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INTRODUCTION.

THe amount of physiological knowledge derived from ex-
periments on the inferior animals, would unquestionably
have been more extended and accurate than it really is, had
experimenters been more desirous to give exact accounts of
what they saw, and less anxious to form ingenious hypo-
theses, and hasty generalizations of facts. It is to be la-
mented, that this itching after novelty has led some most
distinguished men to commit another and a much more se-
rious error than that to which reference has now been made
—1I allude to a practice with which the French in particu-
lar are chargeable, viz. that of describing their experiments
in inflated language, using fanciful and exaggerated expres-
sions in recording the effects of the various physiological
agents they have employed ; thus rendering their observa-
tions in a great measure useless, indeed in some cases it
may be, worse than useless.

Much unnecessary slaughter of animals might certainly
be avoided, were experimenters more careful to record their

observations in that plain unvarnished language, which alone
R
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is suited to seientifie details. This observation has been
naturally suggested by the consideration of the subject of
the following Essay.

Bichat exceedingly exaggerated the deleterious effects
produced upon the animal economy by the introduction of
air into the veins, asserting that a bubble of air introduced
into a vein occasioned immediate death. This statement
the subsequent experiments of Nysten, Magendie, Dr.
Blundell, and others, have proved to be utterly erroneous.
Nysten found that a small quantity of all the various gases
with which he experimented, including nitrous gas and sul-
phureted hydrogen, might be introduced mto the circula-
tion without occasioning death,* and as will appear from
experiments afterwards to be detailed, I have injected large
quantities of air into the veins of dogs and rabbits, without
the manifestation of any decided effect.

For the sake of perspicuity, it seems necessary to arrange
the great variety of topies to which our attention is de-
manded, under some leading heads, and with this view the
following Essay is divided into four chapters, each being
to a certain extent a separate Kssay.

* Rech, de Physiol. et Chimie Pathol. p. 152, Paris, 1811.



INVESTIGATION,

&e.

CHAPTER I

EXAMINATION OF THE PHYSIOLOGICAL CHANGES WHICH
TAKE PLACE IN THOSE CASES IN WHICH DEATH 15 THE

ALMOST IMMEDIATE RESULT OF THE ADMISSION OF AIR.

WHhEN air or any gas 1s introduced into the circulation
in sufficient quantity to cause rapid death, the symptoms
which precede the fatal event, are in general pretty uni-
form, as are also the appearances observed on dissection.
The animal suddenly falls down, utters some cries, and
speedily expires i convulsions. The meost striking and
constant phenomenon observed after death, is the presence
of air and frothy blood in the heart, and also very frequently
in every part of the circulatory apparatus.

There are a number of cases on record of patients dying
on the operating table, from air entering a divided vein ;
and many other instances of sudden and unexpected death
in similar circumstances, which were at the time of their
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occurrence considered inexplicable, may, probably, with
correctness, be referred to this cause ; and some instances of
sudden death after parturition are now occasionally explain-
‘ed on the supposition of air entering by the uterine sinuses.
The not unfrequent occurrence of these untoward events
renders our subject one of peculiar interest, independent of
that which must ever be excited by the examination of so
curious a point in physiology ; for the important inquiry
is naturally suggested, can nothing be done in such emer-
gencies But this question cannot be satisfactorily an-
swered at present ; for till we have seen the order in which
the vital processes are arrested, we cannot hope to be able
to discover a method of averting this catastrophe.

The baneful effects of the injection of air into the blood
vessels were known to Wepfer and others among the older
pathologists,® but it was Dupuytren who first pointed it out
as the cause of some of those sudden deaths which take
place during surgical operations, and since his observa-
tions on this subject have been published, a number of such
cases have been described by surgeons in Great Britain, on
the Continent, and in America.

Wepfer killed an ox by blowing into the jugular vein,
and 1s believed to be the first who made such an experiment.

As far as I am aware, the physiological effects caused by
the introduction of air into the veins, were first made the
subject of experiment in this country by Brown Langrsh,
and described by him to the Royal Society of London about
the year 1746. This enthusiastic experimental physiole-

* The following, among the older authors, have noticed this sub-
ject, viz. Wepfer, Redi, Bohn, Vander, Camerarius, Brunner, Harder,
Sproegel, Lieutand, Morgagni, Spallanzani, Valsalva, Rudolphi, &c.
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gist arrived at the conclusion to which Nysten so long after-
wards came, viz. that the circulation is arrested in the heart.

