that of the museles, has been pre-
served by the greater comparative supply of blood
to its fibre, from the congestion of its cavities,
and the consequent repletion of its small veins.

It would be difficult to determine whether
much of this effect may not be owing to imbibi-
tion, by the open mouths of the small veins, from
the blood contained in the cavities of the heart,
thus supplying, by their peculiar action, the
muscular tissue with the blood necessary to its
contraction. Some experiments which I have
performed seem to favour this idea. They have
not, however, been so frequently repeated as to
deserve mention here.

From these experiments, we may at least con-
clude, that the heart so far obeys the laws com-
mon to muscle, that an analogy, drawn from the
influence of blood on the tissue of the muscles of
voluntary motion, would be strictly applicable to
the laws of the contractility of this organ. The
blood of Asphyxia, so far, therefore, from having
any positively noxious influence on the muscles
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aires,” evidently by giving a new supply to the
coronary arteries. In page 217, the comparison
of two opposed passages appears unfavourable to
his opinions. He asks, “ Quelles sont done les
causes qui interrompent la circulation dans le
cceur i sang rouge et dans les artéres lorsque le
poumon y envoie du sang noir?’  Now, in page
227, he says, “ Toujours par consequent c'est
dans le poumon que la circulation trouve son
principal obstacle.” The circulation, therefore,
is not arrested in the heart; and since the ob-
struction is thus said to be in the lungs, the
supply of dark blood to the heart cannot ensue,
and one passage contradicts the other. Yet he
concludes in the answer to the question quoted
above, that the noxious qualities of this dark
blood destroy the motive power of the heart.
An experiment is also detailed in page 217,
which is irreconcilable with the theory. When
the dark blood has flowed from a divided artery
some time in Asphyxia, its impetus gradually
becomes weaker, and at length ceases almost
entirely ; if then the stop-cock obstructing the
trachea be opened, and respiration be allowed
“il se retablit bientot avec force.” 1If in this
experiment the circulation had ceased from the
destruction of the motive power of the heart, on
account of the noxious influence of the dark blood



















177

The argument of Bichat here ceases ; and it is
needless to follow him through the subsequent
pages, in which he attempts to_ trace a vague
accordance between his opinions and some of the
obscure and even doubtful phenomena of As-
phyxia.

To these opinions it must further be ohjected,
that in young animals, as is proved by the expe-
riments of Buffon and Edwards, and in animals
of cold blood, life, with all its funetions and
phenomena, is supported for a considerable period
by the presence of the dark blood ; and as the
hypothesis of Bichat is supported by no valid
experiment or argument, we are inclined to the
opinion, that, though the dark blood is doubtless
less favourable to the action of the organs gene-
rally, than the arterial, yet its presence exerts
no positively noxious influence upon them, but
is even capable of supporting their actions for a
certain period. The evidence of more decided
experiment is desirable to confirm this opinion,
as far as it respeets the organic motions generally.
Concerning muscle, the experiments detailed in
this inquiry, are positive ; and the blood being
necessary to seeretion and nutrition, it is a natural
consequence, that, when the circulation is arrested,
as in Asphyxia, these funetions should cease.
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advanced stages of that venous degeneration,
‘which ensues when the access of atmospheric air
to the cells of the pulmonary structure is pre-
cluded. The blood, however, permeates the tissue
with a progressively and a rapidly diminishing ve-
locity, in small quantities, and for a very limited
period, until it becomes at length so much
changed, as to be incapable of exciting the action
of the vessels of arterial blood, and the circula-
tion is arrested in the lungs. In three experi-
ments which were frequently repeated, it was
shewn, that the blood entirely ceases to be trans-
mitted from the lungs to the left cavities of the
heart, in little more than three minutes and a
half, after the air is excluded. Respiration is
therefore necessary to the transmission of the
blood through the pulmonary tissue, and when
the inhalation of atmospherie air ceases, it is
followed by an arrest of the ecirculation, in
the capillary vessels of the lungs. If air be
immediately readmitted -into the pulmonary
vesicles, or insufflation be, after the lapse of a
short period performed, as in the celebrated
experiment of Hooke, the blood undergoes
changes in the vessels—carbonie acid gas is given
off—it contains more oxygen, and less carbon
proportionally than before, assumes the arterial
hue—again penetrates the pulmonary structure,
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the experiments of Boerhaave, Stenon, Cowper,
Legallois, Etchepare, &ec., that on the injection
of venous blood, the power of contraction revived
—that in the absence of arterial supply it was
maintained by venous congestion in the tissue, and
that the irritability of the heart in Asphyxia is sup-
ported for a time, by the congestion of the venous
blood in its cavities and veins. The right auricle,
which is regarded by physiologists as the ultimum
moriens, retains its contractile power, because its
tissue is in the greatest degree congested with
venous blood, (and perhaps because its eavity
is longer supplied with its natural stimulant)* and
it appeared that the order in which irritability
deserts the various cavities of the heart, might
be reversed, by maintaining the congestion of
those which are ordinarily empty, and evaenating
those which are generally full of venous blood.
The general conclusions eoneerning Asphyxia
obtained from this investigation are, first, that
the circulation is arrested after respiration ceases,
because, from the exclusion of oxygen, and the
consequent non-arterialization of the blood, the
minute pulmonary vessels which usually convey
arterial, are then incapable of conveying venous
blood, which therefore stagnates in the lungs.

* Haller. Elementa Physiologie.
A
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dark in a minute, and exactly resembles venous
blood in a minute and a half or two minutes.
This change he affirms is more rapid, if respiration
be arrested, immediately after an expiration.
Venous blood, he affirms, permeates the lungs,
and is propelled into all the struetures of the
body, during a period, and in quantities suffi-
cient to arrest their organic motions by its
presence. Having discovered that the former
part of this theory was defective, I was led by
the want of precision and congruity in the experi-
ments of the celebrated French physiologist, to
examine these opinions. For this purpose, 1
performed the following experiments. Asa pre-
liminary measure I ascertained, that in a rabbit
of about the ordinary size, nearly seven drachms
and three quarters of blood would escape from
the divided aorta, when respiration was unob-
structed.

Exp. 19.—A rabbit (six or eight months old)
was secured, and a ligature was passed under
the trachea. The abdominal aorta was laid bare
in the centre of the abdomen, separated from its
vein, and then tied. I placed my wateh beside
me, and observing the minute hand, T tied the
trachea so as to prevent the admission of air into
the lungs. At the end of twenty-five seconds,
I divided the aorta immediately above the liga-
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in smaller quantities, and when the oxygen is
consumed the pulmonary cireulation is arrested.
The moment before the left auricle and ventricle
cease to receive blood, it is poured into them in
small quantities, and as the peculiar function of
the arteries of the lungs is, to circulate arterial
blood only, we are led a priori to suppose, that
their organic sensibility will be first impressed by
any change in the character of that fluid, and
that therefore they will not permit venous blood
to be transmitted through them, in such quantities
as to prove positively deleterious to the funection
of any tissue.

Nevertheless, we consider it important to
examine the facts and arguments from which
Bichat concludes that in Asphyxia, venous blood
permeates the cerebral structure in stages of its
venous degeneration, and in quantities which
destroy the functions of the brain. His first ex-
periment is thus detailed.*

“1 opened, in an animal, the carotid and
jugular; T received into a syringe, heated to the
temperature of the body, the fluid that the latter
poured forth, and I injected it into the brain by
the former, which I had tied on the side nearest to
the heart, to avoid haemorrhage. Almost imme-
diately, the animal became agitated: his respira-
tion hurried, he appeared to suffer from dyspneea

® P 223,
9B
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When the impulsive power is too great, the
caliber of the arterial capillaries is increased at
the expense of the minute venous system, which
suffers a relative diminution of capacity. The
effects are reversed when apoplexy is occasioned
by obstructions impeding the return of the
venous blood. 1In both cases the quantity of
blood circulating through the cerebral mass in a
given time, (and therefore the supply of stimulus
and nourishment,) is diminished, and apoplexy
ensues. Since the integrity of the cerebral func-
tions requires so delicate a balance between the
arterial and venous capillary ecireulation, the
brainular mass cannot be rudely interfered with
by the injection of fluid. The force of the arm
of a man is applied continuously, and not with
the pulsatory motion of the heart, and though
the greatest caution be observed in avoiding
violence, a slight increase of power, or deviation
from the method by which arterial blood is pro-
pelled by the heart into the tissue, will produce
apoplexy.

In this experiment, it is worthy also of ob-
servation, that though six ounces of venous blood
were injected into the brain, life was not extin-
guished until half an hour had expired. The
animal existed in a state resembling apoplexy.
Had the experiment even proved the noxious influ-
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have shewn, in different states of arterialization,
and are referred in both to the absence of the
arterial qualities ; the only circumstance common
to both, capable of producing the effects, is the
manner of introducing the fluid into the system.

Dissatisfied therefore with this evidence, 1
determined to examine the question experiment-
ally. In order to avoid the effects of mechanical
force, on the delicate organization of the brain,
I used a very small syringe, having a beak with
a capillary bore. I chose a small animal, in which
the carotid artery was minute in comparison with
the size of the capillary vessels of the brain, and
I used the utmost eaution to avoid the effects of
pressure, in dilating the arterial vessels of the
brainular mass. ‘

Exp. 24.—Two small rabbits, five months old,
were secured. The carotid artery of one was laid
bare—the pneumogastric, the descendens noni,
and the sympathetic nerves were detached from
it. It was secured, somewhat higher up, by a
pair of forceps, held by an assistant, and was then
divided. The delicate capillary loose beak of a
small syringe was introduced into it, and secured,
and about a drachm and a half of arterial blood
were allowed to escape, when its flow was stopped
by compressing the artery with the forceps. The
vena cava of the other rabbit was laid bare in
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destroy life, though its effects were complicated
with a serious lesion of the cerebral struecture,
which ultimately terminated fatally.

