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ADVYERTISEMENT.

THE subjects of this treatise, whether we consider
them in reference to the patient, or the surgeon,
are inferior to none in the interest which they ought
to excite. ‘The brave, the unfortunate,, and the
diseased, are those who plead for that aid which is
to rescue them from instant danger. The surgeon
never suffers greater anxiety, than when he is
called upon to suppress a violent hemorrhage ; and
on no occasion is the reputation of his art so
much at stake. There are only two modes by
which we are enabled to obtain any knowledge on
these subjects : first, by patient observations made
on the human body ; and secondly, by direct ex-
periments on brutes. War, accidents, and disease,
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This is the balance by which he would have his
ldbotrs tried, and, if found ' wanting, rejécted.
Some of the ‘most’ intereﬁfhi‘g "of those observas
tions “he bas ‘interwoven with the body of the
work, and othérs he has thrown into motes at

the ‘end of it;" - '

-Plils treatise, though small, is the fruit of much
Jabotir “and  expence : it i the author’s carnest
wishy“and has been his endeavour, to drendlp 4
usefal, © The experiments -on the several subjects
of it/ fequive 'to 'be extended to" asceftain certain
evenits ‘eornected with them, which' are not yet
fully ,explained : this it was his 'intention to liave
done, but before he could accomplish it, he was
called ‘divay t0 the West Indies; and he feit himself
utider -the nedﬁksit}*; of laying the work before’ the
p"uhiié'*in' its present form, or of deferring its pub-
lication' to'an. wncertsin period; He preferred the
former' from> a ' condieration “of  the“importance of
the subjecus;! of the' lively interest they derive from
their ‘connékion with the ‘ciréumstances of the times,

ahd from 'the' belief that''hé had contributed to
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his history—not to mention the consequences of
accident and disease —it is not too much to assert,
that thousands might have been, and may still be
saved by a perfect knowledge of these subjects ;
which can only be directly obtained by experiments
on brutes ; indirectly, and very slowly, by obser-
vations on the injured arteries of man; and even
these cannot be made until he has fallen a sacrifice

to the want of assistance, or to the imperfect

knowledge of the surgeon.
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PREPARATORY CONSIDERATIONS.

THE changes produced on arteries by accidents,
and the surgical operations to which they are sub-
jected, have a certain relation to their structure. The
subjects, therefore, of this Treatise natorally suggest
a few preliminary observations on the structure of
arteries ; but enly such a description will be given, as
may suffice for the explanation of the phznomena
which they exhibit, when influenced by accident or
cart.

The substance of which arteries are composed is
divisible into distinct parts, which have been called
tunics or coats. Three coats, which have received
various names, can be readily demonstrated, and may

be simply and clearly distinguished by the terms—
Internal, Middle, and External.

The internal coat, although extremely thin, is very
close in its texture, and givesto an artery a smooth
and polished lining ; it is elastic, and firm, consider-
ing its delicate structure, in the longitudinal direction,
but so weuk in the circular as to bewery easily torn by
the slightest force applied in that direction. The mor-
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to say, that it is formed of condensed cellular mem-
brane, which becoming gradually of a looser texture
connects the artery with the surrounding parts; but
the importance which is attached, in a surgical view,
to this coat, renders a more particular account of it
highly necessary and interesting. Although ultimately
resolvable .into cellular membrane, yet it derives from
the particular arrangement of its component fibres a
characteristic appearance, which distinguishes it from
cellular membrane, and entitles it to be ranked as a
proper coat of an artery. Internally, or next to the
middle coat, its texture is elose and smooth, externally
more open and rough, in consequence of the cellular
membrane by which it is connected with an additional
covering, The whole is remarkable for its whiteness,
density, and great elasticity. If an artery be sur.
rounded by a tight ligature, its middle and internal
coats will be as completely divided by it as they can
be by a knife, whilst the external coat remains entire ;
a fact, which will be commented upon in another part
of this treatise, and shewn to be connected with im-
portant circumstances, The strength therefore of an
artery depends chiefly on its external coat, which
answers, in some respects, the purpose of a strong
fascia.

The three coats which T have just described are the
only proper coats of an artery; but the different
arteries, while in their natural situation, are surronnded
with fine cellular membrane that connects them
with additional coverings, called sheaths, which are
formed within the cavities of the bod y by the investing
membrane peculiar to each, and in other parts by

E2
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whether the contraction should be referred to the
irritation of the wire of the galvanic pile, or to the
galvanic influence, which it conveyed.

Arteries are supplied not only with small arteries
and veins (the vasa vasorum), but also with absor-
bents and nerves, and have; in these respects, a similar
organization to the other soft parts of the body. Tis
structure makes them susceptible of every change to
which living parts arve subjected in common ; enables
them to influme when injured, and to pour out coagu-
lating lymph, by which the myury s repared, or the
{ube 1s permanently closed.
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# peri par quelque hemorrhagie ; et dans les grandes
é pperations de chirurgie, cet accident est presque tou-
* jours le plus formiduble *.”

From the interest which Hemorrhage might reason-
ably be expected to excite, in consequence of these
very obvious and important views of it, we cannot
fuil to be astonished at the long period, during which
practitioners had contented themselves with empirical
attempts to check it by drugs, or by the insecure, yet
terrible means of caustic and fire ; and we naturally
enquire, how any circumstance so alarming in its
nature, so fatal in its effects, should have remained so
long uninvestigated.

But although, at first sight, it may appear strange,
that a subject so intimately connected with the inte-
rests of humanity should have been thus inadequately
attended to; yet when we reflect, that, in former
ages, the examination of the dead was opposed by
violent prejudices ; that a total want of rational and
scientific modes of investigation circumscribed the
knowledge, and supported the vague and hypothetical
doctrines of those days; and finally, that the nature
of the inquiry, which the subject demanded, was by
no means inviting ; we shall perhaps be less surprized,
that the works of the antients, so remarkable for
valuable observations on most other subjects, should
be destitute of accurate information on this ; and that
it should have remained for the illustrious Mr. Petit

* Morand, Mem. de .I’Acad. Roy. de Chirurgie, Vol. V. §vo
sdition,
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were made and maintained by Mr. Petit the physician.
It is unnecessary to enquire into the propriety of the
ridicule which Mr. Bell has endeavoured to cast on
these experiments ; I only wish that attention may be
paid in future to the distinction of Mr. Petit le Chirur-
gien, and Mr, Petit le Medecin, uniformly prefixed to
the respective Memoirs of these Gentlemen. [In speak-
ing of Mr., Petit, in the course of the following pages,
I beg it may be understood that I allude to the Surgeon,
unless the contrary be particularly specified.

Mr. Petit conceived that Hemorrhage, from a di-
vided artery, is stopped by the formation of a coa-
gulum or clot of blood *, which lies partly within and
partly without the vessel. The external portion is
formed, he thought, by the last drops of blood which
issne from it; the internal portion, by the blood con-
tained just within its divided extremity ; the former he
called the ¢ Couvercle ;" the latter, the ¢ Bouchon.”
The clot, he said, afterwards adheres to the internal
coat of the vessel, to its orifice, and to the surronnding
parts. To this Le added, that when bemorrhage is
stopped by the application of a ligature, a clot is
formed above the ligatare ; and the coagula, under
these different circumstances, differ only in figure,
This view of the subject led him to recommend com-
pression to support the clot, that it may not be
pushed away by the impulse of the blood.

Although the validity of most of these observations is
unquestionable, yet it must be allowed, that the theory

*# « Caillot de Sang."
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is very incomplete; and that Mr. Petit erred in hiz man-
ner of accounting for the appearances which he had
observed ; his errors, however, did not result from
want of judgment, but from the nature of the process,
which could not be understood, without successive ob-
servations through its various stages ; and, as Mr, Petit
does not relate any experiments, it is reasonable to in-
fer, that his doctrine could only have been deduced from

the irregular and partial observations which he was ena-

bled to make on the human body in the course of his
practice. :

In the year 1736 Mr. Morand published a Memoir,
in which he added many very interesting remarks to
those which had been made by Mr, Petit. He admit-
ted, that the formation of a coagulum had some effect
in stopping hemorrhage ; but contended that the
changes which the artery undergoes also contributes
to that effect. These changes he described to be a sort
of corrugation, or plaiting of the circular fibres of the
artery, by which its canal is diminished ; and a short~
ening and consequent thickening of its longitudinal
fibres, so as nearly to fill it up: this latter effect he
conceived to be produced, when an artery is complete-
ly divided, and that it constitates the principal means
by which, in such cases, the hemorrhage is stopped.
He added, that the corrugation, or puckering, of an
artery, may take place, so as to obliterate its cavity,
provided pressure be made round it: as by a liga-
ture.

1t is evident that Mr. Morand alluded to the contrac-
tion and retraction of arteries, and that he erred chief-
ly in his explanation of the manner in which they are

1
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produced ; thus, besides the imperfect account which
he gave of the contraction, which he sometimes called
the frowning * of the artery, he imputed the retraction
to longitudinal fibres, which, according to the most
accurate anatomists, are not to be found in the arteries
of the human subject. |

It is obvious, from the terms Mr. Morand employed,
and the plates he published, to explain the state of the
artery, that he had very inaccurate ideas of the struc-
ture and action of arteries ; yet this does not affect the
truth of his general conclusion : that the change pro-
duced on a divided artery, contributes with the coa-
gulum to stop the flow of blood ; and that, if it be
possible to adduce cases in which either the artery or the
coagulum alone effected it, they will at least be very
rare. He endeavoured further to support his opinion,
by observing, that the extremity of the divided
artery is the mould for the coagulum, which owes its
ficure to the impression made on it by the artery ;
for, said he, if the diameter and form of the vessel
remain the same, when cut through, as at the mo-
ment of the incision, the coagulum formed in its ex-
tremity will be cylindrical, uniform at its ends, and
liable every moment to be pushed away by the column
of blood, impelled against it.

Mr, Sharp, nearly atthe same period, supported the
same doctrine, as may be found in the second edition
of his Operations of Surgery, published in 1739. Itis
more concisely and better expressed than Morand’s

® ¢ Froncement,”
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But let it not be thought, that I am disposed to deal
captionsly with Mr. Pouteau, in retorting on him his
own judicious and valuable observations : far be it from
me to delight in pointing out the errors of those who
were conspicuous for their merit at the period in which
they lived ; and to whom we are indebted for much
valuable information : on the contrary, it is from re-
spect to such men, that I undertake to exculpate
Petit and Morand from his censure ; nor am I less
ready to acknowledge the fidelity with which Mr. Pou-
‘teau has performed his promise : ** Je rapporterai donc
¢¢ ce que j’ai vl en historien fidele qui ne craint pas de
¢ dire la verité méme en contredisant.”

As a faithful historian he is indeed entitled to much
praise ; for in his memoir on the subject are recorded
almost all the appearances exhibited in the different
stages of the process; those which give the most un-
questionable support to the theories which he con-
demned, as well as those, which he unfortunately se-
lected for the formation of his own: and hence, his
account of it is peculiarly interesting ; not only as a
confirmation of the former, but also for the valuable
additions which he made to them. For these reasons
it will be necessary to pay considerable attention to his
niemaoir,

Mr. Pouteau denied that a coagulum is always to be
found after the division of an artery ; and when it is,
he thought it should be considered only as a feeble and
subsidiary means towardsthe suppression of hemorrhage.
The retraction of the artery, he said, has not been
demonstrated ; and that, at any rate, it is not more
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effectual than the coagulum. He asserted, that the
tumefaction of the cellular membrane, at the circum-
ference of the cut-extremity of the artery, forms the
principal impediment to the flow of blood ; and the
application of ‘a ligature to an artery is useful, by

promoting a more immediate and extensive induration

of the cellular substance.

It appears, at first, almost impossible to reconcile
this theory with the two former; but to account for
the very striking difference between them, it is only
necessary to observe, that although, in the beginning
of this Memoir, Mr. Pouteau relates two experiments,
which had been performed on horses, which being
examined a short time after, presented appearances
exactly coinciding with the doctrines of Petit and Mo-
rand, yet he preferred giving an explanation of
the natural means by which hemorrhage is stopped,
from observations made on arteries many days, and
even weeks, after they had been dwided, and on which
some artificial means had been applied to suppress the
hemorrhage. Thus he first informs us, in a general
way, that after amputations of arms, legs, and thighs,
in which the flow of blood had been stopped by the
ligature, compression, or caustic, he very seldom found
any traces of a coagulum ; and then gives a more par-
ticular account of four examinations in which he had
been equally unsuccessful : they were made on the
stumps of an arm, eight days after amputation ; of two
legs, one ten days, the other three weeks after the
operation : and, finally, of a thigh, four weeks after
amputation. In all of these cases some artificial means
had been used to suppress the hemorrbage ; and yet,

-
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these are the principal instances, and the periods of
examination, from which Mr, Pouteau undertook to
write a ¢ Memoir on the means which Nafure employs
¢ for the suppression of hemorrhage ;” and that too
in opposition to the deseriptions of those means, which
bad been previously given, and notwithstanding the
ample illustration of them afforded by the first expe-
riments which he performed on horses,

We find Gooch also entering the lists against Petit,
and thus claiming the merit of a prior opinion: ¢ Since
‘¢ | wrote these papers, I bave observed Mons. Pou-
‘ teau, senior surgeon of the Hotel-Dieun, at Lyons,
in his Melanges de Chirurgie, printed in 1760, and
Mr. Kirkland, an eminent surgeon in this kingdom,
in his Treatise upon suppressing hemnrrhages from
divided arteries, published in 1763, differ in their
sentiments from Mons. Petit, whose hypothesis is,
that hemorrhages are stopped after amputations by
coagula of blood, formed several inches up the ar-
teries, as appears in the Mem. de I’Acad. Roy. des
‘ Sciences. I have the satisfaction to find the experi-
‘‘ ments, made by these two gentlemen, fully support
* my opinion upon this subject, which I wished to
*“ have bad an opportunity of making myself, when I
*¢ published it among some cases and remarks in sur-
““ gery, in the year 1758.”—Gooch’s Chirurgical
Works, Vol. I. page 172, note, published 1766.

113
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The opinion referred to, and which he set up in
opposition to what he considered as defective experi-
meuts or crude observations of Petit, he thus expressed
in his cases in surgery : ¢ According to that hypothesis
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¢ (meaning Petit's) the coagulated blood must either
“ remain in the vessels, or liquify and return in a putrid
“¢ state ; against which, I think, many weighty objec-
¢ tions might be brought, and experiments made, to
““ put the matter beyond controversy. It appears to
““ me highly reasonable, that the native heat of the
‘¢ part, and the action of the vessels, keep the blood
““ in a state of fluidity fit to be received by the colla-
¢ teral branches, when checked by natural or artificial
“ means in its direct progressive course, after ampu-
¢ tation of the limb, and that the divided vessels
““ then retracting, collapse and coalesce as far as their
“¢ first ramifications, having their mouths soon sealed
“ up with flesh, growing from the nutritious vessels,
¢ which work of nature is pretty evident upon the
€ stump.” Yet these experiments, to put the matter
beyond controversy, Mr. Gooch did not make, but
flattered himself that his opinion had been sufficiently
confirmed, and fully established by the imperfect ex-
periments and observations of Messrs. Poutean and
Kirkland ; I call them imperfect because they were
partial : that series was wanting, without which every
natural process that is performed by successive stages
must be misunderstood in proportion as its investiga-
tion has been less complete. Mr. Gooch afterwards, in
the first volume of his surgery, gave his opinion on this
subject more concisely, intermingling some of Pou-
teau’s notions with his own. ¢ When a small artery,”
says Mr. Gooch, “ in a limb or any external part of
¢ the body, is totally divided, its retraction may bring
¢ jt under the surrounding parts, and with the natural
¢ contraction of the diameter of its mouth, assisted
¢ by the compressive power of those parts, increased
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¢ by their growing tumid, the efflux of blood may be
¢ stopped.”

Mr. Gooch, Mr. White, and Mr. Aikin, considered
the experiments and observations of Mr. Kirkland
quite conclusive in confuting the doctrine of a coagu-
lum, and in establishing the contraction of the arteries
as the means which Nature employs in the stoppage of
hemorrhage from divided arteries. In justice, there-
fore, to the subject, and to Mr. Kirkland, I shall
extract some of the most important of those observations
on arteries which he had the opportunity of making.

Mr. Kirkland, considering that, when the impulse
of the blood is abated by the swooning of the patient,
it is very common for considerable arteries to be closed
by their natural contraction ; and convinced by expe-
riment, that the close contraction observed in arteries
to which agaric has been applied, is owing to the firm
adhesion of the agaric to the artery, by which its
mouth is shut, was led to determine the effeet of a
temporary pressure sufficient to stop the low of bleod
from an artery. The conclusions and opinions drawn
from his experiments are here gathered, and brought
into one point of view, viz.