Langrish, upon opening the thorax of a dog, which he
had killed in a few seconds by ¢ propelling sulphurous air
towards the heart ” through the jugular vein, found the
right auricle and ventricle greatly distended with air and
almost destitute of blood. The cavities of the left side were
collapsed. Believing ¢ that the death of the dog was owing
to the resistance which the air gave to the return of the
blood through the venae cavae, and not to any particular
action of the sulphureous fumes on the blood itself,” he
threw a similar quantity of pure air into the jugular vein
of another dog, and found that death ensued as suddenly
as in the previous case.* As there is no account given of
the post mortem appearances, we may conclude that they
were similar to those found in the first experiment.

In more recent times the subject has been investigated
by Bichat, Magendie, Nysten, Piednagel, Leroy, Wing,
and others. There is a great deal of discrepancy of opinion
among these authors, and we shall now examine therespective
merits of the various theories which they have propounded.

Bichat believed that death was occasioned by the contact
of air with the brain; Nysten maintains that the arrest-
ment of the vital functions depends upon the distension of
the right side of the heart with air—that death commences
at the right side, and that the cessation of the contractions
of the left 1s a secondary result. Leroy at one time sup-
posed that emphysema of the lungs is the sole cause of
death ; but he afterwards modified this opinion, and sug-

* Physical Experiments upon Brutes, p. 152, Lond, 1746.
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gested the three following ways in which death may take
place from the introduction of air into the veins: 1st, By
affecting the sensibility of the brain, or by acting mechani-
cally upon that organ : 2d, By producing sudden emphys-
ema of the lungs : and, lastly, By depriving the heart of
arterial blood. Piednagel conceives that a change in the
structure of the lungs 1s the principal cause of death.®

Magendie at one time held that emphysema of the lungs
was one of the causes of death ; but as he does not allude to
it in the most recent publication where he notices this sub-
jeet, it seems probable that he now agrees with Nysten, es-
pecially as he brings forward nothing but what indicates
such an acquiescence.

The opinion of Bichat, that the air acts as a poison on
the brain, appears to have been the result of hasty or inaccu-
rate observation ; an opinion which we seem fully warrant-
ed in expressing, when we find this distinguished physio-
logist stating so egregious an error as that a single bubble

“of air produces an instantaneously fatal result. This
theory is based upon the following facts and observations:
1st, The circulation goes on for some time after the intro-
duction of air into the veins : 2d, Air propelled upon the
brain through one of the carotids causes death: 3d, Con-
vulsions precede death : 4th, The venous capillaries are full
of blood mixed with air; and, fifthly, He considers the cases
of sudden death mentioned by Morgagni, in which air was
found in the vessels of the brain, as strengthening his
theory.

Subsequent inquiries appear to give almost no support to

* Journ. de Physiol. Tome ix p. 79, et seq
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the views of Bichat ; and mdeed these statements furnish
but a poor foundation for the sweeping theory which he has
attempted to rear upon them. Perhaps his strongest fact
is, that deathis preceded by convulsions ;—phenomena which
must unquestionably arise in consequence of an impression
madeupon thecentral organsof thenervoussystem. But then,
it may be fairly asked, are not these convulsions secondary
results 7 They oceur in almost every case of violent death,
and in numerous instances can be clearly traced to a pri-
mary affection of the heart or lungs. Leroy alleges that
convulsive movements are rarely to be witnessed. It may
occasionally happen that they are not seen, but I am per-
fectly satisfied that, in at least the great majority of cases,
they do take place. In most of the cases in the human
subject, which occurred during operations, there 1s express
mention made of them, (as well as in experiments made
upon animals) ; and when the circumstance is not noticed
we have no right to conclude that it did not take place. I
have been assured by my friend Mr. Dick of the veterinary
school of this place, that although he has killed many
horses by blowing air into the veins, he does not recollect
of a single instance in which death was not preceded by
violent convulsions. But be this as 1t may, the presence of
the phenomenon in question cannot be held as proving that
the brain 1s the organ primanily affected ; for it is obvious,
that in whatever manner the supply of blood to the brain
is suddenly diminished convulsions follow.