Exp. 26.—This experiment was repeated in all
respeets as before. When the vena cava was
divided, the blood flowed very slowly, and some
time elapsed before a sufficient quantity could be
obtained to fill the syringe. After one syringe-
ful had been injected into the carotid, on at-
tempting to introduce a second, the blood began
to coagulate in the beak, and when one drachm
and a quarter had passed, it was impossible to
proceed without using considerable force, and
driving the coagula into the brain. The animal
suffered little from the experiment.

Exp. 27.—This experiment was repeated in all
respects as before on two rabbits. Four drachms
of venous blood were introduced into the carotid
artery. No signs of uneasiness were exhibited
by the animal :—it remained weak and languid
for some hours after the experiment, and then
recovered.

These experiments exhibit the difficulty of
avoiding undue pressure on the brain in injecting
fluid by the carotid artery, and the danger of
driving coagula into the cerebrum together with
the injected fluid. They prove also, that though

venous is a much less nutritious and stimulating
2c
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ceased to operate after the injection, although
arterial blood be propelled by the same opening,
whether by transfusing it from the artery of ano-
ther animal, or by injecting, after having taken
it from an open artery and filled a syringe with
it, the animal exhibits only feeble signs of sensi-
bility ; often none are discernible, and death is
always inevitable.” We regard this admission as
demonstrating that the death which ensues when
venous blood is injected towards the brain, is not
occasioned by the noxious qualities of that blood,
but chiefly by the force used in the injection,
combined with the great abstraction of the natural
stimulus.

When respiration is suddenly arrested, the first
symptoms of disturbance of the cerebral faculties
ensue as soon as the quantity of fluid eirculating
is decidedly diminished, and motion and sensation
are at an end before the circulation ceases. These
effects we conceive to be owing to two circum-
stances, first, the quantity of blood ecirculating
in the arteries is exceedingly diminished, and
secondly, that fluid has lost, in a great degree,
its arterial character, and has therefore become
less eapable of maintaining the perfect phenomena
of life, and especially the orqanic motions of the
nervous system.

The symptoms of cerebral disturbance are co-
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abolished, because the cireulation is arrested in
the lungs when the respiratory phenomena cease.
The fluid which is then propelled into the ner-
vous tissue, though less capable of developing its
powers than arterial blood, can maintain for a
time imperfect motions of the vital parts, and
contribute to the evolution of an inferior order
of vital phenomena.

This inquiry has important relations to most
interesting subjects of investigation. The fune-
tions of the pneumogastric nerves appear to be in
no slight degree elucidated by it, and we may
hope to derive from it important information eon-
cerning the succession of physiological phenomena
in death from coma. Other questions arise out of
it which are still more intimately connected with
it, but to which, after having made so great a
demand upon the attention of the reader, T must
forbear adverting.
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one of the lungs, he suggested that an opening
should be made into that side of the chest, and
that the lung should he permitted to ecollapse.
He hoped, that in a state of repose, the progress
of disease in the pulmonary tissue might be
arrested, and that, in process of time, the lung
might even recover its function, and again fill
the cavity of the chest. Afterwards if disease
were discovered in the opposite lung, he proposed
that it should be subjected to a similar operation.
Insuperable pathological objections to this scheme
must, in the present state of medical science,
oceur to the mind of every well informed profes-
sional man. We have no reason to believe that
tubercular deposition would cease if the lung
were permitted to remain in a state of rest,
because, in organs to which the supply of blood
is not great, and which are not disturbed as the
lung is, that process goes on with great rapidity.
Moreover a lung, in which considerable tuber-
cular aceretion had oceurred, would, in the parts
affected by disease, diminish but little in volume
on the admission of air into the cavity of the
pleura. Experiments related in this chapter will
also shew, that even were the lung permitted to
collapse, it would so speedily recover its former

size, that its repose would be qmtn transient
and ineflicacious.













213

that whenever a free opening was made into the
cavity of the chest, the lung collapsed, with a
rapidity which showed that it was possessed of
an active resilient power. When the parietes of
the chest are removed on the left side, the action
of the lung on the right side of the chest can be
plainly seen through the transparent mediastinum.
The lung may be perceived accurately to fill the
cavity of the pleura, following the diaphragm in
its descent, and returning, without any apparent
corrugation, rapidly to smaller dimensions as the
diaphragm ascends, in such a manner as to im-
press the mind with an idea of the active resi-
lient power of the lung during expiration—an
impression which is confirmed by a more accurate
examination of the mechanical phenomena of
respiration.

In ordinary respiration, the abdominal mus-
cles are doubtless used, especially in the erect
posture, when they support the bowels and their
contents, and raise them during the ascent of
the diaphragm in expiration. Physiologists at-
tribute the ascent of the diaphragm, however,
solely to the contraction of the abdominal mus-
cles compressing the contents of the abdomen
against its concavity, and protruding it upwards,
so as to diminish the cavity of the chest and

expel the air. The diaphragm nevertheless
2 E
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the mediastinum, the motions of the lung on
the opposite side of the chest may be accurately
observed. The phrenic nerve passing down the
mediastinum, is seen like a minute thread distri-
buted in digitations on the surface of the dia-
phragm. The reason of this passage along the
mediastinum, and of the distribution of its digi-
tations, enclosed and protected by the lamina
of the two pleural membranes, on the surface of
the diaphragm, becomes evident on an attentive
examination of the descent of that muscle.
When the diaphragm has attained its greatest
elevation, the digitations lie flat upon its surface,
but, during its descent, the mediastinum is
stretched, the digitations rise from the surface
of the musele, and only touch it with their
extremities, where they become less obvious to
the eye. This distribution is, therefore, a provi-
sion to prevent the phrenic nerve from being
stretched and injured, during the descent of the
diaphragm.

If the reader will further suppose, that the ab-
dominal museles have been cut away close to the
margins of the ribs throughout their whole extent,
he will still witness the phenomena of respiration
proceeding in the right lung, accompanied by
the uninterrupted ascent and deseent of the dia-
phram. The bag of the pleura lining the right
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If the animal be raised from the recumbent
posture to the erect(the liver being then dependent
on the right side of the diaphragm) the pheno-
mena of respiration continue. So that the re-
silient power of the right pleura and right lung
are capable of elevating the diaphragm and liver,
after they have been depressed by the contraction
of that muscle. ‘

Before the mediastinum is perforated, during
the violent efforts made by the right side of the
chest to supply oxygen to the circulation (previ-
ously exposed to the influence of the air on both
sides of the chest) the left lung, as is stated by
Dr. Williams, may be occasionally observed to
move synchronously with the respiratory efforts
in the right lung, but, on careful examination, it
will be found, that the slight expansion observed
in it oceurs during the expiration of the right
lung ; and its collapse during the inspiration. On
grasping the trachea between the finger and thumb
immediately after an inspiration, so as completely
to prevent an expiration, the left lung suddenly
expands and collapses. This alternate expansion
and contraction of volume is produced by the
instinetive convulsive respiratory motions of the
right side of the chest, made in the agony of
suffocation, and which motions force air from the
right lung through the branches of the bronchi
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into the left lung, and afterwards abstract it, by
the sudden descent of the diaphragm and expan-
sion of the chest.

This fact is of considerable service in the
explanation of some other phenomena observed
in diseases of the chest, and also of certain re-
corded physiological facts. In Dr. Williams’
and Dr. Carson’s experiments, when air had been
~admitted into the chest through wounds in its
parietes, and when the animal was killed a few
days afterwards, the lung was invariably found
nearly if not quite filling the cavity of the pleura,
the air having been absorbed. *Enormous collec-
tions of fluid, whose existence and quantity are
detected by the stethoscope, are also often rapidly
absorbed, the lung being as rapidly expanded to
its former volume. The same result sometimes
occurs, when these collections are rapidly let off
by the operation of paracentesis, and when air is
introduced in their stead. In such cases, after
a certain period, if not bound down by a thick-
ening of the pleura, the lung is gradually ex-
panded, and again fills the whole cavity as before.
This expansion is accomplished in the following
manner :—after a deep inspiration has been
taken, the glottis is closed, just as it is before

* Andral. Clinique Médicale.
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the effort of coughing necessary to the expulsion
of sputa from the lungs, and the expanded lung
being compressed, by the contraction of its
parietal circumference, air is expired from one
lung into the other, whose volume is thus, by
successive efforts enlarged, until it occupies the
whole cavity of that side of the chest.
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only twelve cubic inches be injected at a time,
this small quantity will oceupy the larger branches
of the bronchi, and consequently only a small
number of the pulmonary vessels will be exposed
to its action: but if a much greater quantity of
air be forced at each time, some of it will pass
into the more remote cells, and when they are
thus uniformly distended, the pulmonary veins,
the sinus venosus, and the left auricle will be
exposed, as much as possible, to its action, and
some of the altered blood may be foreed into them
from the smaller vessels.” *On this account,” he
continues, “ we should introduce upwards of one
lundred cubie inches of air into the lungs of an
adult at each inflation, and it must be carefully
drawn out again before more be introduced.”

For this purpose he recommends the use of a
syringe, capable of holding one hundred cubic
inches of air, the tube of which being inserted
into the trachea, air may be alternately intro-
dueed into the lungs and withdrawn.

Kite,* supposing that “the stoppage of the
motion of the lungs was the immediate cause” of
the arrest of the circulation, and Coleman,
believing that this was determined by the collapse
of the lungs, and ‘the consequent mechanical

* Dunecan's Medical Commentaries, Vol. xiv.
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the lungs should be inflated with the double-
valved bellows. When inflation is commeneced,
he says, «the* bellows are now to be employed
until the chest is elevated.” Desgrangest gives
similar instructions concerning foreible inflation.