That hemorrhage from a very considerable artery is
easily and effectually suppressed by only making a
perpendicular pressure upon the end of the vessel for
a few minutes.

That the pulsation, at first, is very plainly seen at
its extremity ; but after some time it becomes less
perceptible,
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it the following serve as a specimen of his expe-

timents.
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¢¢ A large horse being tied down, Mr. Peale of Maid-
stone, then with me, took off one of his hind legs
about the middle of the thigh. Upon the division
of the bone the horse drew the stump towards his
body ; at which time the tourniquet slipped off, and
five arteries, the least of them about the size of a
wheat.-.s.traw, some near as large as a goose-quil,
and one much larger, poured out their blood with
great violence ; but an immediate stop was put to
the flux by a person pressing with both hands upon
the wound ; and, by continuing this pressure fifteen
minutes, the vessels hecame so firmly closed as not
to discharge the least drop of blood. However, I
passed a needle and thread round one of the largest,
intending to make an experiment with the ligature.
The pulsation at first was very plainly seen at their
extremities ; but after some time it became less per-
ceptible, and the wound was covered with tow,
which was kept on with very slight bandage. The
horse was kept alive forty-eight hours after the
operation ; and though he tumbled about, and strug-
gled much in attempting to raise himself up, yet
there was not any return of the hemorrhage. After
he was killed we dissected the thigh, and found
that the bleeding was not suppressed by congealed
blood, but by all the vessels being quite close con-
tracted for near an inch or more from their ex-
tremity *.”

* Kirkland’s Essay on the Methods of suppressing Hemorrhages

from divided Arteries.
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blood longer than is usually done, most of the ar-
teries will be closed, if the patient is in a tolerable
good habit; as I have learnt, by tying the large
vessels, without loosening the tourniquet. I took
off a woman's leg near the middle of her thigh, and
tied the large artery without loosening the tourni-
quet : upon setting it at liberty, we observed some
bloed draining down the muscles from one artery
only, and though it bad contracted so much as
scarce to admit the passage of any blood ; yet, by
the pulsation, it appeared to be a very considerable
vessel ; and, on this account, the ligature was used.
Several more, which did not bleed, were discovered
by a strong pulsation at their extremities; and there-
fore, instead of dressing the patient immediately,
we waited ten or fifteen minutes, and gave her wine
to raise her spirits, so that we might see whether
they would bleed or not, and thereby prevent our
being alarmed with a fresh hemorrhage after she
was put to bed ; but during this time the pulsation
aradually disappeared, and the bleeding was effec-
tually stopped. Indeed, since I have attended to
this circumstance, T have seen it so often happen,
that I am well convinced, in amputations larger

‘ vessels have been trusted with lint and flour than

has been generally imagined ; and that when a fresh
hemorrhage returns some hours after an operation,
it is not from small arteries being dilated by an in-
creased motion in the blood, as has generally been
thought, but to the principal lateral branches,
which had closed themselves, being again foreed
open.”
C 3
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following account: ¢ Laying bare the humeral artery,
¢¢ I cut it open to the place where it divides into the
radial and ulnar branches. I then introduced a
common silver probe into each branch, which pass-
ed very easily to a certain point, which seemed about
an inch from the extremity of the stump ; but could
¢ go no further, 1 then used bristles, and pushed
¢¢ them with all the force they would bear; but they
stopped at the same place. I next laid open the ar-
teries to their extremities, and found them intirely
closed, near an inch from the end of the stump;
but from that point upwards their capacities were
not at all diminished, nor was there any coagulum,
or clot of blood, in the vessels, or any where near
¢ them *.
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Mr. White adds another example, taken from an

artery, fourteen years after the operation for aneurism
had been performed on it !!

That an artery contracts after it has been divided,
I am ready to admit; and the experiments which I
shall presently lay before the publie, authorize me to
say, that the contraction of an artery is an important
means, but certainly not the only, nor even the chief
means by which hemorrhage is stopped.

Let us enquire whether in Mr. Kirkland's experi-
ments all the circumstances were natural, so as to jus-
tity Mr. White in considering them conelusive as to the
¢ means which Nature employs in the stoppage of

* White’s Cases in Surgery,

c4
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¢ hemorrhage from divided arteries.” Mr. Kirkland
wished to determine the effects of temporary pressure
on arteries, and therefore in his experiments he applied
a tourniquet on the limb, « ligature on the artery, or
hus finger to the mouth of the artery. All these are ar-
tificial means, taking off the force of the circulation
from the extremity of the artery, and allowing it to
undergo those changes proper to the new condition
into which it is brought. One circumstance only being
omitted, the means can no longer be natural ; especially
when it is that one most important circumstance of all,
the source of our anxiety and alarm, namely, the im-
petuous flowing of the blood through the wound of
the artery. It is the hemorrhage itself which resists
the contraction of the artery to a degree that would,
* in almost every instance, be attended with fatal con-
sequences (the artery being supposed large enough to
admit of such consequences); but for a coagulum,
whose formation, situation, and use, will soon engage
our attention.

Mr. White draws his conclusions from the con.
dition of a tied artery, in which 1 am ready to admit
that the formation of a coagulum of blood is contin-
gent ; and, except under particular circumstanees, of
no use ; and employs them to explain the condition of
a divided artery left o nature, in which I shall main-
tain that a coagulum is, in general, essential to the
preservation of the animal,

In order then that we may come at the natural
means by which hemorrhage is stopped, the divided
artery must be left to itself, the size of the external
wound being so regulated that the blood does not flow
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faster than comports with the powers of the animal ;
for it is obvious, thatif ina large animal a great artery
be divided with a free external wound, the animal
must die within the time required for the natural
means to restrain the hemorrhage.

I refer the reader to the third section of this chapter,
where, in its proper place, it will be shewn that Mr.
Kirkland himself, under circumstances more nearly
corresponding with the natural means of suppressing
hemorrhage, is obliged to admit the doctrine of a coa-
gulum of blood.

The last theory which I have to notice, is that lately
published by Mr. J. Bell ¥; who, after freely criti-
cising those which I have already mentioned, confi-
dently asserts, that, ¢ when hemorrhage stops of its
¢“ own accord, it is neither from the retraction of an
‘¢ artery, nor the constriction of its fibres, nor the for-
 mation of clots, but by the cellular substance which
¢ surrounds the artery being injected with bleod.”
It is to be regretted, that among the plates which Mr.
Bell has very judiciously introduced to illustrate the
doctrines of Petit and Pouteau, he has not added one
to exemplify his own, which, although it appears to
be delivered in very decisive terms, yet, in its affirm-
ative part at least, is vague and inconclusive. It was
perhaps on this account that the author subjoined a co-
pious illustration of it, which I shall also quote, that I
may not incur the reproach of having given only a
partial and unjust view of his theory.

* Principles of Surgery.
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¢¢ time, and expose the patient to secondary hemor-
¢ thage!"

According to Mr, Bell's first position it appears,
that the injection of bleod into the cellular membrane
which surrounds the artery, is the only natural cause,
by which hemorrhage is stopped ; but as he has just
before said that it is not stopped by the formation of
clots, we are at a loss to know, how this injection of
the cellular membrane effects the suppression of
hemorrhage. If we have recourse to his explanation,
our curiosity is not gratified, and our embarrassment
certainly not diminished, for we there find that the
cellular membrane is only ‘¢ slightly injected with
“¢ blood,” so that we are not at liberty to infer that it is
so completely injected as to compress the artery,
and in that way stop the flow of blood, Indeed,
however plausible such an assertion might have
made the doctrine, it would not have been valid ;
but, continues the author, ¢ that blood coagulates,
¢“ and that slight barrier is sufficient to restrain the
¢ bleeding of a small artery, &c.” But what is the
nature of this barrier, and in what manner does it stop
the hemorrhage ? for it is to be remembered that we
are previously informed in positive terms, that it is
not stopped by the formation of clots ; and although,
in conformity with this, it is not said that the blood is
effused into the cellular membrane, at the mouth of
the artery, but round it, yet, from what has been said
above, it must, I think, be pretty evident that an ef-
fectual compression of the artery is not implied,
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tinct clot—all of them primary means in the natural
suppression of hemorrhage, of which abundant proofs
will be given in the proper place.

I have chosen to set Mr. Bell's theory in its strongest
and best point of view, by confining it to the injection
of the cellular membrane with blood ; for, in justice to
his physiological knowledge, I think it unnecessary to
examine the accuracy of the reasoning, by which he
would shew, that the blood forsakes the open artery ;
rather supposing, that, on this occasion, he has hastily
adopted the account given by the Editor of the Me-
moires de I’ Academie Royale des Sciences for the year
1735 ; who, in giving an abstract of Petit’s paper, for
the year 1731, says: ¢ Dans le cas d’un tronc d’artere
“ coupé, le sang qui continue de s'y rendre, ne doit plus
¢y couler que jusqida Uendrott, ow il rencontrera une
““ branche collaterale entiere dont il enfilera la route, an
‘““ moyen de quoi la circulation s’achevera.,” And I
am still less disposed to dwell on the inconsistency of
introducing the surgeon’s finger as an auxiliary to the
ratural means by which hemorrhage is stopped.
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EXPERIMENT I.

Having laid bare the carotid artery of a horse, I
passed a bistoury under it, and completely divided it,
leaving the external wound open. A rapid and pro-
fuse hemorrhage followed ; the animal, after a short
time, fell, and very soon expired. The hemorrlage
did not cease before its death. The cellular membrane
surrounding the divided portions of artery was very
much filled with blood ; both extremities of the artery
were considerably contracted, particularly the one
next the head; each was separated from the other,
having retracted within its sheath, and thus, in the
upper portion, a canal extending about half an inch
beyond the extremity of the artery, was formed, but
there was no coagulum contained in it, the blood
having run off so freely and rapidly as to prevent its
formation. See Plate 1. Fig. 1.

EXPERIMENT 11.

The carotid artery of a horse was laid bare, a liga-
ture passed under it, and the integuments were brought
together by sutures; then, by means of the ligature,
the artery was drawn out between two of the sutures,
and completely divided. The animal bled to death,
but not so soon as in the preceding experiment, in
which the wound had been left open. The truncated
extremities of the artery had retractéd about an inch
and a quarter, and were very much contracted, but
their mouths were open ; the arterial sheath and sur-
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with blood, and a clot had been accumulating in the
space left by the retraction of the artery : this coagu-
lated blood, which, in future, I shall call the external
coaguluny, was of a conical figure, its apex being si-
tuated near the extremity of the artery next the head,
and its base continuous at its sides, with the blood
situated between the extremity of the artery next the
heart and its sheath, whilst the middle of its base was
opposed to the mouth of the artery, but did not shut it
up very completely. See plate I. fig. 2.

EXPERIMENT IV.

The femoral artery of a dog was cut across, so as
not to leave more than two lines breadth undivided *.
The animal died of a rapid and profuse hemorrhage
in about five minutes, The surrounding parts were
filled with blood, but the external coagulum was not

| formed.

EXPERIMENT V.

Immediately after a horse had been knocked down,
his carotid artery was laid bare by a small incision,
and separated from a part of its sheath, so as to admit
a finger under the artery; when, with a jerk of the
finger, it was torn through. The portion of artery
next the head instantly retracted within the wound,
the other portion hung out from the wound an inch
and a half; and from this the hemorrhage was profuse,

* See Note A.
I
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EXPERIMENT VI.

A very small incision was made in the neck of a
horse, so as to expose only half an inch of the carotid
artery. A ligature was made on the artery to prevent
hemorrhage from the portion next the heart ; and just
above this ligature the artery was divided upon a di-
rector. The external wound being left open, the
hemorrhage was profuse. A tea-cupful of blood, taken
immediately after the division of the artery, coagulated
in five minutes and a few seconds ; the same quantity,
taken a quarter of an hour after (by which time the
animal had lost an immense quantity of blood, and
appeared very feeble), coagulated in three minutes
and a half. The stream of blood had now diminished,
but the horse began to shew signs of great restlessness,
and in the course of five minutes more fell. After
this very little blood flowed. In this state, to prevent
mischief, he was dispatched by the slaughterer, when
in articulo mortis.

Dissection. The effusion of blood in the surround-
ing parts, even in the sheath, was very inconsiderable,
because the artery was exposed by a direct wound, that
had disturbed the parts but little, and was open ; and
also that portion of the artery which received the
blood in the direct course of circulation, and would
have driven it furiously into the cellular substance, was
tied ; and although, from the portion of artery next
the head, it flowed very freely, yet, owing to the
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Dissection. A considerable clot of blood was found
between the integuments and the artery, covering both
of its cut extremities, and adhering to the lower, and
to the parts about it: the extremities of the artery
were nearly an inch distant from each other: a black
cylindrical coagulum was found stopping up the mouth
of the upper extremity, and extending at least one
third of an inch down from it, and between the vein
and nerve. The mouth of this extremity was slightly
contracted. The division of the artery appeared to
have been made immediately at its connection with the
cellular membrane ; this appearance was, no doubt,
rendered more complete by the retraction which had
taken place. There was an effusion of blood between
the artery and its sheath, to the extent of at least two
inches : there was also a considerable effusion in the
surrounding cellular membrane ; but the artery had
not the slightest appearrnce of being compressed by it.
On cutting open this part of the vessel, a long and very
slender coagulum of blood was found within it, which
by no means filled up its canal at any part, nor ad-
hered to the internal coat of the artery. Hereafter 1

shall call this the internal coagulum, to distinguish it
from the external.

About four lines breadth of the inferior portion of
the divided artery was detached from the surrounding
cellular membrane, its mouth was much more con-
tracted than the upper, and was slightly turned on one
side ; it adhered to the clot, which filled the wound,
and lay over it; and the internal coagulum was very
slender and thready.

D 3
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divided close to the heart, which, of course, would
let out the blood from the adjoining part of the carotid ;
but it would not completely escape from that portion
of it next the head. There was no appearance of
lymph at the truncated extremity of the artery, to
which the external coagulum was applied, nor was the
adhesion between them very strong,

EXPERIMENT IX.

The femoral artery of a dog was divided in the man-
ner described in Experiment 11. and six hours afterwards
the animal was killed.

Dissection. The integuments slightly cohered to a
large clot of blood that lay in the wound. The clot
being divided, a small quantity of uncoagulated blood
was found within it. The sheath of the artery, and
surrounding cellular membrane, and, in several places,
the cellular substance between the muscles, were filled,
to the distance of two inches above the divided part,
and fully as much below it, with coagulated blood,
The superior extremity of the artery was contracted,
and its mouth shut up by the external coagulum,
which projected beyond it a quarter of am inch, and
was turned forward into the clot Iving in the wound.
A small band of coagulated lymph lay across the ar-
tery a little above this extremity. On cutting open
the artery, the internal coagulum was seen a quarter of
an inch long, and of a black colour, lying in contact
with the external coagulum ; but neither filling up the
canal of the artery, nor any where adhering to its

n 4






4]

beyond the sheath, where the latter coagulum was be-
ginning to lose its distinctive character. The effusion
of blood was as extensive as in the last experiment.
The sheath could be distinetly traced over the external
coagulum, and was gradually lost on it. The artery
was cut open ; its termination was not distinct, proba-
bly from the cause suggested in the preceding experi-
ment ; the internal coagulum was very small and slen-
der, and lay loosely within it.

The appearances of the external coagulum in the in-
ferior portion of the artery corresponded with the
above description, except that it was shorter. See
plate I. fig. 3.

EXPERIMENT XI.

The carotid artery of a horse was exposed, and a li-
gature made on it. The artery was detained at the
surface over a strong probe, whilst the integuments
were brought together by the uninterrupted suture ex-
cept at this part, but a single ligature was left in re-
serve to secure them. The artery being divided next
the head, itdnstantly retracted, and the spare ligature
in the integuments was drawn. The blood flowed
freely between the interstices, but was evidently much
restrained by the confined integuments. The animal
(which was in poor eondition) in the course of fifteen
minates, became very faint, as appeared from its
trembling, heaving, and the convulsive twitches about
its neck. These fits returned often, and during their
continuance the hemorrhage always diminished, but
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would have been profuse from the latter, but it was in-
stantly prevented by making a ligature on the artery ;
the pendulous portion was then cut off, and the liga-
ture in the integuments drawn close, The blood still
flowing from the portion next the head escaped at
certain interstices; these were secured, and it soon
stopped. The animal was killed eighteen hours after
the operation.