The notion of some, that a sudden emphysema of the
lungs 1s the cause of death, at first sight appears plaus-
ible, and is certainly very ingenious; but upon examina-
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tion 1t will, I think, be found untenable. When a large
quantity of air was thrown directly into the right auricle by
Piednagel and Magendie, the former states that respiration
all at once ceased, and the heart’s pulsations became strong
and rapid. On dissection, the lungs were emphysematous
and the right side of the heart distended with air, the left
cavities containing only a little frothy blood.

Piednagel gives the following account of the manner in
which he supposes these appearances to be produced. He
conceives that the air contained in the air cells, by means of
its pressure prevents that mixed with the blood in the
minute ramifications of the pulmonary artery from passing
onwards ; that this resistance which the heart meets with
in attempting to propel the blood through the lungs, acts
as a stimulus upon it, and by redoubling the force of its
contractions, breaks up the tissue of the lungs. It is urged
as an argument in favour of emphysema being the cause of
death, that air when introduced gradually and in small
quantities produces very slight effects. But it is obvious
that 1t by no means follows, that when death does suddenly
take place from the entrance of a large quantity of air, it is
caused by emphysema of the lungs. In the first place,
emphysema is far from being a constant appearance, as will
appear from cases and experiments to be detailed; and
when found it can be accounted for in a much more simple
way than that proposed by Piednagel.

Dr. Wing killed a rabbit in a few seconds by the for-
cible injection of air into the external jugular vein, and
upon opening the chest the lungs were found collapsed ;
and besides it is stated, that in every respect they were in
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a natural condition.* I have suddenly distended the right
auricle in the manner described by Magendie and Piedna-
gel, but emphysema of the lungs was hardly ever observed,
though the experiment was often repeated. In one or
two cases the structure of the lungs certainly seemed
somewhat broken up, but this might be, and in all proba-
bility was, produced by the convulsive attempts at respira-
tion which preceded death, just as happens in many cases
of poisoning with strychnia and other substances.

No one, so far as I am aware, has attempted to shew
that the amount of emphysema found in animals killed
with air, is sufficient of 1itself to produce a sudden and vio-
lent death. Till this is done, the theory of Leroy, and
- others on this subject, must be considered visionary, since
all the facts with which we are acquainted, are obviously op-
posed to it.

It 1s impossible to distinguish between old and recent
emphysema, so that in some of the instances in which it has
been found, there 1s reason to suppose that it may have been of
some conslderable standing. We know that people with very
extensive emphysema of the lungs, may attain an advanced
old age without necessarily suffering any great inconvenience,
but what bears still more upon this point is, that extensive
and sudden emphysema is often occasioned by a fit of whoop-
ing cough, and yet we see no symptoms produced analogous
to those caused by the entrance of air into the veins. From
all these considerations, then, the hypothesis of Leroy, Ma-
gendie, and others on this subject, appear wholly unsup-
ported by facts, and must consequently be abandoned,

*® Boston Med. and Surg. Journ., as quoted in the Lancette Fran-
gais, Mars, 1835,



10

That the air sometimes proves fatal, by depriving the
heart of its supply of arterial blood through the coronary
arteries, appears to be a very visionary doctrine, and I can-
not recollect any facts which give 1t even a semblance of
truth.*

With a view of elucidating the question proposed for
consideration in this chapter, the following experiments were

performed.

Experiment.—The subject of this experiment was a
horse about seventeen hands high, and in pretty good
condition, but which was condemned to death on account of
an incurable cancer of the foot. A tube, a quarter of an
inch in diameter, was introduced into the left jugular vein,
The man who blew, filled his chest twice, and continued to
blow for a minute. He then stopped on account of the
symptoms of uneasiness which the animal exhibited. Ina
few seconds the horse staggered and fell, and in three
minutes from the commencement of the introduction of air,
was quite dead. During the period he survived after fall-
ing, he made great and violent efforts to inspire, and during
that time, was strongly convulsed, the convulsions com-
mencing soon after he fell. It was computed that he lost
about eight quarts of blood, which is the quantity usually
taken at an ordinary venesection,

Sectio.—Air was found in every visible vein over the
whole body. The chest was opened an hour and a half

* Another very questionable doctrine is that of Pigeaux, who denies
that the entrance of air is the sole cause of death, and considers that much
of the deleterious consequences may be attributed to the injury sustained
by the small nervous branches.  Surely this is absurd. Gaz Med.
28 Mars 1833.