These directions suppose the introduction, at
each inflation, of a considerable quantity of air,
and consequently a resort to no slight force in
the foperation. Since the publication of these
works, though both theories were superseded by
that of Bichat, the same means were adopted,
and the writings of Bichat add his authority to
that of Haller, Kite, Hunter, Goodwyn, Cole-
man, &e., in favour of foreible inflation of the
lungs, as a process of little danger, and of the
greatest value in restoring suspended animation.

Since the discovery of the chemical changes
produced in the air by respiration, the inflation
of the lungs with pure atmospheric air has been
properly preferred to the introduction of the car-
bonized air expired from the lungs of the operator.
The use of the inflating apparatus, and conse-
quently the forcible introduction of air into the
chest has become more general, especially of late
years, and Majendiel shows, from the records

* Coleman. Dissertation on Suspended Respiration, p, 202.

t Instructions sur les secours & donner aux personnes Noyées.
£

: Journal de Physiologie. Tome ix. p. 104,
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suspended animation out of 934: or, in other
words, he saved eight-ninths, whilst, at the pre-
sent day, according to official documents, only
two-thirds of those on whom the usual means
are tried are restored, and one-eighth only of
those taken from the water recover. The in-
structions circulated at all the stations of the
Parisian Society are generally sagacious, but con-
tain no sufficient caution concerning the danger
arising from insufflation of the lungs. Majendie®
thinks that the most limited conclusion to be
deduced from these facts is. that insufflation of
the lungs, as it has been recently performed in
attempting to restore cases of Asphyxia, has not
increased the efficiency of the means employed
for this purpose, and may even have diminished
the probability of resuscitation. The faets from
which this result is derived are of such a nature,
that an approximation only to a correet conclusion
can be obtained from them. The records now
kept are not sufficiently minute in their details
and contain no reference to the state of the
patients, nor any account of the mnature of the
measures adopted.

The researches of Leroy,} however, satisfac-
torily shew that this operation has been recom-

® Journal de Physiologie. Tome ix. p. 105,
T Ibid. Tomes vii. et viii.
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may inspire, but it is desirable to have an appa-
ratus, which may be more safely entrusted to
those who are not distinguished by eminent pro-
fessional sagaeity and prudence. Leroy recom-
mends the double-valved bellows of Hunter, to
the handles of which he has adapted the graduated
are of a cirele, by which the quantity of air
injected into the lungs and removed by each suc-
cessive motion of the bellows may be determined.
The quantity of air admitted into the chest in
ordinary inspiration is very small—the motion of
the diaphragm and of the parietes being so gentle,
as to be searcely perceptible. In a man of middle
age and moderate stature this quantity has been
variously estimated. Menzies and Goodwyn
supposing it to be twelve cubic inches: Jurin
twenty ; Cuvier sixteen or seventeen: Gregory
only two; Davy about fifteen, and Thompson
thirty-three. The quantity of air inspired during
deeper respiration, as after violent exercise, ean-
not serve as any indication of that which it may
be proper to supply, by an inflation of the lungs,
resisted by the weight of the parietes of the chest,
and by the pressure of the contents of the abdo-
men on the diaphragm.

Leroy ingeniously measured with his bellows
the quantity of air expired without effort into a

bladder at different ages, and marked upon the
2a
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directing this powerful agency, in such a manner
as to excite the motive powers of the respiratory
apparatus efficiently, and in regular succession
has prevented its general adoption. Dr. Ure
recommends that the phrenic nerve should be laid
bare in the neck, and that one wire of the gal-
vanie pile be conneected with it, and another with
the skin of the epigastrium, in order that the
motions of the diaphragm may be stimulated by
the galvanic current. The method proposed by
Leroy is, however, of a much simpler character,
requiring less anatomical knowledge and manual
skill for its performance, and is unattended with
any danger. He introduced acupuncture needles
a short distance into the fibres of the diaphragm,
on each side, and so situated, that they might
easily be connected with the opposite poles of a
galvanic battery. When the galvanie circle was
completed, the diaphragm contracted, depressed
the abdominal viscera, and enlarged the cavity
of the thorax. When the contact of the wires
ceased, the diaphragm, urged by the weight of
the abdominal viscera, and assisted in its motion
by gentle pressure made on the abdomen with the
hand, returned to its former position, and ex-
piration oceurred. This experiment was tried on
animals apparently dead from submersion, and
when they had not been under water more than
five minutes, they were often restored to life.
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for the use of restoratory measures, and much of
this important time is often lost, in seeking or in
arranging the instruments necessary for any ope-
ration proposed. This time may now be econo-
mised by applying this means of attempting to
restore life.

Asphyxia and syneope differ in some important
respects. In syncope, the first morbid impression
is received by the general nervous system, affect-
ing secondarily the organic innervation of the
heart. The motions of this organ are interrupted,
at the same moment that the activity of the
capillary system employed in returning blood
through the veins to the right cardiac cavities
is impaired. The ecirculation is thus suddenly
arrested from the cessation of the heart’s motion,
and from the diminution of the aetivity and
power of the capillary vessels. In syncope, there-
fore, the blood does not proceed through successive
stages of venous degeneration—there is little
accumulation of blood in the right auricle, sinus
venosus, pulmonary artery, and vena cava.
Moreover, in syncope, a considerable volume of
air remains in the lungs, which imparts, by slow
degrees, small quantities of oxygen to the feeble
tide of blood which still circulates through them—
for the heart’s action, though very feeble, and
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and nutritious qualities, circulates for some time
through the tissue of the nerves—gradually, the
supply becomes of a still less healthy character
and diminishes in quantity, until, at length, the
circulation is arrested, at the moment when this
fluid, almost exhausted of its vital qualities, has
permeated the minute vascular system. Deprived
of all stimulus, the powers of the nervous system
can only be revived by the afflux of arterial
blood. The introduection of oxygen into the air-
cells and the renewal of the capillary action of
the lungs are, therefore, the direct indications in
the treatment of Asphyxia—whilst the excite-
ment of the brain and the pnenmogastric nerves
by appropriate stimuli is the best method of re-
storing vital phenomena in syncope.

Seldom, or never, can a person immersed five
minutes in water be restored to life ; but syncope
may continue for a much longer period without
any sign of life being manifest, and complete
restoration may then speedily ensue. Hence, it
is probable that those singular examples of ap-
parent cases of Asphyxia from submersion, whose
recovery after protracted insensibility has been
attested by indisputable authorities, were resto-
rations from a form of syncope, which had occur-
red in consequence of the mental shock experi-

enced at the moment of submersion. In the
9 |
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of apparent Asphyxia, have oceurred in forms of
syncope having few if any of the characteristics of
Asphyxia. Leroy considers it desirable that some
means of distinguishing syncope from Asphyxia
should be discovered. ' It is most probable, how-
ever, that, when syncope has continued a con-
siderable period, the state of the capillary
circulation may acquire more of the characteris-
ties of Asphyxia, and that some congestion may
oceur in the large veins. In the absence of any
correct means of diagnosis, it is proper to neglect
all attempts to distinguish the two diseases, and
to employ for the restoration of all cases of
suspended animation, with ecaution but with
zeal, the means used in Asphyxia.
Notwithstanding the dangers attending insuf-
flation, it is a remedy of too efficient a character
to be abandoned, in attempting to remove so
terrible a condition of the organs as occurs in
Asphyxia. But this operation ought never to
be entrusted to inexperienced persons, and when
performed by the most skilful, the utmost caution
is requisite to prevent the pernicious consequences
of too rapid and too copious an introduction of
air into the lungs. Hunter’s bellows with two
valves should be used, but improved by the
adaptation of Leroy’s graduated are to the han-
dles, by means of which the quantity of air to
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attendant on brisk inflation of the lungs have
been discovered, the laudable anxiety of affording
efficient relief to the patient will less frequently
prompt the practitioner to employ means which
render it difficult to avoid the hazards attending
this operation. Instead of dividing the trachea,
Leroy’s curved tubes should be introduced through
the glottis into the larynx. To facilitate the intro-
“duction of these tubes Leroy has devised a simple
instrument, by which the root of the tongue may
be depressed, and the epiglottis elevated. This
instrument is deseribed in the explanation given
of the engraving at the end of this volume.

The lungs of infants appear, from Leroy’s ex-
periments, to be less liable to be ruptured by
inflation than those of adults. 1In Asphyxia, in
new-born infants, insufflation may therefore be
performed with less risk than at a later period of
life, when the lung has lost that fleshiness and
firmness which distinguishes its tissue in very
young children.

In Asphyxia from submersion Louis* con-
ceived that fluid is frequently inspired into the
bronehi. Détharding, Senac, Wepfer, and Con-
rad maintain that the glottis is spasmodically

# Memoire sur la Bronchotomie. Par M. Louis. Memoires de I’
Academie de Chirurgie. T. xii. Edit. 12mo.
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their experiments ; but, on this subject, autho-
rities differ widely. Berger* and Larry sustain
the opinion of Lounis. Waldschmit, Becker,
Détharding, &e. are opposed to it. Morgagni
did not discover any spumous fluid in the lungs
of guinea pigs which he drowned. Evers and
Desgrangest make the same report concerning
their observations, and Piorryl says, that if the
animal drowned remain beneath the water from
its immersion until death, no spumous matter
will be found in its lungs. Orfila§ thinks that
much of the frothy fluid found in the bronchi is
produced by the congestion of the lungs and air
passages during the agony of death, which oe-
casions the exudation of mucus and serum, as is
observed in some cases of epilepsy and death by
hanging. Morgagni had observed, that the quan-
tity of fluid found in the bronchi depends in a
great measure on the position of the body while
immersed, and when taken from the water. If
the head be dependent, he says, less fluid will
generally be found in the bronchi than if the
head be buoyant; and sometimes a considerable
quantity of fluid has been observed by Orfila,

* Essai Physiologique sur la cause de I' Asphyxie par Submersion, 1203.
+ Instructions sur les Secours & donner aux Personnes Noyées.