Dissection. The artery had been so torn, that the
portion of it next the head lay within its sheath four
inches above the wound; but if we remember that
three inches of the portion of it next the heart
hung from the wound, it will appear, that the
retraction was not more than ordinary, and scarcely
so much, The sheath of the artery was, for
many inches, round and firm, from the quantity of
blood injected into it. The external coagulum was
formed as usual in the canal of the sheath, but its co-
nical shape was more strongly defined than usual. Tt
was very much intermixed with lymph. To it ad-
hered a long black coagulum, filling four inches of the
canal of the artery. This was the internal coagulum,
and purely of blood, yet it adhered to the artery in
very many parts, To account for this unusual appear-
ance, the artery was examined. Tts internal coat had
been lacerated in numberless parts, and at every
laceration there bad been an effusion of Iymph, to which
the internal coagulum adhered. In I.:hi-a.inatance_, con-
trary to all the preceding and subsequent experiments,
the internal coagulum seems to have had some share in
the security against hemorrhage, but only in conse-

quence of the injury done to the internil coat of the
artery,
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The internal surface of the artery appeared inflamed
a little above the external coagulum, and its coats
“were thickened.

The extremity of the inferior portion of the artery was
very much contracted, and just beyond it the external
coagulum projected, for it was small, and of a brown
colour, and adhered to about two lines breadth of the
internal coat of the artery. The internal coagulum
had not formed, for the division of the artery had been
made immediately above a very large branch.

EXPERIMENT XIV.

The femoral artery of an ass was divided, and the
wound of the integuments so secured by the inter-
rupted suture as efiectually to stop the external flow
of blood, but a large tumor formed under the integu-
ments. On the following day the whole limb was
much swollen. particularly near the wound, where the
parts were painful to the touch, and hot, The animal
was killed tu‘eut‘}'-fc'-ur hours after the operation,

Dissection. The extravasation of blood had been
nnmense, and extended from the pelvis to the knee,
yet it did not follow the artery through the triceps, its
course being nearer the integuments. The sheath of
the artery was loaded with the same from the triceps, -
where it is perforated. by the artery, and upwards.
The canal of the sheath supported the external coagu-
lum of blood, which adhered to the mouth of the ar-
tery along its internal border. The internal coagulum
tapered into the canal of the artery from the external,
coagulum as its base, and adhered only to it.
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Dissection. The dog having pulled away the su-
tures, the wound was found open, and some small
portions of coagilated blood in its cavity. The sur-
face of its cavity was formed by a layer of coagulated
Iymph, which appeared to be very vascular. The sur-
rounding cellular membrane was filled with coagu-
lated blood, but much less distended than in the expe-
riments performed on the femoral artery, and from the
colour of the parts it was obvious that absorption of
the effused blood had been going on. The artery was
covered and surrounded by a considerable quantity of
coagulated lymph. The superior portion of the artery
was conical ; a very small part of the external coagu-
lum remained at its extremity, and was of a pale red
colour ; but close to its termination an irregular ridge
of lymph extended in a direct line from it, between
two of the brachial nerves, and connected it with the
inferior portion of the artery : this lymph appeared to
have been effused in the posterior part of the canal of
the sheath. The coats of the artery were thickened,
and softer than natural; and just above its extremity
the internal coat appeared slightly inflamed, and ad-
hered firmly to a brown coagulum, which completely
closed the mouth of the artery, occupying about the
eighth of an inch of its canal.

The extremity of the inferior portion of the artery
was at least an inch distant from the superior, and ter-
minated also in a cone. Its mouth was closed with a
coagulum of lymph, which adhered firmly to the in-
ternal coat, and extended up the canal a little beyond
the part to which it adhered. The coats of the artery,
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and especially the surrounding cellular membrane,
were thickened by the effusion of lymph.

EXPERIMENT XVII.

The carotid artery of a horse was divided just above
a ligature, which had been made on it to prevent he-
morrhage from that portion of it next the heart, and
the integuments were secured by sutures previously
passed, The blood flowed too fast at two or three inter-
stices, but these were closed by additional sutures, and
the external hemorrhage presently ceased. A very
large tumor instantly formed, but its size considerably
diminished in the course of twenty-four hours. The
animal was killed sixty-six hours after the operation.

Dissection. The clot, which originally filled the
cavity of the wound, and distended the integuments,
had nearly disappeared, having been either washed away
by the discharge or gbsorbed. The ends of the artery
were separated between one and two inches. The
sheath was turgid with blood to the extent of many
inches. To the circumference of the cut artery and just
within it, the external coagulum, consisting partly of
lymph, partly of blood, adhered. Its figure was co-
nical, and it was supported at the mouth of the artery
by its intimate connection with the inner lamina of the
sheath, which, by the retraction of the artery, formed
a canal for it; and it derived farther support, on all
sides, from the blood effused and coagulated between
the inner and outermost lamine of the sheath. The
internal coagulum was an inch and a balf long, cor-
responding to the distance between the external coa-
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gulum and the first collateral branch. It completely
filled the canal of the artery, and had every appear-
ance of having been formed soon after the operation,
It was quite detached, and lay two inches above the
external coagulum, having, in all probability, slipped
from its original situation in handling the parts previ-
ous to the artery being opened. See plate IL. fig. 2,

EXPERIMENT XYVIII.

The left carotid artery of a dog was laid bare
to the extent of two inches, and the Galvanic in-
fluence applied to it from a moderately strong pile,
but which produced no obvious effect: the artery un-
derwent no other than the usual change from exposure
to air. Two ligatures were then applied on the artery
so as to inclose nearly an inch of it, which had been
perforated by the wires of the pile: this portion was
cutaway. The portion of the artery next the heart was
treated in a particular manner ; the detail of which, as
it wholly relates to the effects of the ligature, I shall
introduce in the chapter on that subject : all that now
concerns us is the experiment on the other portion of
artery. The wound in the integuments was sewed up,
and the extremity of the portion of the artery next the
head being drawn out between the sutures by the li-
gature that secured 1t, the part encircled by the liga-
ture was cut away ; the blood immediately flowed in a
full stream, but a tumor soon formed, and the he-
morrhage stopped. The dog was killed seventy-twa
hours after the operation.

TagTy
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Dissection. The arteries were injected from the
aorta. The dog, which had been a stout and turbu-
lent animal, had torn the sutures out of the integu-
ments, and the wound was quite open. On dilating it,
we found that, from the curvature of the aorta to at
least an inch above the extremity of the artery next
the head, there was a considerable layer of coagu-
lated lymph, in which the artery was completely in-
closed, but not compressed by it, although it was im-
possible to conceive a more complete ‘¢ engorge-
ment #”* of the cellular membrane surrounding it.
The effused lymph extended over the trachea and the
parts on the other side of the artery: it had three
deep abscess-like cavities in it, in which a few small
clots of blood yet remained.

The extremity of the portion of the artery next the
head was so completely surrounded by coagulated
lymph, that it was impossible, from an external view
of it, to say exactly where it terminated. On cutting
it open, we found that the injection bhad been forced
down to its mouth, and was pressing on the internal
coagulum of blood, which was very small, and lay
loose between it and the external coagulum, The
Jatter shut up the mouth of the artery, was nearly a
quarter of an inch long, and terminated in a point un-
der a lamina of lymph, which was continued from the
surface of the wound over this coagulum and the ex-

* T make this observation because the state of this artery forms
an inspperable objection to Pouteau’s doctrine, that the suppression
of hemporrhage depends on the * :ngﬂrgcm:u;"‘uf the cellulag
membrane, '
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gremity of the artery. The coats of the artery were
much thickened. See plate I1I. fig. 1.

EXPERIMENT XIX.

The femoral artery of a dog was divided, and the
integuments were brought together in the manner al-

ready described. The animal was killed nine days
after the operation,

Dissection, The wound was open, but its extent
much diminished. Its surface was formed of a thick
layer of very vascular lymph, which, being divided,
discovered the truncated extremities of the artery
half an inch apart. The cellular membrane surround-
ing each extremity of the artery, for the space of an
inch, was very much thickened with coagulated lymph.
The superior portion of the artery was slightly con-
tracted at its extremity, which was completely closed,
and filled up with lymph, From this closed extremity
extended, about two lines breadth, a small rounded
whitish substance, of the consistence of jelly, which,
probably, was the remains of the external coagulum
not yet absorbed. Within this portion of artery we
found a small conical coagulum of blood, attached at
its base to the lymph that closed the mouth of the ar-
tery, but not adhering to, nor even appearing to touch,
any other point of its.internal surface,

The inferior extremity of the artery was much more
contracted than the superior, its termination being
EZ
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SECTION IIIL

The results of the experiments related in the last
section will not allow us to give so concise and simple
an account of the process, as has hitherto been done ;
but they afford us one more satisfactory, because it
accords better with the operations of the animal ceco-
nomy, in which we are accustomed to observe the
most important changes gradually produced by the co-
operation of several means, rather than by the sole
influence of any one in particular.

They accordingly shew, that the blood, the action
and even the structure of arteries, their sheath, and
the cellular substance connecting them with it—in
short, that all the parts concerned in or affected by
hemorrhage, contribute to arrest its fatal progress, by
operating, in the case of a divided artery of moderate
size, in the following manner,

An impetuous flow of blood, a sudden and forcible
retraction of the artery within its sheath, and a slight
contraction of its extremity, are the immediate and
almost simultaneous effects of its division. The natural
impulse, however, with which the blood is driven on,
in some measure counteracts the retraction, and resists
the contraction of the artery. The blood is effused
into the cellular substance between the artery and its
sheath, and passing through that canal of the sheath

E3
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which had been formed by the retraction of the artery,
flows freely externally, or is extravasated into the sur-
rounding cellular membrane, in proportion to the
open or confined state of the external wound. The
retracting artery leaves the internal surface of the
sheath uneven by lacerating or stretching the cellular
fibres that connected them. 'These fibres entangle the
blood as it flows, and thus the foundation is laid for
the formation of a coagulum at the mouth of the
artery, and which appears to be completed by the
blood, as it passes through this canal of the sheath,
gradually adhering and coagulating around its internal
surface, till it completely fills it up from the circum-
ference to the centre,

A certain degree of obstruction to the hemorrhage,
which results from the effusion of blood into the sur-
rounding cellular membrane, and between the artery
and its sheath, but particularly the diminished force
and velocity of the circulation, occasioned by the
hemorrhage, and the speedy coagulation of the blood,
whieh is a well known consequence of such diminished
action of the vascular system, most essentially eontri-

bute to the accomplishment of this important and de-
sirable effect.

A coagulum then, formed at the mouth of the
artery, and within its sheath, and which I have dis-
tinguished in the experiments by the name of the
external coagulum, presents the first cowplete barrier
to the effusion of blood. This coagulum, viewed ex-
ternally, appears like a continuation of the artery, but
on eutting open the artery, its termination can be dis-
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tinetly seen with the coagulum completely shutting
up its mouth, and inclosed in its sheath,

The mouth of the artery being no longer pervious,
nor a collateral branch very near it, the blood just
within it is at rest, coagulates, and forms, in general,
a slender conical coagulum, which neither fills up the
canal of the artery, nor adheres to its sides, except by
a small portion of the circumference of its base, which
lies near the extremity of the vessel. This coagulum
is distinet from the former, and I have called it the
mternal coagulum.

In the mean time the cut extremity of the artery in-
flames, and the vasa vasorum pour out lymph, which
is prevented from escaping by the external coagulum.
This lymph fills up the extremity of the artery, is
situated between the internal and external coagula of
blood, is somewhat intermingled with them, or adheres
to them, and is firmly united all round to the internal
coat of the artery.

The permanent suppression of the hemorrhage
chiefly depends on this coagulum of lymph ; but while
it i1s forming within, the extremity of the artery is
farther secured by a gradual contraction which it un-
dergoes, and by an effusion of lymph between its
tunics, and into the cellular membrane surrounding it ;
~ in consequence of which these parts become thickened,
and so completely incorporated with each other, that
it is impossible to distinguish one from the other : thus,

not only is the canal of the artery obliterated, but its
E 4
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lating lymph within its canal, between its tunics and
in the cellular substance surrounding it.

And we may conclude that, except in some rare in-
stances, in which the strong retraction and contraction
of a divided or lacerated artery prevents hemorrhage
altogether, a languid state of the circulation is neces-
sary for the accomplishment of the natural means by
which the hemorrhage is stopped. These means may
be divided into the femporary and permanent : under
the former head we may include the three first of the
above-mentioned causes ; whilst the effusion of lymph
constitutes the permanent : yet even these can be dis-
tinctly tracéd only for a certain time, in consequence
of other changes which the artery gradually under-
goes. Its obliterated extremity no longer allowing the
~ blood to circulate through it, the portion which lies
between it and the first lateral branch is no more dis-
tended and excited to action as formerly ; but gradu-
ally contracts, till at length its cavity is completely
obliterated, and its condensed tunics assume a ligamen-
tous appearance. At the same time, the remarkable
appearances at the extremity of the artery are under-
going a considerable change ; the external coagulum
of blood, which in the first instance had stopped the
hemorrhage, is absorbed in the course of a few days *,
and the coagulating lymph, which had been effused
around it, and had produced a thickened and almost car-
tilaginous appearance in the parts, is gradually re-
moved, and they again appear more or less completely
restored to their cellular texture.

* Vide Experiinent XIX. plate I. fig. 4.
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Nor are these all the changes which the attery under«
goes; for, if examined at a still later period, the li-
gamentous portion is found to be reduced to a filamen-
tous state, distinguishable from the surrounding cellu-
lar membrane only by being somewhat coarser ; and
thus the obstruction which commenced at the extre-
mity of the canal terminates in the complete annihila-
tion of the artery to the first lateral branch.

But long before this final ehange is accomplished,
many of the lateral branches of the superior and in-
ferior portions of the artery have become very much
enlarged, and have established by frequent anastomoses
a free and ready communication between these dis-
united parts of the trunk. The small branches by whose .
immediate inosculation these anastomoses are formed
appear to have undergone the principal changes ; they
are not only proportionably more enlarged than the
large branches of the limb to which they belong, and
very considerably larger than the corresponding
branches of the other limb, but have also beecome.
longer, and, being confined within their former space,
assume a beautifully tortuous and serpentine course,
in order to accommodate themselves to it.

The circulation appears to be carried on as perfectly
and vigorously by these anastomosing branches in the
limb, the main artery of which has been divided, as
in that in which the artery is entire ; the inferior part
of the divided artery, and all its branches, being found
fully equal in size to the corresponding part of the
trunk and branches of the artery of the opposite limb
which has not been divided : and hence, we may con-
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clude, with the celebrated Mr. Hunter, that ¢ Ves-
¢ sels have a power of increase within themselves,
¢¢ both in diameter and in length, which is according
¢ to the necessity, whether natural or diseased *.”

I shall now make some further observations relative
‘to the external and internal coagula of blood, and the
intermediate one of lymph, which, if introduced
before, would bave too much interrupted the detail
of the process. And first of the external coagulum—

Its particular ficure and extent vary according to
the manner in which the wound has been inflicted. If
the artery, its sheath, the vein, and nerve accom-
panying it, have all been completely divided, the figure
and extent of the coagulum will depend on the rela-
tive retraction of the artery to that of the sheath, which
varies in different animals, and according as the ar-
tery has been more or less detached from the surroun-
ding cellular substance.