11

after death, when the lungs were seen collapsed, and in no
degree emphysematous. All the cavities of the heart,
but particularly the right auricle, were distended, and had
a tense elastic feel. The right side was first examined.
The auricle was enormously distended, and upon a small
opening being made with the scalpel, frothy blood, with which
this cavity seemed to be entirely filled, instantly rushed out.
The greater part of the ventricle was filled with fluid and
coagulated blood, but there were also some in a frothed
state. The left auricle contained frothy blood, and some
coagulated masses. In the left ventricle the quantity of air
was just sufficient to make its existence appreciable; but
there was a great quantity of bloed, both fluid and coagu-
~ lated in this cavity.*

Experiment.—A tube about equal in diameter to a
crow quill was inserted into the right jugular vein of a rabbit.
In the course of two minutes I introduced three or four full
expirations. Dusing this time the animal lay quite tran-
quil, and did not struggle in the least, but the breathing was
difficult, and the heart’s action feeble and fluttering. Just
as I desisted from blowing, I observed some slight eonvul-
sive movements of the limbs, and in a few seconds more
they recurred. Respiration had now ceased, and there were
no more convulsions. The thorax was immediately laid
open. Great venous congestion everywhere presented itself.
The heart was enormously distended. Upon puncturing
the right auricle and ventricle, air unmixed with blood 1s-
sued forth, and in the auricle there was a good deal of

# Dr. Jobn Reid, and Mr. William Scott were present at the perform-
ance of this experiment,
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frothy blood. The froth was not nearly of so light a con-
sistence as in the former experiment, owing probably to
the blood and air not having had sufficient time to be tho-
roughly agitated together. The left side of the heart con-
tained fluid blood. It is worthy of remark, that the irrita-
bility of the heart was almost extinct. Kven though rapidly
relieved of its load of blood and air, the contractions ex-
cited by pricking it with the knife were unusually trifling.
In the horse again, the contractions of the heart continued
very forcible long after it had been cut out of the body.
The lungs were next examined, and were found to be quite
healthy. They were collapsed, and in no degree emphyse-
matous. In the vena cava and some of the larger abdomi-
nal veins, bubbles of air were observed, but in most of the
other vessels examined, none could be detected.*

Since i both of these experiments, the structure of the
lungs was in no degree broken up, we must refer the cause
of death either to the heart or to the brain. INow, 1n both 1n-
stances, the convulsions indicating an affection of the brain,
appear to havebeen secondary results, and theimmediatecause
of death, the stoppage or derangement of the heart’s action,
in consequence of an over distension of its walls. It is pro-
bably in the agonies of death, and in those cases where the
heart’s action at that time becomes quickened, or, as 1s
frequently the case, assumes an irregular or vermicular
movement, that the frothing of the blood takes place. The
appearance is by no means uniform, and I have seen the
blood and air wholly unmixed.

The following experiment shews, that air may be thrown

* My friend Mr. Thomas R. Scott assisted me in performing this

experiment,
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into the jugular vein with great violence, and yet no em-
physema be produced.

Experiment.—A tube was inserted in the jugular vein
of a dog, and a large quantity of air introduced suddenly
and with great force. The time occupied in this process
was about six seconds, and at the end of this time, the
vein was so distended with air, that no force employed
caused any more to enter. I was just proceeding to tighten
a ligature round the vessel, when the animal began to strug-
gle, and after uttering some cries, expired in twelve seconds
from the time the introduction of the air commenced.

Sectio—The chest was immediately examined. The
Aungs presented their usual appearance. The heart was
greatly distended, and from its engorged state was con-
tracting very feebly. The right side of the heart was full
of light frothy blood. The inferior cava contained little
blood, but was much distended with air, as were to a great-
er or less extent most of the venous trunks of any consider-
able size. The coronary veins presented the same appear-
ance as the inferior cava. In the veins of the hind legs
there were only a few bubbles of air, but it was observed
that all over the body there was great congestion of the
venous system. There was no air in the left side of the
heart. The obvious explanation of these phenomena is,
that the air had been sent directly through the right auri-
cle into the inferior vena cava and coronary veins; for its
absence from the left side of the heart clearly indicates that
what was found in the veins had not made the round of the
circulation. From this experiment then it appears that
very great force may be used without producing any em-
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physema, and it may be added as a eircumstance worthy of
note, that there was but little frothy blood in the pul-
monary artery.*

The phenomena both before and after death deseribed
as having been seen in those individuals who have died sud-
denly on the operating table, owing to the aceidental ad-
mission of air, fully bear out the views now stated. The
first case of the kind which attracted general attention,
happened in Paris in 1818. It is particularly interesting
and valuable, from the circumstance that the appearances
detected on dissection were quite different from those ex-
pected :—the belief being that the right sac of the pleura
would be found full of air.