1 Journal Hebdom. de Méd. Tome iii. p. 556.

§ Archives Gen. de Méd. T. xiv. Diction. de Médicine.
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to flow from the mouth and nostrils, when the
head was lower than the trunck on bringing the
body to land.  He does not, however, distinguish
cases which had been long immersed from recent
deaths by drowning.

Orfila believes that a greater or less quantity of
water is generally inspired during the agony of
drowning, and that the existence of froth in the
bronchi depends, in a great measure, on the cir-
cumstance of the animal’s having risen to the
surface and respired air once or twice previously
to its final submersion. In dogs plunged into
water coloured with ink, mud, or soot, Orfila in-
variably found that some water penetrated their
lungs, and he says that more is invariably found
when the dog is brought out of the water with the
head elevated ; and that whenever the animal has
risen to the surface to respire, a frothy fluid is
discovered in the trachea and bronchi, which may
sometimes be distinguished by the naked eye
beneath the pleura, and which may be expressed
from the lungs through the trachea. Probably,
some part of the spumous fluid found in the lungs
of such animals was produced by the prolongation
of the agony of death, consequent on the partial
supply of oxygen obtained by these successive
inspirations.

Notwithstanding the observations of Orfila, 1
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am inclined, from what I have observed, to believe,
that water generally enters the bronehi in such
small quantities as in no respect to interfere with
the process of respiration, and that it is generally
excluded by the spasmodic action of the glottis.
In several drowned persons who had not remained
long in the water after death, which I have exa-
mined, the quantity of fluid found in the lungs
has been inconsiderable. Dr. Roget* is, I per-
ceive of the same opinion, and his authority
deserves great respect. It must likewise be ob-
served that the cases examined by Orfila had
generally been under water long before they were
examined. Orfilat however observes, “ 1 have
opened at the Morgue many bodies of persons
drowned, which had not been in the water more
than a few hours, and T have often found * écume
ou un liguide écumenr” in the trachea and bronehi ;
in a small number of cases only, I have observed
nothing of this nature, but it must be remembered
that the men are accustomed to remove the bodies
with the head downwards from the eart in which
they are brought.” Bodies remaining under water
some hours cannot however be legitimately com-
pared with those removed from it after the lapse
of a few minutes, especially as Dr. Edward

* Cyclop. of Practical Medicine, p. 174.

+ Dictionaire de Medicine. Tome xx. p. 25. Art. Submersion.
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with a syringe have been encouraged. But when
the fluid fills the minute ramifications of the
bronehi, it could not be removed by these means
even were the trachea divided, and the instru-
ment of Desgranges used. = In cases in which
the spumous matter exists in smaller quantities,
and only in the trachea, efforts for its removal
by the introduction of a large canula into the
glottis, and by suction with the mouth or with
a syringe, may be of service, but when this ac-
cumulation is great, the case is beyond the
present resources of the art.

Pelletan,* Desault,f Burns,{ unite in recom-
mending the introduction of the curved canula
into the glottis, as an operation exceedingly
preferable to tracheotomy, and, with the aid of
Leroy’s instrument, this may be so easily accom-
plished, that all excuse for the latter operation
is removed. :

In this chapter the methods of attempting to
excite artificial respiration by instruments, by
the bandage, and by galvanism, have been de-
seribed. The dangers attending this operation
have been fully discussed, its utility and im-
portance enforced, and the means by which it

* Clinique Medicale. Tome i. p. 29.
t Euvres Chirur. Tome ii. p. 239.
+ Surgical Anatomy of the Head and Neck, p. 384.
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only of arterial blood be transmitted through
the lungs, that would be sufficient to restore the
respiratory movements, by rousing the brain and
nervous system, to,which this fluid would then
be distributed by the arteries.

If arterial blood were transfused into the
veins in Asphyxia, it would be mingled with the
whole mass of the venous blood existing in the
heart and vena cava, and would lose much of its
distinguishing properties by  this admixture.
Truly, = large portion of this mass of blood
might often be withdrawn, by making a free
opening in the jugular vein, and by pressure on
the chest and.abdomen, so applied as to urge the
volume of blood in the vena ecava upwards, and
to cause it to flow through this opening; or a
canula might be introduced into the vein, and
a considerable quantity might be removed by a
syringe. It is however probable, that neither of
these methods would sufficiently prepare the
body, to make the transfusion of arterial blood
an efficient remedy in Asphyxia; and we may
very reasonably doubt, whether science will
ever afford us the means of accomplishing this
result. Nevertheless, the barrier does not appear
S0 great as to be insurmountable, and a history
of the origin and progress of transfusion, may
serve to shew, that this operation has relations
to Asphyxia which ought not to be overlooked.
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performed by Dr. Christopher Wren—Savillian
professor in the University of Oxford—in which
medieated infusions were injected into the veins
of animals. Wren’s method consisted in putting
a ligature on a vein, and, having made an open-
ing between the ligature and the heart, in
introducing the beak of a slender syringe, ora
quill fastened to a bladder containing the matter
to be injected, and then propelling it into the
current of the eirculation. Lower afterwards
connected the carotid artery of one animal with
the jugular vein of another, by means of a tube;
and whilst blood was thus transfused, he also
permitted it to flow, from time to time, from a
tube, inserted into the upper portion of the
jugular vein of the animal on which the trans-
fusion was practised, in order that the plethora
might be relieved. The operation was continued,
until the animal from which the arterial blood
was taken died, at the side of that into which it
passed. This experiment, Dr. Lower frequently
exhibited in the universities, and the dog which
had received the fresh charge of blood generally
leaped from the table immediately after the
operation, shook himself, and ran away without
ailment. Dr. Lower proposed, in a letter ad-
dressed to Mr. Boyle, that experiments should

be made to ascertain the effects of exchanging
2K
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faculty of Paris were previously obtained. Each
party engaged in this dispute committed extra-
vagant excesses. The promoters of transfusion
laid claim to the discovery of an universal remedy
which would restore health, youth, and vigour—
assuage diseases of the mind—ecalm the most
violent dispositions—and might even prolong-life
beyond its natural term. Their opponents con-
tended, that not only were these pretensions false,
but that the operation was always dangerous,
and sometimes fatal. The whole controversy
degenerated into a contest of the most virulent
abuse; in which each party degraded itself, in
the attempt to overwhelm its rival with reproach,
by denouncing it with every ignominious epithet.

The whole ecity was agitated by this contest;
it became the topic of the day—and as it occa-
sioned eager debate in every circle of society,
from the courtier to the humble student of science,
some account of experiments which attracted so
much notice may not be useless or uninteresting
here.

Denis and Emmerets performed transfusion,
by connecting the artery of the emittent animal
with the vein of the recipient—blood having
been previously abstracted from the latter ani-
mal.  Their first experiments were made on
brutes. The blood of three calves was transfused
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had been tried—Dbut the remedies seemed rather
to exacerbate than relieve his malady.

His last relapse had occurred four months
before the operation was tried, at a place about
twelve leagues from Paris. He had been con- |
fined but contrived to escape, and ran away to
Paris, in a dark night, quite naked. He was
said to have spent these four months without
sleep ; rending his clothes ; running naked about
the Marais du Temple, and endeavouring to burn
everything that he could lay his hands upon. M.
de Montnor proposed to Denis and Emmerets
that this man should be subjected to a trial of
transfusion. They encouraged the experiment,
saying that they * could indeed give good as-
surance for his life, and that the operation was
incapable of causing the death of any one if
discreetly managed:” but professing to doubt
whether it would relieve his malady. They
however encouraged the hope that some im-
provement might be expected from transfusing
the blood of a calf, which might by its mildness
and freshness, as they thought, allay the heat
and ebullition of the patient’s blood.

The operation was performed on the 19th of
December, before many spectators distinguished
by rank and professional eminence. Emmerets
opened the crural artery of a calf, and made






261

diate and very sensible, are thus deseribed. As
the blood entered his veins, he felt heat along
the arm, and in both axillee. His pulse speedily
rose, and a copious perspiration covered his face.
Immediately afterwards, his pulse became very
irregular; he complained of pain in his loins,
that he was sick, and that he should choke unless
released. The pipe was therefore removed, and
during the closing of the wound he vomited freely
food which he had taken about half an hour
previously. He also vomited much and was
frequently purged during the early part of the
night, but fell asleep about ten o’clock, and did
not awake until the following morning at eight
o'clock. Denis reports that “he then shewed a
surprising calmness and great presence of mind.”
He made a glassful of black urine. He confessed
himself to M. De Vean with muech propriety,
and was drowsy during the day and unwilling to
be disturbed. Next night he slept well. On
the following morning, he filled another urinal
with water as black as that of the preceding
day, and bled so freely from the nose, that it
was considered proper to take two or three small
vessels of blood from him. Next day he again
confessed himself, and was admitted at his own
request to the sacrament by M. Bonnet ; it being

then a time of jubilee. After this day. his urine
2L
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licitor-Geeneral ; that some days afterwards the
operation was begun, but that as scarcely any
blood issued either out of the foot or the arm of
the patient, a pipe was inserted, which made
him ery out, though it appeared not that any
blood of the calf passed into his veins; that the
operatibn was stopped, and that the patient died
the next night.” From other accounts it appears,
that as soon as the transfusion was commenced,
the patient was seized with shivering, and com-
plained of great oppression, erying out, * Arretez
—je me meurs—je suffoque.” Lamartiniére ac-
cuses the transfusers of disregarding his eries,
and continuing the operation until he died in
their hands. Denis, on the other hand, affirmed
that little or no blood entered the man’s veins—
accused the wife of having administered poison
to him—demanded that the body should be
examined, and the inspection being refused, ap-
plied to the magistrates to be heard in his own
justification. Meanwhile the enemies of the
operation united, and are said to have offered
money to the woman to give evidence against
the transfusers. These contests were closed by
the sentence of the Chastelet, which decided:
“ that the operation had succeeded well the first
two times; and had not been undertaken the
third, but at the earnest request of the woman,
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not purposes of a humbler, but of a more rea-
sonable character, to which so powerful an agent
might be applied.