If the artery alone be divided, the anterior part of
its sheath having been opened longitudinally, the
coagulum which then forms at the mouth of the ar-
tery varies from a quarter to near half an inch in
length, and differs from the form of the artery only
in being sometimes slightly conical at its extremity ;
which, when the integuments bave been sewed up
previous to the division of the vessel, is turned for-
ward, and is continuous with a large globular portion
of coagulum, which being confined by the integu-

+ Hunter on the Blood, &ec.
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ments alone, lies over it and the extremity of the artery.
This appearance of the external coagulum may readily
be accounted for from the circumstance of the sheath
not having been divided so as to admit of its retrac-
tion ; whereas the complete division of the artery
allows it to retract even within the part to which
the wound of the sheath has extended, and, accord-
ingly, that portion of the coagulum which lies within
the entire part of the sheath, assumes the form of the
artery ; while the portion of sheath which has been
opened, being deprived of the support of the artery,
and of its tension, is more or less disposed to col-
lapse, and will necessarily give a conical appear-
ance to the portion of coagulum formed within it; and
thus it is that the lower extremity of the external
coagulum is sometimes conical : but when the integu-
ments have been sewed up previous to the division of
the artery, in consequence of the impediment which
that circumstance affords to the exit of the blood,
even this flaccid portion of the sheath becomes fully
distended with blood, and of course the conical form
of the external coagulum is prevented.—I have been
thus particular in explaining these circumstances,
because I wish it to be clearly understood, how a slight
difference in the manner of performing the experi-
ments may occasion a variation in the appearance of
the parts when examined ; and if, in repeating experi-
ments on this subject, any deviation from the account
here given should be observed, T am convinced it will be
satisfactorily accounted for, by attending to the manner
in which the experiment is performed in both in-
stances.
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The extent, and, indeed, even the formation of the
znternal coagulum of blood, depends very much on the
distance from a lateral branch, at which the division
of the artery has taken place : thus, if it is divided
about a quarter of an inch beyond a branch, there will
scarcely be formed any coagulum of this description,
for the effusion of lymph at the cut extremity of the
artery is in general sufficient to form a coagulum
which extends a little way within the artery, and
then the space between the extremity of the coagulum
of lymph and the lateral branch is so short, that no in-
ternal coagulum of blood can be formed, at least
none worth mentioning. In some instances I have
found a small Jamina of coagulated blood, not thicker
than a six-pence, lying on the coagulum of lymph, the
extremity of which in these cases generally projects a
little beyond the extremity- of the artery, and extends
further within its canal than merely the surface by
which it adheres; which circumstance seems to de-
pend on’ a larger quantity of lymph being ef-
fused than is necessary to fill up the canal of the
artery as far as the inflammation extends on its
internal surface, and the superfiuous quantity not
coming in contact with an inflamed surface, and the
blood being constantly driven between it and the sides
of the artery it forms no adhesion, but projects a little
within the canal. It is probable that the compression,
which the lymph undergoes from the gradual con-
traction of the extremity of the artery, may also con-
tribute to this effect.

But when the division of an artery has taken place
at some distance from a lateral branch, a long conical
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internal coagulum is then formed, whose base is situated
towards the extremity of the artery, and in general it
adberes partially at the circumference of its base to

the internal surface of the artery, close to the coagulum
of the lymph,

The internal coagulum of blood, however, does
not fill up the cavity of the artery throughout the
whole of its extent ; and though conical, it has often the
appearance of not having been formed at once, but
by the successive coagulation of small quantities of
blood. Itis very readily distinguished from the coa-
gulum formed by the effusion of lymph from the in-
flamed extremity of the artery, which is rather brown
than white at first, probably in consequence of some
admixture of red particles, and which is principally
characterised by adhering almost throughout its whole
evient to the internal surface of the artery : whereas the
former, 7. e. the internal coagulum of blood, although
much longer than this of lymph, forms no adhesion
whatever, except a slight one at its base, and
which seems to be produced by the coagulum of
blood being formed while the Ilymph is suffi-
ciently recent to allow it to stick to it.  Although
the internal coagulum of blood when first formed by
no means fills up the canal of the artery, except at its
base ; yet, in consequence of the contraction which
the portion of artery containing it gradually under-
goes, after a short time it embraces the coagulum so
closely that they appear to cohere to each other; so
that although the greater part of the coagulum, pre-
serving its natural form, may very easily be separated
from the artery, yet its internal surface is left of a
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black colour, as if an external lamina of the coagu-
lum still remained on it, It is also highly worthy of
potice, that on examining, at a distant period after
these experiments, arteries which, (from similar expe-
riments on the coyresponding arteries of other ani-
mals more speedily examined), we know must have
had considerable coagula of blood in them ; no coa-
gula should be found in them ; but their internal sur-
face is very black, and their external appearance, pre-
vious to being cut open, remarkably dark.

From what has been said it appears, that when an
artery has been divided at some distance from a lateral
branch, three coagula are formed : one of blood, ex-
ternally, which shuts up its mouth ;" one of lymph,
just within the extremity of its canal ; and one of
blood, within its cavity, and contiguous to that of
lymph.

1 have called that of lymph a coagulum, because,
when the divided artery has been left entirely to itself,
there is such a quantity of lymph effused that, al-
though it is firmly united to the internal surface of the
artery, it may be considered asa distinct substance ;
but, if the cut edges of the extremity of the artery
had been kept in contact with each other by pressure,
they would have cicatrized, and no coagulum would
have been formed ; 7. e. coagulating lymph would not

have been effused in such a quantity as to form a mass
of a determinate figure ¥,

# The following passage shews that Petit had also observed this
poagulum of lymph as distinet from that of blood, although in
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T have already remarked, that when the division of
an artery has been made very near to a lateral branch,
no internal coagulum of blood is formed : hence we
see that the number of coagula varies according to
circumstances. DBut the external coagulum is always
formed, and is subject to no other variations than those
already described.

The internal coagulum of blood contributes nothing
to the suppression of hemorrbage in ordinary acci-
dents, because its formation is uncertain, or when
formed it rarely fills the canal of the artery, or, if it
fills the canal, does not adhere to the internal coat of
the artery. Hitherto, therefore, I have contented my-
self with noticing its existence, or pointing out the
circumstance which prevents its formation, without
ranking it amongst the means which nature employs
for the suppression of hemorrbage. Butif an artery
be lacerated, its internal coat will be torn in many
‘places, in proportion to the degree of violence with
which the injury has been inflicted. Under this par-
ticular accident the internal coagulum of blood may
extend beyond many collateral branches, will fill the
canal of the artery, and will adhere to its interpal sur-
face wherever it is lacerated, in consequence of lymph
being effused from these several wounds of the internal

contact, and no doubt adhering to it. Afier some precautions
which he gives to avoid interrupting the formation of a clot, he
adds, * 1l sera plac¢ favourablement puisque la partie Llanche qui
¢ est plus legere que la rouge, s'elevera prés de lextremité du
¢« yaisseau, qui est le lien le plus avantageux que puisse occuper
¢ le Caillot.” Petit, Mem. &c de l'année 1732.
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toat. The internal coagulum may in this case avail
against a return of hemorrhage.

Experiments V. and XII. of the Second Section of
this chapter shew that the peculiar state of the coagu-
lum excepted, the natural means of suppressing hemor-
rhage were the same in these instances of lacerated
arteries as we have found them  to be in ordinary
wounds of arteries; and which, contrary to what is
supposed, will, I think, prove true in general, with
respect to lacerated arteries; but I am not solicitous
of pressing this opinion at present.

Although I trust that every part of the process which
I have now detailed appears to be fairly and satisfac-
torily deduced from the experiments which were pre-
viously related ; yet, as experiments on an important
practical subject require all the confirmation of which
they are susceptible, to entitle them to such confidence
as may render them useful, I should but partially ac-
complish my object, was I not to point out the un-
questionable support which the above account derives
from observations made on different occasions, and
with different views, by eminent surgeons and physio-
logists. But as nothing can more essentially contri-
bute to establish its validity than an illustration of its
perfect conformity with the remarks of almost all who
have written professedly on the subject, although they
have drawn very ditferent conclusions from them, I
shall first take notice of this coincidence.

The circumstances in which the account here given
- of the process agrees with the doctrines of Petit and
F
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“ nique interne de cette artere, et tournée du cité
““ opposé a Pextremité tronquée. Ce corps conique
‘ degorgé dans de I'eau clair, parut trés distincte-
¢“ ment un sac quasi membraneux en forme d’enton-
“ noir borgne, rempli d’un caillot de sang noirfitre ;
¢ illaissoit voir a la loupe une grande quantité de bour-
‘¢ geons, semblables a ceux qui naissent d’une plaie
‘¢ qui commence a s’incarner. Au reste toute I'inter-
“ valle de I'artere comprise entre 'endroit ou le sac
¢ etoit adherent et Pextremité de artere tronqué etoit
“ rempli de caillots lymphatiques et sanguins, sans
¢ ordre ni figure reguliere, ayant cependant, quelques
¢ legeres adhérences avec I'artere *,”

A few observations will be sufficient to shew the
agreement between the appearances here mentioed,
and the account which I have given of the natural
process of suppressing hemorrhage, It is to be re-
membered that Poutcau, among his objections to for-
mer theories, speaks of the retraction of divided arteries
as a thing which bad not been proved ; cousequently

he has not availed himself of it in explaining the ap-
| pearances he observed ; but has proceeded on the S11 P
| position that the artery preserved the same relative
position to the surmﬁnding parts as it bad previous to
\its division ; and hence he informs us, that four
fingers breadth above the cut artery, a conical suba
istance was found whose base adhered by s circum-
ference o the internal coat of that artery, and was
tturned in the opposite divection to its bruncated exire-
mnity.  But since we are no longer at liberty to doubt
tof the retraction of divided arteries, and we find that

* Melanges de Chirurgie, p. so1.
F 2
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¢ ture presque imperceptible ; mais le caillot n’etoit
¢ pas moins ferme et tenoit si fortement a Partere,
¢ qu'on ne peut 'en détacher sans dechirement *.”

In neither of these experiments is there any mention
made of the distance between the first lateral branch
and the extremity of the artery. In the second expe-
riment, however, we may conclude that there must
have been space enough for a coagulum to form within
the artery, as, from the description given of the coa-
gulum, it appears to have consisted of lymph which
had been effused from the vessels at the extremity of
the artery, and of blood which had coagulated within
the artery ; the former accounts for its adhering so
strongly to it that it could not be separated from it
without Jaceration ; and for the granulated appearance
exhibited by the portion which.projected beyond the
extremity of the artery; while the latter accounts for
the tapering extremity which floated in the arterial
canal. With regard to the center of the coagulum
being more red than the extremities, that no doubt
was owing to the lower portion of the coagulum of
blood adhering to the upper portion of the coagulum of
lymph ; and as the red particles of the coagulum of
blood would naturally subside to its lowest part, we
can readily understand why the center should have
been red, while the extremities were white.

Mr. Gooch and Mr. White rested their opinions
upon the experiments of Mr. Pouteau and Mr, Kirk-
land. 1In the first section of this chapter 1 have shewn
wherein the observations of these gentlemen were de-

* Meclanges de Chirurgie, p. 202.

F 3
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¢ coagulated blood, as well as digestion, is always the
¢ consequence ; and I make no doubt but the separa-
¢ tion of coagulated blood is one cause why a fresh
¢¢ bleeding has sometimes come on after the inflamma-
“ tion was abated, and matter began to be discharged.
¢ In a very late instance, where the bleeding from a
¢ divided artery had been suppressed by coagulated
“ blood, I saw it renewed again next day by taking
¢ this blood away ; the artery bleeding in the same
¢ manner as when it was first opened, but upon press-
““ing it between my fingers it was soon effectually
¢ closed. This leads me to take notice of Petit’s
¢ opinion, who inlagined that the hemorrhage from
¢ divided artcries was always suppressed by plugs of
¢ blood within the vessel, becduse he found in some of
¢ them, after the death of the patient, coagulated
¢ blood, which extended itself upwards a considerable
“ way. But hﬂtwithstanding this it is very probable
¢t that the hemorrhage was stopped by the natural
“ contraction of the vessel ; for we find in the two
“ waggoners mentioned by Mr. Faget (Phil. Trans.
“ 1753,) where, after death, coagulated blood was
¢ found in the same manner, their extremities were
“¢ contracted and straitened, as if they had been tied ;
¢ and in the many experiments I have made on this
¢ occasion, I never found coagulated blood but once ;
¢ and then the extremity of the artery was close con-
““ tracted. Tt was,” adds he in a note, “ in the artery
“ of a large dog which was strangled. The horses,
““ &c. were killed by being bled to death in the usual
“ manner, which seems to prove that the coagula are
¢ not formed while the blood circulates regularly, but
F 4
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¢¢ when the animal is near dying, or immediately after
¢¢ death.”

¢ Pouteau opened several arteries, and never found
¢ any coagulum ; nor is there any coagulum found in
¢ the umbilical vessels after death. From all which
““ may we not conclude, that this circumstance is
“ merely accidental, and no step taken by Nature,
““ who is always uniform if no impediment is in the
[ 41 Wﬂ}' ?'H

The positions of Mr. Kirkland—That the clot
hinders the artery from being closed, and may be the
source of a future hemorrhage—That if it extends to
the next collateral branch, a fresh flux of blood must
ensue on its coming away—That a putrefaction of the
clot is always the consequence of a free access of air,
and of the wound coming to suppuration,—are mere
opinions, unsupported by his experiments, and con-
tradicted by mine. The very experiments made by
La Fosse, to which he appeals in proof of the hemor-
rhage being suppressed by coagulated blood if the
fungus is not pressed close against the end of the
vessel, contradict those positions. He is inconsistent
when he would explain away what Petit saw, by say-
ing, that, ¢ notwithstanding this (the coagulated
“¢ blood within the artery,) it is very probable that
“¢ the hemorrhage was stopped by the natural contrac-
“ tion of the vessel :” for his position above is, that if
the fungus be ¢ only laid near the orifice, it sup-
¢¢ presses the hemorrhage by choaking up the mouth
¢ of the vessel with coagulated blood, which hinders
“ s being closed.” The two cases related by Mr.
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Faget, to which he refers, Ishall presently quote, and
shew that the contraction of the artery was only a part
of the process, and, in the degree he mentions, sub-
sequent to the formation of a coagulum. He is mista-
ken in saying that Pouteau never found any coagulum.
I have shewn that he found it in the horses on which he
made his experiments, when the examination was made
in proper time ; but looked for it in vain at an advanced
period, when other changes had taken place. That
Mr. Kirkland should find ¢ coagulated blood” only
once, I confess greatly surprizes me ; but his experi-
ments are before the public, and to this positive asser-
tion I have no answer to offer but an appeal to my ex-
periments, and to the very respectable testimony which
I have already brought, and still have to bring, in sup-
port of this fact. Mr. Kirkland refers to the 49th
vol. of the Phil. Trans. for the experiments of Mr.
La Fosse, farrier to the king of France, made upon
the principal arteries of horses after being divided, in
proof of the very circumstance which he afterwards
wishes to be considered as merely accidental ; namely,
the mouth of the vessel being choaked up with coagu-
lated blood, as he expresses it. In proof of this fact—
the existence of a coagulum—I beg leave also to refer
the reader to the same experiments, and shall only ex-
tract from the same volume the conclusions drawn from
those experiments, and communicated by Mr. Warner,
as from Dr. Latterman to Dr. Schlosser of London.

¢ Dr. Latterman observes, that the virtues of the
¢ powder of the lycoperdon, or the lupi crepitus, have
““ been known for some time ; but that Mr. La Fosse
¢ has made them more conspicuous by his experi-






79

gulum of blood will be equally formed, whether the
treatment be left to art or nature, if no collateral
branch is near the truncated extremity of the artery ;
and lastly, effused lymph, which, when in sufficient
quantity, forms a distinct coagulum just at the mouth
of the artery, will be always found, if the hemorrhage
is permanently suppressed.

The coincidence must in similar comparisons be re-
ceived as to the mere existence of the coagulum with-
out reference to its distinct parts, for only Petit, as
far as I know, has noticed, that part of the coagulum of
blood is external to the artery, and part internal, call-
ing them by the distinct names of ¢ couvercle” and
¢ bouchon ;”’ but the latter term, according to my
experiments, conveys a false idea, attaching an im-
portance to the internal coagulum that is not due to it.

My, Kirkland appeals to the cases of two waggoners
that ave related in Mr. Faget’s remarks on the use of
agaric, as making it very probable that hemorrhage is
stopped by contraction of the artery even in those
cases in which a coagulum is found. It is sufficient to
premise, that after amputation hemorthage was pre-
vented by confining pieces of agaric over the arteries,
and that one of the men died on the fifth day, the
other on the ninth, but there had not been the least
tendency to hemorrhage. Let us be more particular
in the report of the dissection. ¢ I examined the
¢ blood-vessels of those two patients after their death,
“ and I found them contracted and straitened, as if
‘ they had been tied, and in the largest of them a
¢ conie coagulation of the blood, which was an inch
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Petit, after observing that he prefers clots formied
by the spontaneous coagulation of the blood, without
the addition of caustic, styptics, or astringents; and
after entering into a particular detail of the phenomena
of coagulation, and noticing the greater firmness of
coagula when they consist of lymph alone, than when
they are in part formed of red globules; very judi-
ciously adds, ¢ Le Caillot de la seule lymphe est
¢ donc plus ferme, et par consequent plus durable
¢ que celui de la partie rouge et de la partie blanche
¢¢ mélées ensemble ; et # est done plus avantageur que le
¢ caillot qui arrete le sang soit fait de la partie blanche
“ seule, que $'il est fuit de Pune et Uautre mélées ensem-
¢¢ ple. Petit, Memoires de I'’Acad. Roy. des Sciences.