Beauchere was removing a tumour from the right
shoulder. 'When detaching the last adherent portion with
the bistoury, a peculiar sound was suddenly heard, similar
to that caused by the entrance of air through a small open-
ing into the thorax of a living animal. It was the opinion
of all present that the pleura had been wounded. The pa-
tient exclaimed, * mon sang tombe dans mon ceeur ! je suis
mort !"—he became pale, hishead fell backwards, the eyes were
fixed, and he could not distinguish objects. Respiration was
easy but loud, and secemed to be performed chiefly by the left
lung ; the movementson the right side of the chest being very

* One not acquainted with the appearance usually presented by the
lungs of rabbits, might easily suppose that there was emphysema when
that organ was nevertheless in its ordinary condition. For what seems
to be the healthy state of the rabbit’s lungs bears a very close resemblance
to emphysema in the human subject. It is therefore not so satisfactory to
make this experiment on a rabbit. In the above experiment I was assist-
ed by my friends Messrs. Thomas IR, Scott, and William Scott.
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feeble. The pulse was extremely small, frequent, hard, and
irregular. The whole body was covered with a cold sweat,
and he had some convulsions. All restorative measures
failed, and the patient died a quarter of an hour after the
fatal eut had been given.

On examining the body eighteen hours after death, the
chest was found to contain a quantity of red coloured serum.
Thelungs were free fromall disease ;— they crepitated and filled
both thoracic cavities. There was no opening into the right
pleura. On examining the seat of the operation, it was
found that the jogular vein had been wounded. In fact, a
portion of this vessel (half its calibre, and an inch in length,)
had been cut out. The wound in the jugular, terminated
just as it joined the subclavian vein. The superior vena
cava contained no blood ; 1ts internal membrane was red.
The pericardium was filled with serosity. None of the ca-
vities of the heart contained any blood. The left side seem-
ed to be In a natural state ;—perhaps the ventricle was a
little thickened. The walls of the right cavities were flabby,
very thin, pale, and of a much greater calibre than those of
the opposite side. The brain presented a grey appearance,
and all its blood vessels of a size sufficient to be visible,
were distended with air. The aorta, erural arteries, and in-
ferior vena cava contained air mixed with blood.

An event of a similar nature to that now detailed, hap-
pened at the Hotel Dieu in Paris in 1822, when Dupuytren
was removing a tumour from a girl’s neck. A sound simi-
lar to that heard in the former case, led the operator to re-
mark that had he been cutting in the neighbourhood of the
air passages he would have supposed that he had made an
opening into some of them. No sooner had he said this,
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and at the same time given the last stroke of the knife
which concluded the separation of the tumour, when the
patient exclaimed, I am dying, was seized with a general
trembling, and quickly expired.

All the usual methods resorted to for the recovery from
syncope and asphyxia were tried without any success,
though persevered in for several hours.

Sectio.—The body was examined twenty-four hours after
death, and the right auricle was found distended with air so
as to give it an elastic tension, and when an incision was made
through its parietes, the air escaped in great quantity with-
out any admixture of blood ; it nevertheless contained a
small quantity of uncoagulated blood. The other cavities
of the heart (which were healthy,) the arteries and veins
throughout the body, and the membranes of the brain, con-
tained fluid blood mixed with air. The lungs were red,
pliable, crepitant, elastic, and perfectly healthy. There was
no wound in the trachea. The serous membranes of the
brain were thin and transparent, without serosity and with-
out injection. Its tissue was firm, uninjected, and with
the colours well marked. Red spots were observed on the
stomach, some of them evidently owing to injection of the
capillaries. The muscles were firm and red.