Dr. Harwood, professor of Anatomy in the
University of Cambridge, attempted to revive
the inquiry econcerning the utility of transfusion,
by making it the subject of his Thesis in 1785.
He performed many experiments on animals,
which he subsequently exhibited, in his lectures
on comparative anatomy, in the schools of the
University.

In the abridgment of the transactions of the
Royal Society edited by Drs. Hutton, Shaw, and
Pearson, the following note oceurs relating to
Dr. Harwood’s experiments. ** Dr. Harwood,
the present professor (1809) of anatomy at Cam-
bridge, having perused the accounts of Lower
and others concerning the transfusion of the
blood, and being equally dissatistied with the
mode in which the former experiments had been
conducted, and the superstition and prejudice
which occasioned the subsequent relinquishment
of the practice, was induced in the year 1785 to
make it the subjeet of his Thesis; preparatory
to taking his M. B. degree in that year. Upon
this ocecasion, the professor made a number of

* Abridgment of the Phil. Trans, I 185 note. Vol. i.
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he had lost of his own, he leaped from the table
and walked home, without experiencing any ap-
parent inconvenience either then, or at any
subsequent period. The experiment was per-
formed before a very crowded meeting at the
public schools in the Botanic Garden of the
university. It has been frequently repeated
since, and a variety of other animals have been
subjected to the same experiments, and with
equal success.”

The great defect in most of the experiments
yet related is the want of precision in ascertain-
ing the quantity of blood transfused. Concerning
the majority, it cannot be confidently affirmed
that any considerable quantity was received by
the animals subjected to the operations. When
the blood of a different species was injected,
much temporary disturbance often oceurred in
the health of the recipient animal, but it gene-
rally recovered from a moderate transfusion.
This constitutional derangement must be attri-
buted to a difference in the qualities of the blood
in the animals employed—occasioning an unna-
tural excitement that gradually subsided, as the
blood was assimilated to that of the recipient
animal.

Little is known concerning the distinguishing

qualities of the blood of animals, and for what
2 M
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in reviving a dog by transfusion, which had ceased
to respire during five minutes. IHe also nou-
rished a dog three weeks by the mere trans-
fusion of blood into the external jugular vein
—having, in this period, injected nearly eighty-
four ounces of blood from other animals of the
same species.

Dr. Blundell’s experiments on the transfusion
of blood from animals of different species, are
quite consistent with those of Prevost and
Dumas. He coneludes, that the blood of one
genus cannot be substituted, indifferently and in
large quantities, for that of another. Thus several
dogs which might have been revived after copious
hemorrhage, by the injection of blood from
animals of their own species, died when consider-
able quantities of human blood were substituted
for that lost by bleeding. Dr. Leacock had also
previously published similar facts in his Thesis in
1817. The experiments of the old transfusion-
ists, and those of Dr. Harwood, however, shew
that small quantities of the blood of animals of
some species, may be introduced into the circu-
lation of animals of certain other species, with-
out occasioning death, though the operation is
generally followed by unpleasant effects. Human
blood has recently been injected into a dog by
Mr. Goodridge, of Barbadoes, and though the
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distressing secondary consequences of extreme
exhaustion from hmmorrhage are said to have
been avoided, and a more rapid restoration of
health to have oceurred, when the operation has
been employed, than could have been expected,
even if the case had revived without this last
resort.

In the present state of our knowledge, how-
ever, transfusion ought never to be performed,
excepting when all other remedies have failed.
So many hidden dangers are discovered by ex-
perience, that prudence is one of the chief signs

of wisdom, and rashness, of ignorance and folly.
~ An astute practitioner will be ecareful also, not
to expose a remedy of such power to unmerited
reproach, by lightly resorting to it, in cases in
which a favourable termination is still within the
limits of hope. Having commenced, what must
still be regarded as a new operation, only the
greatest ignorance or the most wanton folly will
ever be suspected, of a want of that watehful
serutiny during its progress, both into the symp-
toms of the patient, and the details of the
operation itself, which can alone ensure its
suceess.

The shock given to the nervous system by severe
hemorrhage is somtimes so great, that even if

transfusion be performed before sensibility is
2N
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immersion of a body plunged into water after
swooning. But the influence of the water on
the nervous and muscular systems; the abstrac-
tion of that moderate supply of air which would
otherwise enter the lungs from the agitation of
the atmosphere, and from the constant exchange
of the warm air contained in these organs, for
that of the eolder external medium ;—and the
entire exclusion of its influence on the skin ;—
these are important circumstances, by the in-
fluence of which we may conceive that states
of syncope may be so much modified, as to

in the month of July last, going over one of the bridges (Pont des Arts),
observed some persons carrying a man just taken out of the water to
the bureau, where aid i3 afforded to the drowned ; those who carried the
drowned person kept his feet high and head low, and were inflicting
hard blows over his chest, loins, and posteriors with the palms of their
hands. M. Bourgeois proceeded instantly to the bureau, directed the
person to be placed in the horizontal posture, and began to administer
assistance himself, although the man did not show any signs of life, and
had been under the water for the space of twenty minutes. The means
used to recal life, consisted in dry frictions of the whole body, moderate
inflation of air into the mouth and lungs, tickling of the sole of the foot,
hypochondria, excitement of the nostrils by the smell of liquid ammonia,
injections up the rectum of warm water, with some salt in it, and then
info ong of the veins of the left arm. The vein, on being opened, did not
al first furnish any blood. Every effort appeared for a while fruitless ;
when after the lapse of an hour, the flow of blood from the opened vein
showed that the circulation began fo re-establish itself. A ligature was
immediately placed on the arm, and, in a few minutes, ten ounces of
blood were obtained. From that time the circulation and respiration
returned, the chest evidently showing that the latter function was
restored.  But just at the moment when the symptoms of Asphyxia
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semble Asphyxia, without partaking of some of
its most fatal features, though they cannot be
distinguished from it by any external indication ;
it becomes interesting to inquire, whether the
transfusion of arterial blood may be employed,
as a means of resuscitation in such states.
Thinking this inquiry by no means beyond the
limits of legitimate investigation, I have endea-
voured, by a history of transfusion, to place
before the reader, at once the errors of those
who formerly promoted false hopes of the effi-
ciency of this remedy, and the reasonable views
of the modern patrons of this operation, in order
that this inquiry may be commenced, without
undue expectations of success.

Disgust with physiological experiments, arising
from too great a conversance with their harrow-
ing details, has induced me to relinquish the
pursuit of an inquiry into this subject, for the
illustration of whieh this history was prepared as
a preliminary study. The few experiments which
I reluctantly performed on this question were,
however, attended with such results, as to induce
me to expose in this chapter, the drift of my
speculations on this subject, confiding their future
prosecution to those, who may enter this field of
investigation with fresher feelings than those, with
which 1 am compelled to retire from it.






283

of the cord on the jugular veins, which inter-
rupted the return of blood from the brain, whilst
it was still supplied by the vertebral arteries, and
thus produced apoplexy. Thus, acecording to
Aristotle, the ligature or compression of the in-
ternal jugular veins produced insensibility. Galen
however demonstrated that no such effect fol-
lowed this operation; and experiments, similar
to those whieh he performed, were made by
various physiologists, from Galen to Valsalva,
with the same result. Morgagni* critically ex-
amines the labours of his predecessors, and
though he regards some of their experiments
with considerable suspicion, those of Desnoves
and Lamure convinee him that the external and
internal Jjugular veins may be tied without any
disastrous effects. Dr. Kelliet tied the ecommon
Jjugular and the recurrent veins low down in the
neck in two dogs—one appeared to suffer no in-
convenience, and the second, though rather dull
and heavy for two days, speedily recovered. 1
have frequently included the carotid arteries and
internal jugular veins on both sides of the neck
in ligatures, in a series of experiments performed
on dogs, with the hope of elucidating the nature
of ramollissement du cervean. The circulation

* De Sedibus et Causis Morborum. Lib. ii. Epist. xix.
t Edin. Medico-chirurgical Trans. Vol. i. p. 162,
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head.* The internal jugular veins have also
been tied in man by Mr. Simmons{ and Dr.
Simson,} and the common ecarotid and internal
jugular§ have been obliterated by the pressure
of tumours, without any ill effects having been
produced. Galen having discovered that the
ligature of the carotid arteries and jugular veins
was not fatal, attributed death from hanging to
the lesion of the pneumogastric nerves, and
thought that the function of no other part was
disturbed. Death from strangulation was, how-
ever, until very recently, attributed to the
pressure exerted by the rope on the jugular
veins, whereby the return of the blood, trans-
mitted to the brain by the vertebral and carotid
arteries, was prevented, and apoplexy produced.
The constriction of the trachea by the cord, and
the obstacle to the entrance of air into the lungs
occasioned by this cause, seem to have been en-
tirely neglected by the earlier writers. Even
Morgagni, who gives a most elaborate history of
the opinions of his predecessors, in commenting
on the experiments of Galen, says, that if the