¢t Apres toutes les observations que jai faites sur
¢ lJa maniere dont s'arrete I'hemorrhagie, je n’ai pu
‘¢ m’empécher de considerer le Caillot comme un Corps
¢ formé de Passemblage des parties du sang qui sont
¢¢ destinées a la nouriture et a la rveparation des parties,
““ Cest a dire, de cette substance que sepanche dans les
¢ plaies, et qui les reunit en quatre ou cing heures, st
““on a ex soin d’en rapprocher les bords. Ce qu'il y a
¢ de certain cest que nous trouvons ce Caillot aussi forte-
““ ment attaché au bord de Couverture de lartere que les
“ chairs qui forment les cicatrices, le sont aur levres des
‘¢ plates. Je ne pretends pas prouver ici que Porga-
“ nization de ce Caillot soit precisement la méme que
“ celle des chairs, qui se régénérent dans les plaies,
“ et qui forment leur cicatrices ; mais aussi on auroit
“ bien de la peine a prouver le contraire. Je laisse
¢ a part cette discussion, il suffit d’étre assuré que ce
“ carllot ou cetic portion de suc nourricier epaissic etant
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On the same subject 1 find the following experiment
by Haller. Venam grandem totam dissecui. Pars
intestino proprior non dedit sanguinem: pars vero
cordi continua utique. Arteriam laceravi, ut expirer,
num aliter lacerata se haberet quam incisa. Pars ea,
qua intestino proprior, eadem nullum sanguinem sup-
peditayit: a corde vero plurimus advenit, et modo
pleno flumine erupit, modo coarctato, ut columna
sanguinis conicam figuram exprimeret. Accurate exa-
minato phexnomeno adparuoit, invisibilem liquorem
partem luminis arteriosi tenuisse, eo majorem, (uo
proprior fuit valneri, ut pro eidem portione, sangui-
nea columna angustior foret. Nam rasd el abstersd
arterid torrens sanguinis cylindri plenam figuram
recuperavit, Denique perinde hwemorrbagire finis fac-
tus est, u/ alba nebule vubre cum centro, vas extremum
clauderet *,

I have diligently sought in periodical and other
records of surgery for cases of divided arteries in the
human subject, to illustrate and confirm the doctrine
of the natural means of suppressing hemorrbage as de-
duced from my experiments ; but I have been morti-
fied at finding those records so barren of these impor-
tant cases, and disappointed at the imperfect detail of
the few that are before the public. I have especially
to regret the total want of observation of the condition
of the artery itself, even where the opportunity of
ascertaining it had offered. Four.or five remarkable
cases of limbs torn off without hemorrhage, even from
the largest arteries, are recorded, but afford us not the
least instruction as to the means by which the hemor-

# Ilaller, Op. Minor. tom. [. sect. vii. p. 109, 110.






81

¢t A countryman was wounded with a knife in the
¢ arm-pit, so as to divide the axillary artery ; whence
¢¢ the blood followed with an incredible velocity, and
¢ he falling down soon after, was believed and laid out
¢ to be dead: but on the next day, when those who
¢ were appointed by public authority came to examine
¢ his body, that they might make a report concerning
¢ the mortality of this wound to the proper judges,
¢¢ they then found that there was some warmth still
- ¢ remaining about his thorax, without any other signs
¢ of life ; and therefore they deferred the examination
¢ of the wound for some hours; during which time
¢¢ the wounded person, who every one imagined would
¢ totally expire shortly, began sensibly to recover
¢« himself ; so that notwithstanding his continuing so
¢ Jong in such a very low, weak, and almost lifeless
¢ state, he recovered, beyond the expectation of every

% gnpe.”

This case affords us the important fact, that the
axillary artery, even of the human subject, may be di-
vided, and yet the hemorrhage be suppressed by the
natural means ; but who would dare to risk this balance
between life and death! Compare Experiments IIL,
VI. and XI. and it will not be too much to repeat
what I said at the conclusion of the VIth, that when
very large arteries are divided, and the pressure of the
integuments is taken off, the external coagulnm must,
in general, form too late to prevent the animal from

being exhausted.
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¢¢ goupée, aussi bien que le tendon du muscle radiale
¢¢ interne. Enfin ce coup d’espadron avoit si bien
¢ ouvert la partie anterieure et interne de I'articula-
¢ tion du poignet droit que deveniie béante par le
¢¢ poids de la main, elle elit pQi y recevoir un ceuf.”

As some time was required to prepare a needle and
ligature, he placed the hand so that the lips of the
wound might be in contact, and made his boy hold it
in that position, while he made ready the things which
he required ; and says, ‘‘ Je me disposai d’abord a
‘¢ lier I'artere radiale: or pour appercevoir le sang
sautiller de cette artere, je saisis I'avant bras du blessé
avec ma main gauche, etavec la droit, j’empoignai
ses doigts que j’avois fait tenir par mon gargon; j’ou-
vris ensuite cette place en baissant la main pour ap-
percevoir I'endroit d'ou le sang s’elancoit avec tant
de violence : mais je me fut jamais plus surpris, que
lorsque je wisle sang arreté. Alors je dis que laNature
plus sage, nous apprenoit le vrai moyen d’arreter
I'hemorrhagie, et nous fournissoit de grands subjets
¢¢ de reflection.” Accordingly he only placed the lips
of the wound in contact, applied pledgets sprinkled
with Bol. Armen: and over them ::nmpresses' and
bandages ; and, to moderate the motion of the blood,
he applied a longitudinal compress along the inside of
the arm, which he put into a sling ; bled the patient
the next day ; kept him on an antiphlogistic regimen ;
and concludes with saying : ¢ Enfin le douzieme jour
¢ ]Je hlessé fut entierement guéri et n’a eu depuis ce
““ temps la aucune incommodité a son poignet *.”

£
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* Garengeot, Traité des Operat. &c. p. 978, et seq. It may

be observed, that Garengeot does not relate this fact to support any
c 2
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The operation of amputation i lambeau must also
have afforded many instances of the suppression of
hemorrhage in the human subject by the natural
means aided only by gentle pressure * ; for we find it
mentioned as one of the principal advantages of that
operation, that the application of a ligature on the ar-
teries is avoided by it; and Mons. de la Faye, in his
“memoir on that operation, after enumerating the ad-
vantages which had been imputed to it says: “¢ De ces
“ six avantages dont je viens de faire Penumeration,
“ Je n’en reconnois que quatre veritables scavoir la
¢ promptitude de la guerison, a cause que I'exfolia-
“ tion des os ne se fait point; la facilité d’appliquer
“ une jambe de bois ; linutilité de la ligature et des
“*¢ astringents aux quels le lambeau supplée +.”

And Garengeot speaking of this operation, says,
“ Clest dans cette sorte d’amputation ou le tourniquet
' est trés utile, puisque les vaisseaur ne sont pas liés,
¢ et n'ont pour empécher le sang de s'epancher que la
““ compression du lambeau, compression qui est infi-
“ niment au dessus de tous les autres moyens comme
* nous Iavons vQ dans larticle précédent.”” 1.e. in
the case which has been just quoted from him.

particular opinion which he had with regard to the natural means
by which hemorrbage is suppressed ; it is a mere digression in his
chapter on Amputation ; and, from the mannér in which he speaks
of it, it is evident that he had pothing more in view than simply to
detail the fact, and avail himself of the practical inferences o be
drawn from it: thus he says, ¢ Cette experience que le hasard
“ m'a fourni plutbt que I'habilité et la Reflection, m'a beaucoup
# gervi dans la pratique de la Chirurgie,” Ibid,

# See note B.

4 Mem. de I'Acad, de la Chirurgie, 8vo edit. vol, V. p. 213.
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All the quotations that appear in this section are to
be considered solely in reference to the natural means
of suppressing hemorrhage; for at present nature is
iny theme, and not art. Let not then my silence, as
to the practical opinions advanced in these quotations,
be misunderstood into an acquiescence with them.
When I undertake to shew the principle on which the
ligature acts, it will be quite manifest, that, in every
case admitting of its application, it is abundantly su-
perior to every other means which art can use to
bring the artery into that precise condition, under
which the natural process, that effects the permanent
suppression of hemorrhage, can most certainly, most
speedily, and most securely, take place.
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from divided arteries, Ishall now consider the process.
as it is performed in the case of punctured or par-
tially divided arteries, and also the process of repara-
tion whicill takes place in those arteries.

The re-union of a wounded arter}r 1s_an event
whmh I had been so little accustomed to think pro-,
bable, and the danger of attempting its re-union
seemed to be so w ell established by many ternf}mg
facts from practical authors, that I very much doubt
whether I should ever have made any expenments to
render them more convincing to myself. The follow-
ing experiments were originally instituted, chiefly with
a view of _ascertainiﬁg the manner in which an aneu-

rism is formed, when produced by a puncture ox
wound,

EXPERIMENT 1.

I laid bare the carotid artery of a horse with as little
injury to its sheath as possible, passed a piece of twine
under it, sewed up the integuments, drew out the
artery between two of the sutures by means of the
twine, and made a longitudinal wound in it with a
lancet, and, immediately withdrawing the twine, al-
lowed the artery to return to its place. The animal
had not lost more than two pounds of blood, at a very
moderate rate, when the hemorrhage ceased com-

pletely. He was killed in the usual manner by the
slaughterer.

G4
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EXPERIMENT 1I.

A very small incision being made through the inte-
guments, immediately over the carotid artery of a
horse, it was continued directly down to the artery, in
as narrow a space as possible. As soon as the sheath
of the artery appeared, I introduced my finger into
the wound, and keeping it on the artery, passed a lancet
down by the side of it, and made an oblique wound,
approaching nearer to a transverse than longitudinal
direction, through the sheath and artery ; the blgod
immediately flowed in a full stream, and I proceeded
to sew up the external wound, which was soon.accom-
plished, as it was very small. The horse was very
restless, turning his head in various directions, which
accelerated and kept up the hemorrhage with different
degrees of rapidity for a great length of time. An
hour after the operation the blood still continued to
trickle down his neck very rapidly. At length how-
ever the hemorrhage ceased, and the animal was al-
lowed to live twenty-four hours after the experiment.
On examining the parts, we found a small coagulum
of blood between the integuments and muscles. There
was a considerable effusion of blood in the cellular
membrane between the muscles, and in that which
surrounded the artery. On the external surface of the
artery, from the posterior point of the wound which
had been made in it, there was a rounded column of
lymph of a hrown colour, which not only completely
covered the wound in the artery, but some space
around it, and, extending upwards from the artery,
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The dog was killed and examined forty hours after
the operation. The integuments remained closed by
the sutures, but were much distended, and on cutting
them open, the wound was found to be full of coagu-
lated blood, with which the cellular membrane con-
necting the contiguous muscles- was also filled. On.
removing the blood from the wound, we found that
its surface was formed by a thick layer of smooth
lymph, which completely covered the artery. On,
cutting open the posterior part of the artery, the
wound was distinctly seen plugged up with lymph,
which adhered all round to its edges, projected a little
within the canal of the vessel, and was gradually lost
externally in the surrounding lymph. The artery
was a little contracted at the wounded part.

EXPERIMENT 1IV.

I made an incision over the humeral artery of a
horse as high up as I could get at it *, taking care not
to open its sheath ; and as soon as I could fairly feel
the artery, I sewed up the external wound, which
was rather extensive, passed my finger into the
wound between two of the sutures, and kept iton
the artery until F had passed a lancet, and made
a considerable wound in it. The blood flowed in
so large a stream that I conceived it impossible the

* This was the only horse that would allow me to perform on
his humeral artery;; Wwith almost all the others I lost much time

in making the attempt, and with some of them found it very dan-
gerous,
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animal could live long. After it had continued to flow
thus profusely for nearly ten minutes, T found that the
integuments afforded but little resistance to the escape
of the blood, in consequence of the principal sutures
being placed at a great distance from each other to al-
low of my getting at the vessel after the wound was
sewed up. I was induced to compensate for the effect,
which the integuments properly sewed up would have
had, by applying a piece of coarse cloth over the
wound, and once round the limb: it was the only
thing at bhand, and was not large enough to pass
oftener round the limb. The blood however continued
to flow, though in a diminished stream, and after
some time I left the animal bleeding. The day fol-
lowing 1 was certainly astonished to find the horse
alive, eating sparingly, but excessively thirsty. He
went on very well, having no return of hemorrhage ;
and five days after the experiment bad been per-
formed, he was Kkilled in the usual manner, On
laying open the wound, a small quantity of pus and
some coagulated blood were found in it; its surface
was formed by a very thick layer of coagulated lymph,
which had a granulated appearance, and completely
excluded the artery from the external wound, See

plate VI

On cutting open the artery at its posterior part, the
cellular membrane surrounding the wounded part was
filled and indurated with effused lymph. Within the
canal of the artery there was also a very considerable
and extensive effusion of lymph, which however did
not appear to have obstructed it completely, because
there was no t:na.gui‘um of blood formed on either side

i d
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of the lymph, although there was no collateral branch
to interfere with its formation; and a probe passed
very readily between one of the septa of the lymph,
and the artery, See plate VII.

EXPERIMENT V,

I exposed about an inch and a half of the carotid
artery of a dog, and, proceeding as in Experiment L
made an oblique wound in it; the blood fowed very
freely for some time, but at length a thrombus formed,
and the hemorrhage ceased. The day following I
found that the animal had got the sutures out of the
integuments, and the wound was completely open.

Eight days after the experiment the animal was kill-
ed ; and the wounded carotid injected from the aorta.
The external wound was still open, and its cavity !ﬂ..rge.
enough to receive a full-sized Spanish chesnut. The
surface of its cavity was formed by a smooth vascular
layer of lymph, lubricated with very glutinous pus,
and having rather a dark appearance just over that part
of the artery which had been wounded, probably in
consequence of some blood which had been effused at
the time of the experiment ; or the effused lymph may
have been mixed with some of the blood which lay
about the part. The artery was so completely covered
with the lymph that it could not be seen in the wound,
See plate VIIIL. fig. 1.

On examining the posterior part of the artery, the
iijection was found to have passed completely and uoi-
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collateral branch filled with injection on one side of it,
and on the other a very thin lamina of lymph adher-
ing to the internal surface of the artery. See plate V.,
fig. 3.

L

EXPERIMENT VIIs

The femoral artery of a dog was exposed, and a
considerable transverse wound made in it with a scal-
pel ; a rapid and profuse hemorrhage immediately fol-
lowed, and the external wound was sewed up as spee-
dily as possible. In this instance also the artery was

not drawn out of its situation, unor detached from the
surrounding parts.

Eleveu days after the experiment, the animal was
killed. The external wound was almost healed. On
dilating the integuments, I found the wound filled with
lymph, which bad a very vascular appearance. On
cutting through this Iymph I found it very thick,
hard, and firmly attached to the artery to a consi-
derable extent. The artery had been injected, and
the injection appeared to pass very readily through it.
On cutting open the posterior part of the artery,
there appeared a band of lymph, adhering firmly to
its internal surface, and extending almost round
it : there was a very small space which was free
from it; butin the entire state of the artery this space
must have been so close to the coagulum as to have
allowed very little, if any, blood to pass between them.
From the center of this transverse band or coagulum
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of lymph, there was a small conical portion projecting
in the upper part of the canal, and a long irregular
tapering portion hanging in the inferior part of it. It
also appeared that the wound had been made just
above a small collateral branch. All the collateral
branches were filled with injection, a thread-like por-
tion of which had insinuated itself between the coa-
gulum and the side of the artery at the above-men-
tioned point; but it appears much more probable that
the collateral branches below the coagulum were filled
by anastomosis than by this extremely small channel.
The cellular membrane on each side of the wounded
artery was very much thickened with lymph. See
plate V. fig. 4.

The hemorrhage produced from the artery of this
dog was so profuse as to render him extremely faint,
and reduce his strength very much ; at least I conclude
so, from not having observed him move his hind legs
for three days, When his food was carried to him he
raised himself on his fore-legs, ate it, and lay down
again. It was probably owing to this circumstance,
that he never had any return of hemorrhage ; for the
wound was certainly large enough to afford reason
to expect it.

EXPERIMENT VIILI.

The carotid artery of a dog being exposed, and
treated as in Experiment I. a moderate transverse
wound was made in it with a scalpel ; the wound im-
mediately assumed a circular appearance, and the

2
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blood flowed very freely from it; but after a short
time the integuments became distended with blood,
and the hemorrhage ceased. Eighteen days after the
experiment the animal was killed. The external
wound was completely healéd, and a bard lump was
felt under them. On cutting through the integu-
mepts, we found a circumscribed, hard, oviform,
portion of coagulated blood, lying immediately over
the wounded part of the artery, and confined by a cyst
which adhered to it and the surrounding parts: the
par vagnm was turned out of its direct and natural
course : the other parts about this mass had a perfectly
natural appearance. See plate IV. fig. 3.