In neither of these cases are there any facts of importance
to support the hypothesis of Bichat. The presence of air in
the vessels of the brain sinks into insignificance, when we dis-
cover that it is also found in every minute artery and vein all
over the body. The existence of emphysema of the lungs
in Beauchere’s case, may fairly be considered as purely acei-
dental. In the operation cases detailed, as well as others of a
similar nature on record, 1t was in all probability produced by
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the artificial respiration had recourse to. It is almost im-
possible to perform this process, without to a greater or less
extent breaking up the air cells. Both in my own hands
and in others more expert, I have uniformly seen some
amount of emphysema produced when endeavours were made
to recover animals by means of artificial respiration. Perhaps
it 1s from serious injury being done to the lungs, that so
few infants resuscitated by this method survive more than a
few days ; and there is much reason to fear, that the rude
apparatus frequently employed by unskilful persons for the
recovery of those apparently drowned, is the cause of so
little advantage being derived from artificial respiration in
such cases. j

The following case may be classed along with those of
Beauchere and Dupuytren already deseribed. When Mr.
Barlow of Blackburn, Lancashire, was removing a tumour
from the side of the neck of a delicate lady, and was ¢ pro-
ceeding to dissect aside the skin to get at the basis of the
tumour, a sudden and unexpected hissing gurgling noise
rushed obviously from a large divided empty vein, and the
patient expired instantly, without either sigh, groan, or
struggle, and every effort to restore animation was fruit-
less. This unexpected event,” Mr. Barlow goes on to re-
mark, ¢ was truly appalling to all present, for scarcely an
ounce of blood was lost on the occasion, and her death was
then wholly attributed to a state of debility and syncope,
which opinion I acknowledge remained unchanged till I
accidentally met with the case of Dupuytren.”*

A fatal case of a similar nature occurred to Dr. Warren
of Harward University, when removing a cancerous mam-

* Med. Chirurg. Trans., vol. xvi., p. 29.
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ma. The vein through which the air entered was the
subscapular.  As the phenomena preceding death were
quite similar to those already described, and as there was
no post mortem examination, a detail of the case would
‘throw no additional light on the subject, and is conse-
quently omitted.*

There are various circumstances which render it possible
that in some instances in which women die unexpectedly after
parturition, and when all seems going on well, death is owing
to air entering the circulation by means of the open mouths of
the veins communicating with the uterine sinuses.+ These
orifices, immediately after the separation of the decidua,
are very large. They have been made the subject of inves-
tigation by many modern as well as old anatomists and ob-
stetricians, and upon the whole the various deseriptions cor-
respond. Burton says, that the uterine sinuses “in the
ninth month of gravitation are so large as to admit the end
of the biggest finger ; and their orifices that open into the
cavity of the womb, will at the same time admit the end of
the little finger.”]

Now the uterus not unfrequently contracts and expands
alternately with considerable energy after the expulsion of
the fwetus, and it is quite reasonable to suppose that air may
sometimes be sucked into the gaping mouths of the uterine

* Medical Gazette, vol. xii., p. 270.—Case of Nancy Bunker.

+ Olivier, in the article Air in the Dict. de Med., (2nd edit.) asks
whether those cases of unexpected death after parturition may not be ex-
plained in this way.

$ New System of Midwifery, p. 19. Ed. 1751. Dr. R. Lee claims
the discovery of these openings. The above quotation shews that he is
in error in doing so. Vide Med. Gaz., vol. xii.,, p. 202, where priority
of discovery is discussed.
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vessels, 1n sufficient quantity to prove fatal to a female ex-
hausted with the fatigues of labour.

Le Gallois mentions three female animals, upon which he
was making experiments with a view of observing the ef-
fects of abstinence and loss of blood, in which sudden death
took place from air entering the cireulation by the uterine
veins. *

Baudeloequef states, that in examining the bodies of
patients who had died of uterine hzmorrhagy in the hospi-
tal of La Maternité, he constantly found a gaseous sub-
stance in the arteries. This he assigns (apparently without
any reason) as the cause of the convulsions which precede
death. He states that he has no doubt but that the gas is
spontaneously generated. This opinion may or may not
be correct, for it is at least possible that the air may be ad-
mitted from without, since the bleeding depends upon the
imperfect closing of these sinuses ; and as 1n cases of uterine
hemorrhagy after labour, convulsive contraction and dilata-
tion of the uterus is not uncommon, the possibility of death
being occasioned by the air drawn in by this sucking power
is at least entitled to consideration. It must be admitted,
however, that with the scanty light which the records of
pathology are yet able to throw upen this point, it would
be rash to give any decided opinion upon the subject.