* Medico-Chirurgical Transactions, Vols. ii. and vi: Operations of Mr.
Travers and Mr, Dalrymple, for the cure of Aneurism by Anastomosis.
T Medical Facts and Observations, Vol. viii.
I Edin. Medical Essays, Vol. v.
§ Edin. Med. and Surgical Journal, Vol.iii. Edin. Med-chir. Society’s
Trans. Vol. i.
20
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of persons perishing by suspension. The fol-
lowing experiment of Coleman supports their
opinion : ** the trachea of a dog was laid bare,
and secured by a ligature”; * in less than four
minutes he ceased to struggle.” * A portion of
the cranium was removed, and the veins of the
head were evidently less distended than natural.”
The observations of Dr. Monro and Dr. Kellie,t
on the bodies of eriminals who had perished on
the gallows, coincide with those of Morgagni.
No sign of congestion of the brain was disco-
vered in any of the cases examined by them.
Dr. Monro found the brain extremely soft, espe-
cially internally, in a woman hung at Montrose,
and in other eriminals: but in the brain of a
pirate hung at Leith no sign of congestion could
be detected. No appearance of brainular con-
gestion is discovered when animals are killed
after a ligature has been placed on both the in-
ternal jugular veins, nor when these vessels have
been obliterated by the pressure of tumours.
Abundant evidence is thus afforded, first, that
the ligature of the vessels of the neck does not
oceasion immediate death, and then, that the
constriction of the cord on the neck in hanging
does not produce congestion of the brain. It is

* On suspended respiration, p. 137
t Edinburgh Medico-Chirurgical Trans. Vol. i. p. 131.
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turgescence of their vessels with blood. The
eyes are prominent and stare; and the whole of
the superior portion of the trunk is congested.
Not unfrequently, the surface is discoloured with
ecchymoses, or blood issues from the mouth min-
gled with a frothy mucus.

Sometimes, as Deslandes has observed, the
rope is placed between the lower jaw and the
larynx, and in this and other positions, it may
not occasion a perfect obliteration of the air-
passages ; a result which may also be prevented
by the rigidity of the cartilages of the larynx.
A meagre supply of air may thus be afforded the
victim—insufficient to maintain life, but capable
of prolonging his tortures. Those who perish
by their own hands, not unfrequently, from their
ignorance or recklessness, thus encounter the
most miserable and protracted agony; and the
signs of congestion in the head and in the supe-
rior portion of the trunk are more evident in
them. In all such eases, the actual disturbance
of the balance of the ecirculation in the brain is
certainly grefiter, than when death takes place
at an earlier period, but there is no evidence
that this congestion oceasions apoplexy, and life
18 generally extinet before such a result could
ensue, from the gradual aceumulation of blood
in the brain. That the chief cause of death in
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the upper part of the neck was constricted by
the cord. The man was, however, very heavy,
and it is probable that other accidents besides
the interruption of respiration were produced by
his fall, for, when the body had hung the usual
time, having been cut down and given to his
relations, the surgeon drew blood from the jugu-
lar vein, and used the utmost exertion to restore
life; but only slight evidence of vitality trans-
pired. Onee, the malefactor opened his eyes,
and sighed; but after that, no sign of life
occurred.

A woman named Snetta de Balsham, in the
reign of Henry the Sixth, having been con-
demned to death, was hanged, and remained
suspended one whole night, when she was cut
down and was found to be still alive. This ap-
peared so wonderful that she was pardoned. Dr.
Plott however, who relates this extraordinary
circumstance,® affirms that she was preserved by
an ossification of her larynx, which resisting the
constriction of the cord, the air-passages re-
mained pervious, and respiration proceeded.
Some other similar facts are described by Bonett
and Fallopius.i

* Natural History of Staffordshire, p. 292,
T Bonet. Lib. vil. sec. xii. obs. 2,
t Fallopius. Tom. i. obs, 6.
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parts of the neck® in death by suspension ; such
as rupture of the muscles and effusion of blood
into the cellular substance—severe injury to the
larynx, the luxation or fracture of its cartilages
&e. &ec. and apoplexy has sometimes been pro-
duced, as is demonstrated by the unequivocal
sign of an effusion of blood in the substance of
the brain, deseribed by De Haent and other au-
thors.f  But these are rather the accidents with
~which death by hanging is complicated, than
features of this form of Asphyxia.

Mr. Brodie is of opinion, as we are informed
by Dr. Paris,§ that if an animal recover * from

® 1], Valsalva a remarqué la rupture des muscles qui unissent I' os
hyoide au larynx et aux parties voisines, de sorte que cet os était séparé du
larynx ; et dans un autre cas il a trouvé les muscles sternothyroidiens
et hyothyroidiens déchirés et le cartilage cricoide rompu; 2. Weiss o
rencontré le cartilage crocoide brisé en plusieurs petits morceaux, et la
partie supéricure de la trachée-artére entitrement détachée du larynx;
3. Morgagni et Valsalva ont observé la rupture du larynx: b la verité
Morgagni note qu’ il ne I'a jamais vue sur de jeunes sujets dont le larynx
est plus flexible et moins cassant; 4. d’ aprés Cornélius, la veine cave
s¢ rompt quelquefois sur les animaux étranglés; 5. Littrea trouvé do
sang épanché & la base du criine et dans les ventricules cérébraux sur
une femme gue deux hommes avaient étranglfe en lui serrant le cou
avec les mains, et dans une autre circonstance il & vu la membrane
du tympan déchirée et beaucoup de sang épanché dans I' oreille;
6. Nanni, disséquant un voleur qui avait été pendu, rencontra le sinus
longitudinal déchiré.”—Orfila, Lecons de Médicine Legale. Note, p. 361,
Tome ii.

t Rat. Med. Continuat. Tom.i. part. ii. 8vo.

! Hooper—Paris and Fonblanque. Vol. ii. p. 43.

§ Paris and Fonblanque. Medical Jurisprudence. Vol ii, e 4,
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ture should be removed from the neck as soon as
possible, and the head and shoulders of the body
should be raised considerably higher than the
trunk. As the vietim has not been plunged into
a cold medium it is not necessary to apply a
temperature higher than 68° Fahr., and, in mild
weather the body should therefore be stripped
and exposed as freely as possible to the air.
*Friction may be employed as recommended in
the directions given for the recovery of the
drowned, and artificial respiration should—with
a due observance of caution—be resorted to at
the earliest moment.

Bleeding is seldom requisite in Asphyxia from
submersion ; but it is prudent after suspension
to relieve the vessels of the scalp, and of the
integuments of the face and neck from their
turgescence, which otherwise might increase the
tendency to congestion in the brain, as well as
that disturbance of the cireulation within the
cranium which does exist to a certain extent.
Blood should be abstracted from the external
Jugular vein, but not in quantities greater “thant
may be sufficient to relieve the vessels of the
head, without weakening the powers of life.”
The quantity neeessary to this result has, I think,

* Preliminary Letter, p. 63.
t Royal Humane Society’s Report for 1833, p. 105.
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preserved, only within a eertain range of tempe-
rature, for any considerable length of time. The
human body is especially incapable of enduring
a long continued elevation of temperature greater
than its natural warmth. The compensations
made by the eutaneous and pulmonary transpira-
tion, and by the secretions poured from the
various excretory organs, when combined with
the most careful attention to clothing and diet,
cannot enable man to sustain the influence of a
mean range of external temperature greater than
his own animal warmth, and the mean atmosphe-
rie heat of no elimate reaches this standard within
ten degrees.

On the contrary, men inhabit regions in which
the mean external temperature is depressed be-
low the zero of Fahrenheit’s scale ;—the faculty
of evolving caloric being supported by proper
food, and the dissipation of heat prevented by
suitable clothing. When the human body pro-
perly nourished and well clad has been gradually
subjected to the influence of a continually les-
sening external temperature, like that which
occurs in the change from summer to winter, or
the gradual removal from a warm to a colder
climate, the faculty of producing heat is invigo-
rated, and the power of resisting the influence
of external cold consequently strengthened.
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periments of Majendie* on the section of the
fifth pair show how necessary the influence of
that nerve is to the healthy condition of the
funetions of the different senses, and to the nu-
trition of the structures of the eye.

Intense cold, locally applied, depresses the
vital energies of the part, first depriving it of
the influence of the nervous system. Sensibility
is speedily benumbed and then destroyed—the
motive power of museular struetures is enfeebled
—the actions of these organs become weak,
irregular, and trembling, or even complete para-
lysis occurs. At the same moment, the bulk of
the tissue exposed to this influence is dimi-
nished ; the minute vessels are contracted, their
activity impaired ; the eirculation is enfeebled, the
quantity of blood distributed through the tissue
is diminished ; and these changes proceed until
the vital current stagnates in the eapillaries, and
nutrition, seeretion, and the calorific process
* being extinguished, the structure becomes rigid
and congeals. These effects of the local appli-
cation of intense cold may ensue without any
injury being inflicted on the internal structures
of the body, and the extremities are often thus
lost in cold climates, because these parts are

* Journal de Phyziologie,

2q
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of both which it will immediately be necessary
to speak more particularly—it becomes apparent
that a period must arrive, when the organic
innervation of the lungs must be so much en-
feebled, and the temperature of the air con-
tained in their cells so much reduced, that the
meagre tide of blood circulating through them
must cease to undergo those changes, which
usually oceur in it from respiration. Legallois
and Dupuytren have, in my opinion, satisfactorily
shewn that the pneumogastric nerves exert a
marked influence over the changes which usually
oceur in the blood during respiration, even when
these nerves are only divided in the neck, an
operation which merely deprives the organie
centre of pulmonary innervation of the in-
fluence derived from the cerebral system. The
experiments of our own astute surgeon and
able physiologist Brodie* prove, that the organic
innervation of the lungs is not immediately de-
stroyed by this operation, and that the changes
which usually oceur in the blood may proceed
for some time, even after an animal is decapi-
tated, provided artificial respiration be carefully
maintained. But it is evident, that by both
these operations the organic centre of the pul-
monary nerves is only secondarily affected ; and

% Phil. Trans.
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as it is discovered that the injury which these
nerves thus sustain is so serious, that the changes
occurring in the lungs become gradually less and
less perfect until, after a certain period, they
cease, sufficient proof is I think obtained that
the funetion of respiration is, like every other
function, subjected to the influence of the ner-
vous system. The experiments of Edwards*
shew that cold exceedingly depresses the nervous
energy, but in estimating the influence of ex-
tremely low temperature on the animal economy,
though death from this cause has been classed
with Asphyxia, the effects of cold on the pul-
monary innervation have seldom or never been
considered. When, however, this nervous in-
fluence is weakened, and the air in the lungs
cooled, nearly to the temperature of the external
medium, it is evident that the pulmonary system
of nerves cannot resist that benumbing influence
which paralyses every other power.