On cutting open the posterior part of the artery, its
canal was found completely pervious throughout. The
wound in the artery preserved its original circular ap.
pearance, and was covered with the portion of coagu-
lated blood before noticed. This coagulum adhered
slightly to the edges of the wound in the artery, but
not at all to the cyst that contained it ; neither did it
fill up the wound so as to be on a level with the inter-
nal surface of the artery. See plate IV. fig. 4,

EXPERIMENT IX.

I laid bare the femoral artery of a dog, and made a
very considerable oblique wound in it, proceeding as
in Experiment III, A very profuse hemorrhage en-
sned, but it ceased after the animal had become ex-
tremely faint, During the remainder of this and the
following day, he lay continually in one place, raising

H
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red gelatinous appearance: through the part which
was not united, or which probably bad been torn
asunder after having been united, a bristle could rea-
dily be passed, and it made its appearance in the
cavity of the external wound, immediately under the
little mamillary process, and through the aperture al-
ready described. The coats of the artery were very
much thickened about the wounded part, :

EXPERIMENT X.

The brachial artery of a dog was cut through, in
the usual manner, as high up as it could be got at, and
to the extent of nearly half its «circumference. The
artery bled very profusely for some time, but the ani-
mal becoming extremely faint, and the integuments
distended with blood, it at length ceased ; the day fol-
lowing, however, it returned in consequence of his
moving about ; it returned also twice after this; and
on the beginning of the sixth day after the experiment
he died of hemorrhage. On examining the parts, the
sutures were found in the integuments, which were dis-
tended with a large clot of blood ; on removing this
we found a surface formed of a thick vascular layer of
lymph. At the bottom of the cavity of the wound
there appeared a small projecting mamillary process,
detached from the rest of the surface of the wound
almost all round its circumference. On cutting open
the posterior part of the artery, a large and almost
circular opening was seen in it; in short, the internal
aperture corresponded exactly with that which had
been observed externally round the mamillary process.

H2
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still, ']}'ing almost constantly in the saine place; and
I never afterwards observed any other sign of a return
of hemorrhage.

Twenty-two days . after this experiment, he died
in consequence of another which I had performed on
him. On examination we found the integuments ad-
hering to the subjacent parts, and the external wound
about the size of a common pea-issue, and covered
with a dark purulent matter. On wiping away the
discharge I found that more could be pressed out;
and on examining carefully, a sinus appeared, extend-
ing from the wound down to the artery. The sinus
was lined with coagulable lymph, and on dilating the
wound, which had been very deep, it appeared to
have been filled up with lymph, which covered the
artery and adhered firmly to it. After dissecting out
the artery with a considerable portion of the surround-
ing parts, and laying bare its posterior part, a bristle
was passed into the upper part; and after putting
it in different directions without using any force it was
at last seen at the bottom of the sinus. Tt was then
introduced into the inferior part of the artery, but I
could not detect any communication between it and
the sinus. The integuments &c. being then carefully
dissected from the anterior part of the artery, it was
immediately very evident that the artery was separated
into two portions, the extremities of which were at
least half an inch distant from each other. On pass-
ing the bristle again into the upper portion of the
artery, I was able to discover a very small space, a
which the artery did not adhere to an irregularly
formed coagulum that was turned a little on one side,

H3
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to him, a small quantity of recent blood was observed
on his straw, and blood was slowly trickling over his
wound.

On the twelfth day I had him taken out to examine
the wound particularly ; and in doing this a small coa-
gulum of blood which it contained, for the wound
was very deep, was forced out, and the blood imme-
diately followed, but by no means rapidly ; by allow-
ing him to remain quiet, it soon ceased,

On the fourteenth day, hemorrhage was againbrought
on by merely allowing him to walk gently out of his
kennel.

On the nineteenth day, slight hemorrhage was twice
brought on by the same exertion as on the fourteenth.

Twenty-fourth day. Between this and the nine-
teenth slight hemorrhage had freguently been induced,
by allowing him to walk about the yard. For several
days previous to the twenty-fourth I had observed the
mouth of the wound very much contracted, and a large
black coagulum within its cavity. Slight hemorrhage
was brought on again on this day by allowing him to
walk about; and in the evening, in consequence of
an extraordinary exertion which he made to run up a
few steps, two coagula, one very large, were expelled
from the wound ; profuse and repeated hemorrhages
followed their expulsion, and he died in the afternoon
of the day following, which was the twenty-fifth after
the experiment.

H 4
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On examining the wound, T found it filled with a
recent coagulum of blood, of the size of a hen’s egg.
On turning out this clot the surface of the wound,
consisting of a thick layer of vascular lymph, came into
view. At the upper and lower part of it there were
two small coagula of blood still sticking on it ; and on
many parts of it there were several small pendulous
portions of lymph, two of which, at the upper part,
were very remarkable ; one projected considerably in
the wound, and had an irregular surface, while the
other surrounded about half of its circumference, and
had a semilunar figure and smooth surface, butdid not
adhere to the former. Pressure being made over the
superior part of the artery, asmall quantity of fluid
blood issued from the wound, and just between the
two coagula described at its upper part. A Dbristle
being passed into the artery, just under Poupart’s
ligament, made its appearance within the wound,
through the same orifice from which the bleod had
flowed. On exposing the posterior part of the artery,
it was evidently separated into twe distinet portions,
connected to each other by a band of lymph extend-
ing from the extremity of one portion to the other:
this band had no doubt been formed by lymph ef-
fused into the posterior part of the sheath. On cutting
open the superior portion of the artery, we found that
it was gradually more and more contracted, as we ap-
proached its extremity, and that its mouth was in some
degree shut up by a small white coagulum, which ad-
hered very firmly to its internal surface. Between
this coagulum and the anterior parietes of the artery,
the head of a very small probe was passed, and

]
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then appeared in the external wound under the semi-
lupar band of lymph. In this portion of the artery
I observed, for the first and only time, a small lon-
gitudinal fold on its internal surface, extending from
the extremity about an inch up the canal of the vessel,
and resembling what Morand has delineated, and called
the ¢¢ froncement” of the artery ; with this difference,
however, that in this artery there was but one fold,
whereas he has represented several,

The inferior portion of the artery terminated in a
cone, the apex of which was formed by the extremity
of the artery closely contracted around a coagulum of
lymph, which adhered intimately to its internal surface,
Both extremities of the artery were surrounded with
lymph, and the cellular membrane about them was
filled with it to a considerable extent. See plate X,
fig. 1. and 2,

EXPERIMENT XIII.

The femoral artery of a large dog was laid bare,
and a tenaculum being then passed through the artery,
rather more than one half of it was cut through. The
other steps of the operation were after the manner of
Experiment 1. ; but not one drop of blood followed. I
visited the dog half an hour afterwards, but could not
perceive any hemorrbage : he was lying very quiet.
Two days after, taking him out of his kennel to per-
form another experiment on him, we found that the
integuments around the wound were smeared with
blaod to the extent of about twa inches in circumfe-
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EXPERIMENT XIY.

I dissected down to the brachial artery of a large
dog, and punctured it without removing it from its
situation ; the blood flowed very rapidly, and the
wound was sewed up as quickly as possible : the ani-
mal Jost a considerable quantity of blood, and ap-
peared very faint before the hemorrhage ceased. The
artery was punctured as high up as it counld be con-
veniently got at.

Thirty days after the experiment the animal was
killed, and the head and fore-legs injected from the
aorta. On dissecting the axillary and brachial arteries
of each extremity not the slightest difference could
be perceived in them: the injection had passed uni-
formly through each, so that it was impossible, on exa-
mining them, to say which bad been punctured. The
cellular membrane, however, about that which had
been wounded, was still somewhat thickened and har-
dened with lymph, and adhered more firmly about the
artery ; but it was by no means difficult to dissect it
from the artery, and then there was no difference to
be observed between it and the artery which had not
been operated on.

EXPERIMENT XV.

I felt the left femoral artery of a dog pulsating
very distinctly just under Poupart’s ligament, and
made an oblique puncture with a lancet sufficiently
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day following the parts appeared distended and tu-
mefied.

Six days after, the limb appeared getting well so
fast that I was induced to repeat the same experiment
on the opposite hind leg, the right, attempting only
to make the wound in the artery somewhat larger.
The day following I found that the animal had pulled
out the sutures from this last wound ; the coagulated

blood had escaped from it, and it had a smooth in.
flamed surface.

Six days after, the wound was very much contracted,
but the adhesion of the integuments to the surface of
the wound was by no means complete. The pulsation
of the artery, through the whole extent to which it
could be felt, appeared perfectly natural,

Eight days after the last experiment on this leg,
I again punctured the left through the integuments,
with the same effect as has been already described.

Thirty-siv days after the firft puncture had been made
in the femoral artery of this dog, he was killed, and the
pnstﬁrit}r extremities were inject{—:d from the aorta.

On dissecting the femoral arteries and their branches
of both legs, the injection was found to have passed
without any interruption uniformly through both of
them ; no difference could be perceived between them,
nor did either of them exhibit appearances differing
from arteries which have never been operated on,
except that the cellular membrane surrounding them
was thickened, and adhered in some parts with un-
usual firmness to the artery. -
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Two days after, the integuments on the upper part
of the limb, and under the abdomen, were of a very
dark colour, and, instead of the thrombus, a hard lump,
not one sixth of its size, was now to be felt. The hard
substance which lay over the artery of the right leg, in
the course of a few days more, could no longer be per-
ceived.

Thirty-nine days after the first experiment on the
left hind leg of this dog he was killed, and both hind
legs were injected from the aorta. On dissecting them
no difference could be perceived between them ; nor
did either of them exhibit any deviation from their
natural appearance : the injection had passed uniformly
through them without obstruction at any point. The
cellular membrane surrounding them was thickened,
and adhered more firmly than natural.
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# qu'il sera lui meme retenu par les membranes de
%¢ toutes les cellules dans les quelles il s'est engagé :
¢ c’est ce qui n’arrive point aux artéres entierement
¢ coupées.” This last sentence seems to have been
introduced merely in consequence of Petit’s having
-conceived the formation of ¢ le couvercle™ in the case
‘of a completely divided artery o have been wholly in-
idependent of the cellular membrane ; for he after-
‘wards says in direct terms: ‘“ Que I'hemorrhagic de
'é¢ Partere simplement ouverte est arrétée par un caillot
'¢¢ gomme celle de I'artere entierement coupée.”

As far as regards the tempdrary means by which
|hemorrhage from punctured or partially divided ar-
H1teries is stopped, I have but little to add to the account
iwhich I have just quoted from Mr. Petit; the accu-
igacy of which my experiments seem to have con-
ffitmed. I shall therefore only observe, that the blood
fiis effused into the cellular substance between the
tartery and its sheath for some distance both above and
Ibelow the wounded part; and that when the parts are
Jeexamined a short time after the hemorrhage has com-
Hipletely stopped, we find a stratum of coagulated blood
Jtbetween the artery and its sheath, extending from a
ffew inchesbelow the wounded part to two or three
linches above it, and somewhat thicker or more promi-
ent just over the wounded part than elsewhere ; so
that instead of saying that the hemorrhage is stopped
y a coagulum, which perhaps, with respect to the
rteries, always conveys to the mind the idea of a dis-
tinct form, it is more correct to say, that it is stopped
y a thick lamina of coagulated blood, which, though
fomewhat thicker at the wounded part, is perfectly
I
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a separation praportioned to its extent; and the trans-
verse, however small, seems to produce a circular #
aperture in the parietes of the artery,

It appears from my experiments that an artery, if
wounded only to a moderate extent, is capable of re-
uniting and of healing so completely that after a cer-
tain time the cicatrization cannot be discovered either
on its internal or external surface + ; and that even
oblique and transverse wounds, when they do not
open the artery to a greater extent than one fourth of
its eircumference, are also filled up and healed by an
effusion of coagulating lymph from their inflamed lips,
s0 as to occasion but little or no obstrnction to the
canal of theartery {. See Experiment II. and plate V.
fig. 1 and 2.

It is difficult however to determine the precise ex-
tent to which an artery may be wounded, and re-
united, so as to preserve the continuity of its canal ;
for it would appear, that when the wound is very
large, though not completely beyond the possibility
of being re-united, such a guantity of coaguluting
lymph is poured out, that the canal of the vessel at
the wounded part is more or less filled up by itd.
And when the wound is still larger (suppose half of
the eirénmference of the artery to be cut through),
instead of the re-union of the coats or obstruction of the

* Sce Note D.

+ See Experiments X1V. XV. XVI. of this Chapter.

T SeeNote E.

§ Sce prclimeuta 1V.and VII. p!ale V1L and piulu V. ﬁ;. 4.

12
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But, at the same time, the surrounding parts which
bave been exposed become inflamed, and pour out
lymph, so that the whole surface of the wound is
covered by a layer of coagulated lymph, which com-
pletely excludes the artery from the external wound *.
This lymph granulates, and the wound is filled up and
healed in the usual manner.

Finally, from my experiments it appears, that it is
extremely difficult to produce aneurisms in dogs and
horses by wounding their arteries.

But since from the similarity of structure and func-
tions of the parts in question in man and in these ani-
mals, we are authorized to conclude that they are simi-
larly affected by the same causes, or that the same
process, subjected, however, to many circumstances
that interfere with its success, is attempted for the re-
paration of wounded arteries in man as we find accom-
plished in these animals, although the experiments have
failed to produce aneurisms in dogs and horses; yet,
by shewing us what the process of reparation is in
these animals, they may enable us to explain the man-
ner in which aneurisms are formed in man. In fact,
‘the formation of aneurism appears to be one of the
most common effects of the failure of the process by
which the artery would have been united. And from
combining the pathological observations made on the
human subject by writers on surgery, relating to the
formation of aneurism, with the process of reparation

* See Experiments IV. and V. of this chapter ; also plate VI. and

fig, 1. of plate VIII.
I3
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lacerated ; but if small, it may escape laceration, but
undergo gradual dilatation ; and thus give rise to that
very slow formation of aneurism which has been so
repeatedly and universally observed #,

If these suggestions are allowed to be at all proba-
ble, it obviously follows, that it must be of the utmost
importance to prevent and counteract as much as pos-
sible any violence of the circulation, particularly at
the wounded part +. Hence the approach of fever
must be watched and moderated by means suited to the
constitution, &ec. of the patient: the local impulse of
the blood may, no doubt, be diminished by topical
bleeding and by posture. The limb should be kept as
completely at rest as possible, and such a degree of
pressure made on the part as it will bear without pro-
ducing tumefaction, or any other inconvenience f ;
and it will be necessary to continue that pressure
for some time after the external wound has com-
pletely healed, when it may perhaps be admissible to
increase the pressure a little§.  But let it not be un-
derstood that 1 mean to lay down this as the proper
treatment of a wounded artery || ; on the contrary, I
am convinced, that in every case in which it can be
done, it is best to tie the artery above and below the
wounded part, and to divide it completely between the
ligatures. This practice we find recommended even
by Celsus, who says, ¢ Quod si illa quoque profluvio

¥ Mr. J. Bell has related many cafes which illustrate very strik-
ingly this very slow formation of aneurism, although he has given
a different account. of their formation.
+ See note 1. + See note J.
§ See note K, | See note L.
1 4
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€ nos torrentes per album, pellucidumque coagulum
cwsibi iter fecisse, et nativuam sanguinis flumen restitu-
¢ isse, meque tamen unquam fere eo in loco qui in-
¢t cisus fuit plenum sanguinis rivam reparari, etiam
¢ quando sanguinis motus in orbem restitus est. Hu-
¢ amorem wvero esse, qui arteriam vulnera replet, cer-
““ qum widetur, album, in gelatine specien mutatum,
““ qui circa vulnus adherescit. Nam abraso arterioso
¢ venosove vulnere, aut absterso, sanguis denuo ef-
¢ fluit, ut ter in eddem rani, inque eddem ejus ani-
¢ malis arterid id experimentum eodem modo evene=
chott w!