In a case recorded by Leclere (and which occurred in
the practice of Dubois and Boyer), we can hardly conceive
that the air was drawn in by the process above suggested.
Madame B
suffered from a dull pain in the left inguinal region, was

, a delicate lady, who had for some time

* Ann. Hebdom. de Med., vol. iii., p. 183. Paris, 1829,
1 Traite des Hemor. Internes de I'Uterus, p. 66. Bruxelles, 1832,
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suddenly seized with ha@morrhagy from one of the uterine
vessels, and died in the course of three hours. Upon exa-
mination of the body, various morbid appearances were
noticed ; but what particularly demands attention is, that
there was no blood in the heart, that the inferior vena cava
contained air alone, and that the peritoneum was in some
places emphysematous.*®

There is no mention made as to the interval which
elapsed between death and the examination, nor is it stated
at what season of the year the event took place; so that it
does not appear with what degree of probability the presence
of air in the blood-vessels may be explained by supposing
that decomposition of the blood had taken place. It must
also be remembered, that in death from hemorrhagy, it is
not unusual to find air in the veins. Mery states, that if
the blood of an animal be drained out from an opening in
the inferior vena cava, the veins fill with air in proportion
as they empty of blood, and that the air comes from the
smaller into the larger veins.+ Nysten says that this is by
no means a constant result, and that it depends upon the
size of the opening made in the vessel.] I have repeated
Mery’s experiment, but found no air at all in the cireula-
tion, though the aperture in the vein was large.

Another question suggested by the above considerations
1s, whether air generated within the body during life 1s not
sometimes the immediate cause of death ; but this topic is
not here discussed, because it appears that it may be more
naturally attended to afterwards.

* Archives Gen. de Med., xviii., p. 281.
+ Mem. de I'Acad. des Seiences, an. 1707. p. 167.
+ Nysten, op- cit- p. 4.
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In conclusion then, it may be stated as clearly established,
that when a quantity of air, by entering the circulation,
proves suddenly fatal, the immediate cause of the arrest-
ment of the vital functions is the inability of the right side
of the heart to contract and expel its elastic contents ; and
therefore, all the phenomena which follow are consequences
of this first cause.*

* Accidents in consequence of the entrance of air into the circulation,
have occurred to the following operators: Sir A. Cooper ; Mr. Barlow of
Lancashire; Mr. Simmonds of Manchester ; Dupuytren, Beauchere,
Clemot, and Roux, of Paris; Drs. Mott and Stevens of New York ;
Dr. Warren of Harward, U. S.; Dr. Castara of Lunéville ; Delpech of
Montpellier ; Graefe of Berlin ; Goullard of Liyons; and doubtless to
many others, by whom the cases have not been put on record. Indeed
- it is surprising, that so many of these accidents should have been pub-
lished, during the comparatively short period that has elapsed, since
Dupuytren first turned the attention of the medical world to the subject.



CHAPTER II.

CIRCUMSTANCES WHICH MODIFY THE EFFECTE. OBSERVA-
TIONS ON CASES IN WHICH DEATH DID NOT TAKE FPLACE,
OR WAS A SECONDARY RESULT.

It has already been stated, that very considerable quantities
of air may be introduced into the circulation without pro-
ducing death. The concurrent testimony of a varety of
experimenters establishes this beyond the possibility of doubt.
Sometimes the patient to whom the accident happens, or
the animal experimented upon, suffers only transient incon-
venience, or makes a complete recovery, and in other in-
stances death ensues so late as some days after the admis-
sion of the air. Two very interesting subjects of investiga-
tion are thus presented to our notice. In the first place,
what are these circumstances which thus medify the result ?
And then, what is the nature of the medifications which
occur under these varying eircumstances ?

First, then, let us attend to the different modifying
causes. These appear chiefly to be referable to three heads :
1st, the quantity of air admitted ;—2nd, the rapidity of its
admission ;—and, 3rd, the situation of the orifice through
which it enters.  For the sake of perspicuity, cach of these
points will be separately illustrated.















































































