The body is most easily affected by external
cold when exhausted by fatigue or undue excite-
ment, or when the vital energies are subdued by
the depressing passions. The rapidity with which
calorie is abstracted depends on various external
circumstances—thus a strong, cold wind, loaded

® Sur I'nction des agens sur la vie.
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sinuses,—the same soundness of the cerebral
texture,—and the same serous effusion, amount-
ing, in the one, to nearly four ounces, in the other
to about three”  Similar appearances were de-
seribed by Quelmalz.* Cappelt also found great
congestion of the internal viscera; and Rosen]
discovered that the vessels within the cranium
were much distended with blood. Parat and
Martin confirm the observations of Dr. Kellie
as far as their investigations extend. All agree
in the congestion of the pectoral and abdominal
viscera, the bloodless state of the surface, and
its perfect integrity. Perhaps the most remark-
able circumstance observed in these post mortem
examinations is the great effusion of serum into
the ventricles of the brain. Many nosological
authorities have classed death from cold with
comatose diseases, and Dr. Cullen considers this
condition a species of apoplexy. The lethargy
with which the whole nervous system is benumbed
in the first moments of death from ecold, differs
from the condition of this system in apoplexy,
which disease chiefly depends on the loss of the
balance between the venous and arterial capil-
laries in the brain, or on the sudden effusion of

* Progr. quo frigoris acrioris in corpore humano effectus expedit, Lip-

siee 1755. Halleri Disp. Medic. Tom. vi. Lausann® 1758.
+ Observ. Anat. dec. i p. 2,
1 Rosen. Anat, p. 142,
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causes. The interruption of the respiratory fune-
tion, from the loss of nervous influence conse-
quent on the embarrassment of the circulation
and the loss of power in the heart, together with
the constriction of the vessels of the surface and
extremities, may greatly increase the tendency
to congestion in the brain, already established
by the want of mobility in the vessels of its
mass. From these combined causes, we may
perceive how the balance of the eirculation may
speedily be destroyed, and effusion from the ves-
sels oceur.

Treatment of the effects of eveessive cold.—
When the torpor, with which the organs of mo-
tion and the mental faculties are affected after
exposure to cold, commeneces, the utmost efforts
should be made to prevent its inerease. If the
mental hebetude be not overcome, the vietim
will perish. The excessive lassitude and feeble-
ness experienced by him can only be removed by
such exertion, as by exeiting the vascular actions
shall restore the organic motions of the extremi-
ties and of the organs affected. The feet should
be stamped upon the ground; the hands rubbed
against each other ; the arms thrown with force
across the chest ; and the extremities protected,
as much as possible, from the effects of the eold.
Hay or straw, if it can be proeured, should he
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power of motion return. The friction must be
very gentle at first, but may be, by slow degrees,
applied with a somewhat greater force. When
sensibility and the power of motion return to the
parts affected, the bathing or the rubbing with
snow should be repeated once every hour, and
continued a longer or shorter time, as the pains
are more or less violent.

platrent les mains et la figure quand ils ont & voyager au froid. 1l parait
que la térébenthine appliquée sur un membre gelé, qu’ on expose ensuite
graduellement & la chaleur pour faire fondre cette résine, afin qu’ elle
pénttra le plus chaud qu’il est possible, est aussi un moyen utile pour
les membres gelés; on les enveloppe bien ensuite jusqu' & parfaite
guérison.”"—Diction. des Sciences Medicales. Tome xvii. p. 70.
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mingled in various proportions, and brevity re-
quires that our attention should be confined to
the effeets of those gaseous combinations from
the respiration of which accidents most frequently
oceur. 1 shall moreover restrict myself, as much
as possible, to an account of their pathological
effects, and of the remedial processes which it is
necessary to employ for their removal.

Air may be contaminated by respiration in a
confined apartment, until it becomes unfit to
support life. The symptoms induced by the res-
piration of an atmosphere thus contaminated, are
partly derived from the effects of the abstraction
of oxygen from the air which is inspired, and,
partly, from an increase of the quantity of car-
bonie acid gas, which exerts a pernicious influence
on the nervous system. One hundred and forty-
six Englishmen were imprisoned in a dungeon
twenty feet square in Fort William,* at Caleutta.
This room was pierced by only one small
window, and, during the night on which they
were thrust into this terrible place of torture, all
perished exeepting twenty-three. Their sufferings
were of the most frightful character, being com-
bined of the effects of gradually increasing suffo-

* Hollwell. Narrative of the Deplorable Deaths of the English Gen-
tlemen and others who were suffocated in the Black Hole at Fort William.
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the irritant gases he inecludes nitrie oxide gas
and nitrous acid vapour, muriatic acid gas,
chlorine, ammonia, sulphurous acid, and some
others less important.

Workmen in chemical manufactories, and in
print and bleachworks, are chiefly in danger of
suffering from the influence of these gases.
Flannels are bleached by being exposed in close
chambers to the influence of sulphurous acid gas,
and in the flannel distriet, in the north-east of
Lancashire, I have not unfrequently seen great
pulmonary irritation induced in the workmen
who are obliged to enter these chambers, and
sometimes sudden inflammation of the lungs
which it has been very difficult to subdue. Simi-
lar effects from the inhalation of chlorine, and
sulphurous and muriatic acid gases, have come
under my observation in certain chemical works
in Manchester. This form of Pneumonia, when-
ever I have witnessed it, has been aceompanied
by great irritation of the Kidneys, indicated by
severe pain in the loins and derangement of the
renal secretions.  Twice, T have seen bloody
urine, with shooting pains in the direction of the
ureters, and great irritability of the bladder;
and at other times symptoms less peculiar. Con-
stant exposure in chemical manufactories to the
inhalation of an atmosphere strongly impregnated
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“ On this supposition, during a fit of enthu-
siasm produced by the respiration of nitrous
oxide, I resolved to endeavour to breathe nitrous
gas: one hundred and fourteen cubie inches of it
were aceordingly introduced into a large mer-
curial air-holder; two small silk bags of the
capacity of seven quarts were filled with nitrous
oxide.

“ After a forced exhaustion of my lungs, my
nose being accurately closed, I made three in-
spirations and expirations of nitrous oxide in one
of the bags, in order to free my lungs as much
as possible from atmospheric oxygen ; then, after
a full expiration of the nitrous oxide, I trans-
ferred my lips from the mouth-piece of the bag
to that of the air-holder, and, turning the stop-
cock, attempted to inspire the nitrous gas, In
passing through my mouth and fauces, it tasted
astringent and highly disagreeable; it occasioned
a sense of burning in the throat, and produced a
spasm of the epiglottis, so painful as to oblige
me to desist immediately from attempts to inspire
it.  After removing my lips from the mouth-
piece, when I opened them to inspire common
air, nitrous acid was immediately formed in my
mouth, which burnt the tongue and palate, in-
Jured the teeth, and produced an inflammation
of the mucous membrane, which lasted for some
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and inflammation of the throat and air passages,
accompanied by extreme constitutional irritation,
rapidly tending to a fatal oppression of the vital
powers.

Nysten* injected this gas into the veins, and
exposed an absorbing surface to its action; and
discovered that it produced results as fatal as
those which are observed when it is respired.
As it made the blood brown, he conceived that
it induced Asphyxia by decomposing the blood,
and he thus explained the feebleness of the pulse,
the extinetion of the motive powers, and the
remarkable loss of heat observed in this form of
Asphyxia.

Among the narcotic or sedative gases, I shall
chiefly direet the attention of the reader to the
effects of two—the sulphuretted hydrogen and
carbonie acid gases—because, at the same time,
allusion may be conveniently made to the effects
of other gases, whose properties resemble theirs;
and because they are the most frequent sources
of accidents to man.

Sulphuretted hydrogen is naturally produced
by the decomposition of animal and vegetable
substances, but it is especially disengaged from
common sewers and receptacles of exerementi-

* Recherches de Physiologie et de Chimie Pathologiques.
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quantities into the veins, without producing fatal
offects. Hence, he is inclined to suspect, that its
fatal qualities have been exaggerated. Its effects,
when injeeted into the veins, are however proba-
bly mitigated by the exhalation of a great quan-
tity of the gas from the capillaries of the lungs,
before it has been transmitted to the brain and
spinal eord, on which its specific influence is
exerted. IHis experiments on the effects produced
by the injection of this gas into the cellular tissue
and into the cavity of the pleura, as well as when
absorbed by the skin, confirm the experiments of
Chaussier, to which allusion has already been
made. Experiments performed by Drs. Christison
and Turner shew that this gas is extremely inju-
rious to vegetables, appearing to * exhaust} the
vitality of plants, and to cause in them a state
analogous to narcotic poisoning in animals. Four
cubic inches and a half, diluted with eighty
volumes of air, caused drooping of the leaves of a
mignionette plant in twenty-four hours, and the
plant, though then removed into the open air,
continued to droop till it bent over altogether and
died.”