These very interesting observations not only con-
firm the account, which has been given, of the manner
in which hamorrhage is stopped, and of the process of
reparation which takes place in the artery, but also
give us very curious information with regard to the
manner, in which the restoration of the circulation
through the artery is effected. As to his having scarcely
ever observed the stream of blood to be fully restored
at the wonnded part, it must be remembered, that he
never examined it any length of time after the Expe-
riment, but only immediately after having performed
it. It appears extremely probable, that what Haller
conceived to be a dilatation of the artery at its wounded
part to almost twice its former diameter, was only an
increase of size produced at that part in consequence
of the effusion of blood between the artery and its
sheath. That Haller did not pay a due degree of at-
tention to the arterial sheath, appears from the follow-

* Haller, Op. Minor. Exp. 180, p. 108.
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1 shall conclude this chapter with the following case
from Petit, as a striking illustration that the same pro-
cess of reparation takes place, and may be accom-
plisheﬂ, in the human subject, as that which I have
described from dogs and horses. Immediately after
the very accurate observations, which, at the beginning
of this section, I quoted from Petit, he gives the fol-
lowing interefting detail :

¢¢ Ce que j'avois cru pouvoir assurer fondé sur la
¢ seule analogie, je l'ai demontré a I'academie le
¢ Mercredi 3 Decembre, 1732 ; et le Samedi suivant,
¢ J'y fis voir Partére du bras d’'un Homme qui étoit
¢ mort subitement deux mois apres avoir été par-
¢¢ faitement gueri de I'ouverture de cette artere; je
¢ montrai alors que les levres de la place de 'artére
¢ n’étoient point reunies I'une a I'autre, mais que le
£ sang avoit été arrété par un caillot qui bouchoit
¢ Powverture, et qui eloit adherent a toute sa circon-
Fé ference "

Petit made experiments with this artery to ascertain
of what the coagulum consisted ; and he says, that
- after soaking it two months in water, which was
changed two or three times every day, and three years
in brandy, ¢ J'ai montrai que le caillot n’avoit rien
¢¢ perdu de sa consistance, ni de son adhérence a
¢¢ I'ouverture de lartére, d’ou I'on peut conclure
¢ que le caillot est une substance analogue a celle
¢ des cicatrices ; c’est ce que je voulois prouver +.”

# Petit, Memoires del'Acad. &ec. de I'année 1735.
4 lbid.






125

CHAPTER IIL

ON THE OPERATION OF THE LIGATURE; SHEW-
ING THAT ITS IMMEDIATE EFFECT IS8 TO
DIVIDE THE MIDDLE AND INTERNAL COATS
OF AN ARTERY, WHICH GIVES RISE TO THE
ADHESIVE INFLAMMATION.

THE importance of investigating the immediate ef-
fect of a ligature upon an artery, and of ascertaining the
best means of performing that operation, as well as
the process which results from it, is too obvious to
stand in need of illustration. In this chapter I propose
to confine my observations to the first of these sub-
Jects, leaving the others for subsequent consideration.

From the changes which I observed in an artery
after its complete or partial division, but particularly
after a longitudinal wound of it, as well as its ap-
pearance after a ligature had been recently applied, I
concluded that an artery is really cicatrized at its
extremity in every case wherein the application of a
ligature has the desired effect, viz. the prevention of
hemorrhage. The same thing had been asserted by
Petit and Morand in direct terms, but had not been
proved. To muke this manifest I was devising an ex-
periment in which the internal coat of an artery miche
be wounded, when my worthy and truly intelligent
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August 9th. The animal died this evening, iw con-
sequence of profuse secondary hemorrhage from one

of his femoral arteries, on which an experiment had
been performed.

Dissection. On cutting away the ligatures in the

integuments covering the carotid, we found a quantity
of thin pus in the wound, extending down to the ar-
tery, which however was covered and surrounded by a
very thick layer of lymph, not only at the part'on which
the ligatures had been applied, but also aboutan inch
below, and an inch and a balf above. In proceeding
to cut open the artery I only expected to find its inter-
nal and middle coat cicatrized, and its canal more or
less completely pervious; but, to my great astonish-
ment, it was completely obstructed and filled up with
lymph, which not only adhered to, but appeared to
form one substance with the parietes of the artery.
The lymph at each of its extremities appeared rather

of a dark red colour, in consequence cf the adhesion
of some red particles.

In consequence of my leaving Edinburgh seon after
this experiment had been performed, I had no oppor-
tunity of repeating it for many months: at length,
however, I obtained permission to perform it on a
horse whiclr had been sent to a slaughterer.,

EXPERIMENT II.

January 24, 1804. The carotid artery of a horse

was laid bare, and - four ligatures were applied arcund
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Having observed such extensive obstruction in the
canal of the artery by the application of three ligatures
in the dog, and of four in the horse, I wished next to
ascertain what number of ligatures were sufficient to
produce a complete obstruction, and therefore began
by trying a single ligature.

EXPERIMENT III.

January 25th, 1804. A small portion of the carotid
artery of a horse was laid bare, and tied with a single
ligature. The ligature was then removed, as in the
former experiment, and, the circulation being restored,
the external wound was sewed up.

~ January 28, the animal was killed. There was a
small cavity between the integuments and muscles,
owing to the depending position of the parts, and no
means having been used to keep them in contact,
There was a little pus in the cavity, and a very little
behind and about the artery, which was covered with
coagulable lymph. The sides of the artery being mi-
nutely examined, to account for the formation of this
pus, a loose portion of the ligature was found in the
pus. The ligature had been made of several threads,
and in cutting it away, one of these had been detached
and left behind. This led me to examine the parts
around the artery, on which the second experiment
had been performed, and about which pus had also
been found. I there discovered a similar loose por-
tion ‘of the ligature. To guard against this ac
K
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at any part completely cut through. At one part,
for the space of an eighth of an inch, they were cut
about half as deep as they ought to have been; and
to this part two slender coagula of blood adhered ;
but through the remaining circumference of the artery
the mark of the ligature internally could only be traced
by a slight, narrow, red line, It is obvious that the
ligature, in consequence of its breaking in the very
act of tying, had not produced those effects, on which
the success of the experiment entirely depended : the
failure of this experiment cannot therefore be consi-
dered as affecting the uniformity of the result of such
experiments, when properly performed ; and, on the
other hand, illustrates a very interefting fact, which
will be fully considered in the concluding chapter.

As T could not have many more opportunities of
operating on horses, I determined in the next instance
to use two ligatures.

EXPERIMENT V.

February 16th, 1804. A small portion of the carotid
vartery of a horse was laid bare, and two ligatures
‘were applied around it, about one eighth of an inch
Ifrom each other, in the manner, and with the view,
tdescribed in Experiments I. and Il. The ligatures
were then cut away, and the integuments sewed up.

February 19th, The animal was killed. The canal

of the artery was complely obstructed at the part on

hich the ligatures had been applied ; and on cutting
K2
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it open, at some distance from the obstructed part,
but between it and the heart, we found a considerable
coagulum of blood in this portion of its canal, and
which being removed, to ascertain the nature of the
obstruction, it was discovered that this portion of ar-
tery terminated in the same manner as arteries do, on
which a ligature has been applied and allowed to re-
main ; i. e. in a conical impervious sac. The artery
yust beyond this point felt hard and solid, T therefore
did not cut through its coat at this part, lest I should
spoil the appearance 1 have just described ; but pro-
ceeded to cut open the other portion of the artery
between the head and the obstructed part, beginning
at the extremity next she head, In this portion also
we found a considerable coagulum of blood, which
being removed, there appeared a small portion of
lymph, of the form of a heart, projecting within the
canal of the artery, the base situated next the coagu-
lum of blood, the apex terminating in the obstructed
part of the artery. Over the artery, and on each side
of it, there was a considerable effusion of lymph, ex-
tending from rather more than an inch below the ob-

structed part to nearly an inch and an half above it.
See plate XIIL

The integuments, from the cause before mentioned,
were not adhering to the internal surface of the weund:
that surface was formed by a very thick layer of lymph,
which was lubricated with pus, but there was not the
slightest accumulation of pusin the wound; ner was
there any about the artery; nor was there any pus
discovered in any of the experiments, except the se-
cond and third, in which the loose portions of ligature
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were found: in the succeeding experiments I used
small twine for a ligature, and was particularly careful
to see that it was completely withdrawn.

The examinations of these experiments having been
made only two or three days after they had been per-
formed, although the appearances observed (as for in-
stance, the considerable obliteration of the canal of
the artery by lymph, which seemed to form but one
substance with it, and the extensive coagula of blood
which defended the lymph from the impulse of the cir-
culating blood), seemed to place, beyond doubt, an
extensive obliteration of the artery ; yet, as it might
be more satisfactory to have direct experiments in
proof of the permanency of the obliteration, I deter-
mined to make experiments with this view; but as I
could not get horses kept long enough for this purpose,
I was obliged once more to have recourse to dogs.

EXPERIMENT VI.

March 2, 1804. The right femoral artery of a dog
was tied  with two ligatures, in the manner and with
the view formerly described ; the ligatures were then
withdrawn, and the integuments sewed up.

March 6th. The right brachial artery of the same
dog was tied as high as possible in the axilla. The
whole of the experiment was conducted as above de-
scribed,

K 3
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there can be little reason to doubt the "eﬁiciéntj,r of the
obstruction, produced in the manner deseribed in these
experiments, to occasion a complete obliteration of the
‘artery to the first collateral branches above and below

the obstructed part. The changes here alluded to I
shall consider in the next chapter,

In the preceding parts of this treatise, I have uni-
formly endeavoured, without distorting or straining
any fact whatever, to shew from some of our best
writers on surgery, that the same effects are produced
on the arteries of the human subject, as on those of
dogs and horses, by the same causes: how far this'
similarity of effect has been satisfactorily proved, each
individual must determine for himself : to me it appears
sufficiently established to afford a reasonable expecta-
tion, that the obstruction produced in the arteries of
dogs and horses, in the manner above described, might
be effected, by the same treatment, in the arteries of the
human subject; and if it should prove successful, it
might be employed in some of the most important
cases in surgery. The success of the late important
improvements which have been introduced in the ope-
ration for aneurism, may perhaps appear to most sur-
geons to have rendered that operation sufficiently
simple and safe ; but if it be possible to produce ob-
struction in the canal of an artery of the human
subject, in the above-mentioned manner, may it not
be advantageously employed in the cure of aneurism ?
inasmuch as nothing need be done to prevent the im-
mediate union of the external wound. The operation
may then be considered merely as a simple incised

wound. It is scarcely necessary to observe, that I
K 4
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CHAPTER 1IV.

ON THE PROCESS OF ADHESION, AND THE
CHANGES WHICH AN ARTERY FINALLY
UNDERGOES, IN CONSEQUENCE OF THE
APPLICATION OF THE LIGATURE.

SECTION L

THE subject of the ligature has been treated by
some of the most eminent writers on surgery, and
most of the facts with regard to it are well understood ;
but in a subject of such great importance, it is neces-
sary that all the ebhanges, and the order in which they
happen, should be ascertained,

In relating the experiments undertaken with this
view, I shall first give an account of those in which
a ligature was applied on the cut extremity of the
artery, or in which two ligatures were applied on the
vessel, and the intermediate portion completely di-
vided; and secondly, of those in which the artery
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Six hours after the experiment the animal was
killed. The edges of the integuments already adhered
to each other at two points by means of lymph.
The cellular membrane between the integuments
and muscles was of a red colour, had a smooth feel,
and polished appearance ; and numerous vessels were
seen running over its surface. One part of the wound
was discoloured with blood ; but the inflamed vessels
of the cellular membrane chiefly gave it a red ap-
pearance. A considerable layer of coagulable lymph
extended from just below the ligature on the inferior
portion of the carotid, to above the ligature on the supe-
rior portion, thus completely covering both extremities
of the artery, and the space between them. It also
adhered i:'u'ml}r to the muscles on each side of the
artery, On tearing a portion of this lymph, its fibrous
texture was already very apparent; and numerous
small red points were observed on its surface.

Both portions of artery were opened, but no inter-
nal coagulumm of blood was found: each contained a
little fluid blood, but not more than is commonly
met with in the arteries immediately after death.
Each extremity of the artery was thickened, and when
cut, seemed softer near the ligature than elsewhere,

EXPERIMENT II.

The humeral artery of a dog was tied in two places,
and divided between the ligatures. It retracted as
usual. The integuments were brought together by
two sutures,
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wound appeared to be very vascular, the lymph
having a red and granulated appearance. A small
abscess pointed out the situation of the ligatures,
which had occasioned ulceration of the external coat
of the artery to such an extent, that they came away
on using a very slight force. Both portions of the
artery being cut open, it was ascertained, that each
was uniting at the wounded part into a pouch-like
extremity. In the upper portion there was no internal
coagulum, in consequence of the ligature having been
applied just below a collateral branch; nor was the
lymph that united the extremity of this portion of the
artery in sufficient quantity to be perceptible.

In the inferior portion of the artery there was a
small coagulum of blood, which was loose towards the
canal of the arterv, but adhered to the pouch-like
extremity by Iymph, which was more apparent in it
than in the upper.

EXPERIMENT IY.

See Chap. I. Experiment XVIII. and plate III. fig. 1.
for the representation of the state of an artery seventy-
two hours after a ligature had been applied on it. The
detail of that part of the experiment which relates to
the effects of the ligature I shall now subjoin.

A piece of coarse twine was laid along the portion of
the carotid next the heart, and included with it in a
ligature, about half an inch from the ligature at the
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EXPERIMENT V.

The carotid artery of a dog being exposed, a ligature
was applied on it, and the artery divided about three
lines breadth from the ligature, between it and the
head of the animal, The external wound was closed
with sutures.

Four days after, the dog was killed. On examining
the wound, the integuments were found open, the ani-
mal having got out the sutures; in consequence of
which the wound, although much contracted, had a
deep appearance. On dilating the integuments, we
found that the surface of the wound was formed by a
thick layer of coagulable lymph, which appeared very
vascular, and was thinly covered with pus.

This layer of lymph being cut through, and the ar-
tery, which adhered to it very firmly, exposed, we
found it much thickened, to the extent of at least one
third of an inch from its extremity. The ligature was
still on, but had occasioned ulceration and separation
of at least two thirds of the circumference of the ar-
tery. A black conical coagulum, about a quarter of
an inch long, was found within the extremity of its
canal, which it did not completely fill; nor did it
adhere to the side of the artery ; but was slightly at-
tached to the part which had been recently united by
the application of the ligature, and which appeared to
be a mere point, the extremity of the artery being so
contracted as to form a cone.
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EXPERIMENT VI,

The femoral artery of a young dog was laid bare ;
two ligatures were applied around it, about three quar-
ters of an inch from each other, and the intermediate
portion was completely divided. The cut extremities
immediately retracted nearly half an inch from each
other. The external wound was sewed up.

This dog died six days after, in consequence of very
extensive intus-susceptio and inflammation of his intes-
tines. On examining the limb, the external wound
was found to be very much contracted, but not com-
pletely healed. Tts surface had the same appearance
after the integuments were dilated, as has been de-
scribed in the last experiment. The artery being ex-
posed, it appeared, that the posterior part of the layer
of lymph that formed the surface of the wound, was
firmly attached to the inferior portion of the artery, a
little below the ligature, and extended up to the supe-
rior extremity of the artery, which it also covered and
adhered to firmly. The ligature, which had been ap-
plied on the superior portion of the artery, had escaped,
and could not be found ; the extremity of the artery
was completely closed and covered with lymph. Being
cut open, its tunics appeared very much thickened,
and a small black coagulum, that was not attached to
any part, was found at the end of its canal, which was
very much contracted. On the inferior portion of
the artery the ligature still remained ; its tunics were
very much thickened, and surrounded with lymph,
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and a very small black coagulum was found at the

extremity of its canal, which was completely united,

and very much contracted. Withdrawing the coagu-

lum, to examine the termination of the canal, it did

not adhere to any part, but was confined by the con-
~ traction which the artery had undergone.

EXPERIMENT VII.

Two ligatures were applied around the carotid
artery of a dog about an inch from each other ; the
ligature nearest the heart was tied very tight, that
next the head was tied in the usual manner; the
artery was not divided between the ligatures, and
the external wound was sewed up.

Fleven days after the experiment, the animal was
(killed ; the external wound was very much contracted,
but not healed. Its surface was covered with pus,
that seemed to issue from under the sterno-mastoid
muscle, which being raised, we found a cavity between
it and the artery, containing a small quantity of pus,
and a sinus extending from the cavity about an inch
and a quarter by the side of the artery towards the
‘heart.  The ligatures were not to be found, but they
““had probably occasioned the formation of this abscess ;
‘#and the evect position of the head had favoured the
extension of the pus by the side of the artery. The
artery was separated into two distinct portions, about
“wan'inch: distant from each other ; but the extremity of
. the portion next the heart was so completely enve-
Joped in lymph, which adhered to it too intimately
L
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to be dissected off, that it was impossible to say
exactly where it terminated : this lymph gave the ex-
~ tremity of the artery the appearance of being much
larger than any other part of the vessel ; which indeed
had contracted so much, that it was very much smaller
than the corresponding portion of the other carotid.
The coats of this contracted portion of the carotid ap-

peared remarkably thick and white, except about half
an inch of it next the extremity, which was of a very
dark colour, occasioned by a coagnlum of blood that
did not adhere to the internal surface of the vessel,
but had rendered it very black, probably in conse-
quence of the artery being firmly contracted round
the coagulum, and of the absorption of the latter
having commenced.