The gases formed in the “ fosses d’ aisance” of

* Recherches de Physiologie et de Chimie Pathologiques, p. 123.
t Christison on Poisons, p. 590. Also Edin. Med. and Surgl. Journal.
Vol. xxviii. p. 361,

o m
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Paris, consist chiefly of combinations of ammonia,
sulphuretted hydrogen, and nitrogen. These ex-
halations produce the most fatal effects. Often
the individual exposed to them perishes in a
moment, his head and arms falling, and the trunk
being doubled up from the instant loss of mus-
cular power. If death does not immediately
oceur,® the vietim, when he recovers from the
first effects of this exposure, is affected with
pains in the head, nausea, fainting fits, severe
pains in the stomach and limbs, constriction of
the throat ; sometimes he utters involuntary cries,
or lapses into delirium accompanied with the sar-
donic laugh and convulsions; or tetanus ensues.
The face is pale—the pupil dilated and motionless
—+the mouth filled with a white or bloody froth—
respiration convulsive—the pulsation of the heart
irregular—the skin eold; until at length complete
Asphyxia and death terminate this scene of suf-
fering. When the individual has been exposed
to a less concentrated combination of the gases,
fainting, nausea, violent headache, colic, or
comatose affections oceur, from which he may
recover.

As T have no opportunity of making an imme-
diate reference to 1Hallé’s work, I shall quote an

* Adelon. Dict. de Médicine. Article Asphyxie, T. iii. p. 87.
+ Recherches sur la Nature du Méphetisme des Fosses d' Aisance. 1785.
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interesting passage from Dr. Christisan’s admirable
volume, to which I have made previous reference.
#« I order that thé reader may comprehend the
exact cause of these accidents, as it is not easy
for an Englishman to comprehend how a person
may be suffocated by the fumes of a privy, it is
necessary to explain, that in Paris the pipe of the
privy terminates under ground in a pit, which is
usually eontained in a small covered vault, or is
at the bottom of a small square tower open at the
roof of the house; and that the pit is often several
feet long, wide, and deep. Here the filth is
sometimes allowed to accumulate for a great
length of time, till the pit is full ; and it isin the
process of clearing it out that the workmen are
liable to suffer. M. Hallé has given an interest-
ing narrative of an attempt made to empty one
of these pits in presence of the Duc de Roche-
foucault, the Abbé Téssier, himself, and other
members of the Academy of Sciences, who were
appointed by the French government to examine
into the merits of a pretended discovery for
destroying the noxious vapours. The pit chosen
was ten feet and a half long, six wide, and at
least seven deep ; and repeated attempts had been
previously made without suceess to empty it. For

* Christison on Poisans, p. 591.
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some time the process went on prosperously
when at last one of the workmen dropped his
bucket into the pit. A ladder being procured,
he immediately proceeded to descend, and would
not wait to be tied with ropes. ‘But hardly,
says Halle, ‘ had he descended a few steps of the
ladder when he tumbled down without a ery, and
was overwhelmed in the ordure below, without
making the slightest effort to save himself. It
was at first thought he had slipped his foot, and
another workman promptly offered to descend for
him. This man was secured with ropes in case
of accident. But searcely had he descended far
enough to have his whole person in the pit exeept
his head, when he uttered a suppressed ery, made
a violent effort with his chest, slipped from the
ladder, and ceased to move or breathe. His head
hung down on his breast, the pulse was gone:
and this complete state of Asphyxia was the
affair of a moment. Another workman descended
with the same precautions, fainted away in like
manner, but was so promptly withdrawn that the
Asphyxia was not complete, and he soon revived.
At last a stout young man, secured in the same
way as the rest, also went down a few steps.
Finding himself seized like his companions, he
re-ascended to recover himself for a moment : and
still not discouraged, he resolved to go down

i
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again, and descended backwards, keeping his
face uppermost, so that he was able to search for
his companion with a hook, and withdraw the
body. It was found impossible to go on with
the operation of clearing out ; and the pit was
shut up again. The first workman never shewed
any sign of life; the second recovered after dis-
charging much bloody froth; all the persons in
the vault were more or less affected ; and a gen-
tleman, who in trying to resuscitate the dead
workman, incantiously breathed the exhalations
from his mouth, was immediately and violently
seized with the convulsive form of the affection.”*

Carburetted hydrogen, though less suddenly
fatal than sulphuretted hydrogen gas, is extremely
injurious to animal life. Sir Humphrey Davy's
attempt to breathe it is thus related.t “Mr. Watt’s
observations on the respiration of diluted /Aydro-
carbonate by man, and the experiments of Dr.
Beddoes on the destruction of animals by the
same gas, proved that its effects were highly dele-
terious.” ** In the first experiments, I breathed, for
nearly a minute, three quarts of hydro-carbonate,
mingled with nearly two quarts of atmospheric air.
It produced slight giddiness, pain in the head, and

* Hallé. Recherches, &c. p. 50.—Christison on Poisons, p. 593.
1 Researches on Nitrous Oxide Gas.
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less than a minute, 1 was able to walk, and the
painful oppression on the chest directed me to
the open air. After making a few steps, which
carried me to the garden, my head became giddy,
my knees trembled, and I had just sufficient in-
voluntary power to throw myself on the grass.
Here the painful feelings of the chest inecreased
with such violence as to threaten suffocation,” &e.
He continued to suffer during the rest of the
day from extreme feebleness, vertigo, nausea,
loss of memory, and deficient sensation, followed
by severe pain in the forehead, and transient
pains in the chest and extremities. This gas is
not unfrequently encountered by miners, who
sometimes perish by breathing it ; but its effects
are much mitigated by dilution, for Sir Humphrey
Davy breathed it with but slightly unpleasant
consequences when mixed with common air,
and in mines it is generally found thus mingled
with large quantities of air.

Carbonic acid gas is much more frequently the
cause of fatal accidents, than either of the sedative
gases whose effects I have deseribed. It is often
encountered in caverns, mines, and deep wells: it
is produced in great quantity in lime kilns,* and
in the huge vats, in which fermenting liquors are

* Lancet, 1828-9, Vol. ii. p. 725.
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It is generally found in mines mingled with a
large mass of air and is then ealled the choke
damp: it sinks to the lowest stratum of atmos-
phere contained in the mine because of its great
specific gravity, and henee it is very difficult to
remove it from the galleries in which the workmen
are employed. It issues in some voleanie regions,
in great quantities from fissures in the rocks,
and is found in caverns, as at Pyrmont in West-
phalia, and at the remarkable Grotto del Cane
at Naples, where, to gratify the morbid euriosity
of travellers, dogs are immersed in the gas col-
leeted in the lower stratum of the air eontained
in the grotto, until Asphyxia is induced.

This gas cannot be breathed in a pure state,
as it occasions an immediate spasmodie aetion of
the glottis, which cannot be overcome by the
strongest efforts. Sir Humphrey Davy* having
prepared some very pure carbonic acid gas at-
tempted to inspire it, but it was in vain that he
made repeated efforts to draw it into the wind-
pipe. It occasioned such painful irritation of the
glottis and upper parts of the throat, as to ocea-
sion a ecomplete closure of the opening into the
larynx.  When, however, the gas was diluted
with about double its volume of common air, he

* Researches concerning Nitrous Oxide, &e. p. 472,
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strong, but, as the stertor had diminished, a
bleeding which had been proposed was postponed.
In the night, however, the bandage came away
from the arm, and he lost nearly a pound of
blood, and it appeared probable, for some time,
that he would not be able to survive the effects
of this hemorrhage; but during the night he
recovered, and on the following day was able to
speak, though very imperfectly. For two days,
the left side of the face appeared paralysed, and
his mind was considerably disordered. Ie recol-
lected nothing from the time that he lay down—
when he remembered having seen the charcoal
burning brightly—till the second or third day
after the aceident. Bourdon® relates the case of
a female who being in despair, alike from dis-
appointment and jealousy, attempted to destroy
her own life and that of her daughter, by shut-
ting herself up in a small closet with her little
girl, and exposing herself to the fumes arising
from a choffer of burning charcoal. Their bodies
were found prostrate on the floor, and means
were successfully employed for the recovery of
the mother, but the child was quite dead.

Dr. Schenckt relates a case of Asphyxia, differ-
ing in some of its features from those which

* Principes de Physiologie Medicale. Partie ii, p. 560.
+ Horn's Archiv, fiir Mediz. Erfahrung.
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The treatment of Asph}d;i& from the respira-
tion of carbonic acid gas consists in the exposure
of the whole surface to an atmosphere of moderate
temperature ; in having immediate recourse to
insufflation of the lungs with the double-valved
bellows to remove the noxious gases and to re-
excite respiration: or this may be accomplished
by stimulating the diaphragm to contract by
piercing it with acupuncture needles, and passing
the galvanic current through it. Oxygen gas
should, if possible, be injected into the lungs,
or, when partial recovery has taken place, res-
pired, as in the interesting case related by Dr.
Babington.*

During the use of these means, the chest and
shoulders should be elevated, and cold affusion
over the head and chest occasionally practised—
the water being dashed smartly upon the face,
neck, or chest. If the temperature be reduced,
as is sometimes, though rarely, the case, the cold
affusion should be employed with greater caution,
and cases may oceur in which, on account of the
great loss of heat, it may be desirable entirely
to abstain from this remedy. The application of
ammonia and other stimulants to the nostrils
and temples; and the friction of the chest with

* Medico-Chirurgical Transaetions, Vol. i.
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