The extremity of the superior portion of the artery
was completely closed, and of a conical form ; it was
covered with lymph, the cellular membrane surrounds
ing it was thickened and indurated, and there was a .
small coagulum of blood within its canal.

EXPERIMENT VIIIL

A small portion of the carotid artery of alarge dog
was laid bare, and a single ligature applied arennd it
in the usual manner. The external wound was then
sewed up.

Twelve days after, the animal was killed ; and on
examining his neck, I found the wound, in appearance,
filled up and healed, except for the, space of about3
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six-pence, which was covered with pus; but on
wiping away this matter, and making gentle pressure
around the part, it was immediately covered again
with pus. A probe was passed, and there appeared
to be a deep sinus, which being dilated was found to
extend to the part of the artery that had been tied,
and to which the ligature was still attached. After a
free dilatation of the parts, we found that the artery was
covered, to a considerable extent above and below
the part which had been tied, with a thick layer of
coagulable lymph, through which the ligature was
projecting, The posterior and lateral parts of the
artery resembled a small ligament, for the space of one
third of an inch, at the part which had been tied ;
and each portion of it was of a conical form. Both
contained coagula of blood, which had the exaet form
of the artery, but did not adhere to its internal sur-
face, as far as they could be examined without turning’
them out of its canal : they were obviously confined
by the artery at their extremities next the obliterated
part; for at each extremity was distinctly seen; Wwhat
was originally the base of the coagulum converted
into the apex by the contraction of the artery ¥. The
ligature must have been detained merely by a few
fibres, as I could not detect it, either at the posterior
or lateral part, although I cut into them as much as
I could without destroying the small, obliterated,
ligamentous portion of the artery. See plate XIV.
fig. 1.

* See Note M,

L 2
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tremely difficult to get a distinct view of it. On
cutting it open, from under the inferior maxillary bone
towards its extremity, we found its canal very much
contracted, to the extent of at least two inches from
the extremity. The injection had insinuated itself
into this part, but was extremely slender and ta-
pering. It will be remembered, that this portion
of the artery was supplied with blood only by
anastomosing branches, and consequently there was no
impetus of the blood to resist its gradual contraction
and obliteration. From the termination of the injec-
tion to the extremity of the artery, a space of about
one third of an inch, its canal was completely oblite-
rated, and its coats were converted into a firm, thick,
solid substance. No discharge of blood had ever
been observed from this artery after the experiment,

EXPERIMENT X.

The humeral artery of a dog was tied, as high as
it could be reached, with a single ligature ; and the
external wound was sewed up,

Thirty-three days after the experiment the animal
was killed, Not the slightest discharge of blood had
ever been observed, The external wound was com-
pletely healed, On cutting open the integuments, and
dissecting down to the artery, the cellular membrane
appeared slightly thickened. The artery was com-
pletely obliterated, from just below a collateral branch
n the axilla, to the extent of at least an inch and a half

L3






151

artery were seen ramifying freely through them ; but
“the muscles of the thigh were most minutely injected :
the vastus externus, in particular, had a most beauti-
ful appearance; by merely dissecting off its fascia,
numerous small branches might be seen anastomosing
through it : it is principally supplied with blood by the
ﬂ:rufunda, and a considerable branch above the knee.
A very large anastomosis was traced between the pro-
funda and another branch arising just above the knee.
‘The artery just before it passed on the back part of
the knee jeint, gave off a considerable branch, which
formed several anastomoses with the ischiatic artery
on the inner side of the glutwus maximus, Another
branch from the inferior portion of the femoral artery,
given off higher up above the knee, anastomosed
very freely, in one of the posterior muscles of the
thigh, with a branch from the ischiatic : almost every
one of these anastomosing branches had a very serpen-
tine course; the artery was much convoluted, and
most of the anastomoses formed small circles; thus,
when two branches, one from above, and the other
from below, approached each other, at some little
distance before they met, each divided into two
smaller branches, which, anastomosing with each other,
formed a small circle or oval. A considerable branch
was sent off from one of the lumbar arteries, and passed
close under the integuments, and over the fascia of
the thigh, giving off many branches to the integu-
ments in its course, and terminating in repeated
anastomoses with the arteries about the knee,

The vein was obliterated to a greater extent than

she artery, and the superior and inferior portions com-
L4
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extremity of this obliterated portion, lateral branches
were given off; wiz. on the inner side of the femoral
artery, the anterior tibial, immediately below the ob-
literated portion ; on the outer side of it, two branches
of moderate size, one just above, and the other imme-
diately below the obliterated part: although the lower’
branch was given off at rather an acute angle, its rami-
fications stretched out laterally, and anastomosed
freely with the small branches of that which was given'
off above the obliterated part; one branch, in parti-
cular, dipped deep into the muscle, and then turned
directly upwards, and united with the superior branch.
Two branches from the inner side of the femoral
artery, given off one a little above, and the other be-
low the obliterated part, soon divided into five smaller
branches, which anastomosed with each other. From
the upper part of the femoral artery, a considerable
branch passed down, immediately under the rectus
cruris, and anastomosed freely with several small
twigs above the knee. The anastomoses were formed
precisely in the manner described in the last experi-
ment, 2. e. by tortuous branches, most of which anas-
tomosed in small circles or ovals. The other principal
anastomoses, formed by the profunda and ischiatic with
branches from the inferior portion of the femoral, just
above the knee, were precisely similar to those
described in the preceding experiment. The principal
anastomoses however appeared somewhat larger ; but
the muscles of the thigh, although very vascular, by
no means exhibited so many vessels gs those of the op-
posite limb. Did this depend on the obstruction
which had had been made to tiie return of the blood in
the right Jeg by tying up the vein, in consequence of
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from the surrounding parts. The external wound was
then sewed up,

Forty-nine days after the experiment, the animal
was killed ; and the carotids were injected from the
aorta. The external wound was completely healed ;
and on dissecting the left carotid from the aorta up-
wards, it was found, that the injection had not passed
more than an inch up its canal, which was very much
contracted, so that this portion of the artery was con-
siderably smaller than the corresponding portion of
the right carotid. From the point at which the in-
jection terminated, the artery was much more con-
tracted ; felt like a hard cord ; and was of a dark grey
colour, for the space of about an inch and a quarter,
It was cut open with some difficulty, gs its canal was
completely closed ; its tunics were found remarkably
thick, and its internal surface of a black colour, but
there was mo coagulum within it, The artery termi-
nated ip a firm, white, conical portion, abouta quar-
ter of an inch in length, and which was united to the
extremity of the superior portion by a small liga-

mentous band of Jymph, about one third of an inch
long,

'The extremity of the portion of the artery next the
head had also undergone complete consolidation, and
was very similar to the other extremity. Its canal was

completely obliterated for the space of an inch and a
half from its extremity ; and through the whole of this
extent, it was very much diminished in size, and had
2 ligamentous appearance : from the end of this obli-
terated part to the first lateral branch, its canal was
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with a purulent discharge very deeply tinged with
blood. Ten days after the experiment, the wound
was almost healed. . o manta

_Eighty-one days after the experiment, the animal was
killed, and the hind legs were injected from the aorta.
On dissecting them, we found, that the left femoral
artery was obliterated, to the extent of an inch and
a quarter, at the part which had been tied : this obli-
terated portion was so uaurcws':melj,:r'r slender, that it was
difficult to preserve it; and at each extremity of it,,
- there was a lateral branch, which anastomoesed very
freely with the other. It would be tedious to describe
the mumerous anastomoses, observed in the various
branches of this limb ; they were much larger than
these described in Experiments XI. and XEI. a.lthmtgh
this animal was much smaller than, that on which those
Experiments had been performed; but like them,
they wére chiefly formed in circles, and the branches,
by which they were formed, were extremely tortuous,
which rendered them very beautiful, particularly when,
they were first exposed, as the loose state of the mus-~
cles, and the necessary distortion of them, to get at
the arteries, for the purpose of dissecting them, very
much diminished their tortuous appearance. The
muscles of this limb were florid and healthy, but they
did not exhibit that minute and extremely vascular
appearance, which was observed in the experiments
referred to above. The. principal anastomoses were
formed by the same branches as in those experi-
ments, . ¢. by the profunda and ischiatic, above the
obliterated part, and by branches from the inferior
portion of the femoral, particularly about the knee,
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SECTION IL

The first effects of the ligature upon an artery are,
a complete division of its internal and middle coats,
an apposition of its wounded surfaces, and an cbstruc-
tion to the circulation of the blood through its canal.
The artery does not become unusually distended in
consequence of this obstruction * principally because
the collateral branches afford a passage to the blood ;
and partly in consequence of the effect which the ob-
struction to the arterial canal, and the pressure made
by the ligature, have in depriving that portion of the
artery of the property of accommodating itself to the
quantity of blood determined to it: a property which
it has frequently been observed arteries are endued
with, to a certain extent, when entire and free from
pressure +, and which is beautifully illustrated by
the almost immediate enlargement which the collateral
branches have been observed to. undergo, when a trunk
has been tied {. From these circumstances it appears,
that the enlargement of the portion of the artery,
between the first collateral branch and its extremity
is prevented ; but it is obvious that there must be a
small quantity of blood just within the extremity of
‘the artery, and which is more or less completely at
rest ; it therefore coagulates, but does not appear in

* See Note N. ; 4 See Note O.
1 See Note P.
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8o that, in a very short time, the extremity of the
artery is enveloped in Ilymph, and covered with a
layer of it, just as we have seen the punctured artery
to be ¥. After a short time, the ligature occasions ul-
ceration of the part around which it is immediately
applied ; and, acting as a tent, a small aperture is
formed in the layer of lymph effused over the
artery ; through this aperture a small quantity
of pus is discharged, as long as the ligature remains ;
and finally, the ligature itself also escapes, and
the little cavity, which it” has occasioned, granulates
and fills up, and the external wound heals in the usual
manuver ; leaving a considerable thickening and indu-
ration of the cellular membrane, extending a little
beyond the extremity of the artery. See plate XIV.
fig. 2.

But since a certain degree of ulceration and form-
ation of pus appears to be the necessary effect of the
ligature, and this ulceration takes pluce as near as
possible to a newly cicatrized part, and as it is a well
known fact, that such parts very readily ulcerate,
it is obvious, that every possible means should be em-
ployed, to prevent the extension of this ulcerative
process': hence we should guard against the accumu-
lation of pus about the extremity of the artery, by
such pressure as the parts may conveniently bear ; by
placing the limb in such a position as will allow a
ready exit to the pus; and, in some instances, by the
application of sponge.

* See plate XIV. fig. 1.
M
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It is certainly desirable, that the ligature should come
away as soon as possible, yet [ am convinced, that great
care is necessary in endeavouring to expedite this event.
We sshould always remember that so long as the attach-
ment of the ligature appears to have any degree of
firmness, any force exerted on it (as for instance,
by pulling it rather strongly), must act more or less on
the recently cicatrized extremity of the artery, which
is not only contiguous to it, but is still in union with
that portion of the artery which detains the ligature ;
for it is the external coat of the artery, which hinders
the separation of the ligature, partly, in consequence
of its undergoing ulceration slowly, and partly, be-
cause the ulceration, which takes place in the first
portion of the artery, by rendering the ligature loose,
diminishes very much its power of promoting ulcera-
tion through the rest of the artery. But so long as
any portion of this external coat remains entire, it is
continuous with the external coat of the newly cica-
trized portion of the artery, and therefore any force
exerted on the former may be extended to the latter :
hence it appears most prudent, that so long as our
attempts to draw away the ligature meet with much
resistance, they should only be exerted in such a gen-
tle and gradual manner, as may promote ulceration
of the part by which the ligature is confined, with-
out endangering laceration of the recently united
parts. '

The permanent changes which take place in an
artery, and in the circulation through a limb, in con-
sequence of the application of the ligature, are pre-
cisely the same as those which happen from the
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division of an artery, and which I have described in
Chapter I. Section III. The portion of the arterial
trunk which has been tied, undergoes a gradual con-
traction and obliteration to the first collateral branches,
and finally dwindles to a mere fibre ¥*.

The collateral branches are unysually distended and
excited to stronger action from the moment that a
complete obstruction is formed in the trunk, and, con-
sequently, the commencement of their enlargement
may be referred to that period +. Their increase of
size seems to be proportioned to the exigencies of the
particular case ; thus, if the limb has been amputated,
it does not appear to be finally wvery considerable,
but if the limb remain entire, and only the natural
course of the circulation be obstructed through
the main arterial trunk, their enlargement is much
more conspicuous §, and is particularly observable in
the small inosculating ramifications of the collateral
branches, by which the circulation appears to be car-
ried on, after a certain time, as vigorously in the limb,
the principal artery of which has been obstructed,
as in that, which has preserved its natural circula-
tion§. See Experiments XI. XII. and XIV.

The effects of tying an artery properly appear then
to be the following : -

1°. To cut through the internal and middle coats of
the artery ; and to bring the wounded surfaces into
perfect apposition,

* See Note Q. Also Experiments X, X1, and XII1. of Section
I. of this Chapter,

T See Note P.  See Note R. § See Note S,
M2
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2*. To oecasion a determination of blood on the
collateral branches.

3°. To allow of the formation of a coagulum of
blood just within the artery, provided a collateral
branch is not very near the ligature,

4°. To excite inflammation on the internal and mid-
dle coats of the artery by having cut them through,
and consequently, to give rise to an effusion of
lymph, by which the wounded surfaces are united,
and the canal is rendered impervious: to produce
a simultaneous inflammation on the corresponding
external surface of the artery, by which it becomes
very much thickened with effused lymph; and at the
same time from the exposure and inevitable wounding
of the surrounding parts, to occasion inflammation in
them, and an effusion of lymph, which covers the
artery, and forms the surface of the wound.

5°. To produce ulceration in the part of the artery
around which the ligature is immediately applied,
wiz. its external coat.

¢°>. To produce indirectly a complete obliteration,
not only of the canal of the artery, but even of the
artery itself to the collateral branches on both sides of
the part which has been tied,

7% To give rise to an enlargement of the collateral
branches.

In the account which I have now given of the ef-
fects of the ligature on an artery, I have had in view
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only those instances, in which the ligature has been.
applied on the extremity of a divided artery, or those
in which two ligatures have been applied on an artery,
at a small distance from each other, and the inter-
mediate portion divided. But, from observation on the
human subject, it appears, that the effects are different,
or at least their accomplishment is much more likely
to be interrupted, when one or two ligatures are ap-
plied on an artery without any subsequent division of
it. With regard to the circumstances which occasion
this difference, I shall cousider them in the following
{:ha.ptﬂr.

M3
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sidered then, only as a primary and temporary part
of its office ; we are chiefly to consider its application
in the mere interesting and important view of an ope-
ration, which bas for its object, not only the imme-
diate suspension of the hemorrhage, but also the ad-
hesion of the internal and middle coats of the artery,
as the enly permanent security against the return of
the hemorrhage.

But it is well known that, generally speaking, we
can only obtain union by the first intention in eclean
and simple incised wounds, consequently it is only in
such wounds of the arterial coats that we can reason-
ably expect it; and hence, it is obvious, that we
should take the utmost care, to use the ligature of the
form, and to apply it in the manner most conducive
to the formation of such a wound.

Having premised these general observations, which,
I hope, appear sufficiently well founded, to serve as
data, from which we may reason as to many of the
causes of secondary hemorrhage ; I shall now consider
the manner in which the ligature, by its improper
form or application, may give rise to secondary hemor-
rhage. It may with truth be asserted, that that part
of surgery which relates to the securing of arteries,
obtains.a very inadequate degree of attention: pro-
vided that ligatures are ready, their size and form,
whether completely flat or irregular, are, I believe,
seldom attended to; nor does it appear that the de-
gree of force employed in tying the artery, is often
taken into consideration. Some surgeons, wishing to
guard against the ligature’s slipping off, tie it with

M 4
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ternal coat, it will produce the same effect on the newly
united parts, and of course, secondary hemorrhage.

If a ligature is of an irregular form *, the proba-
bility is, that it will cut throngh the internal and
middle coats of an artery more completely at some
parts, than at others ; but from Experiment IV. re-
Jated in Chapter 111. it appears, that, to induce a suf-
ficient degree of inflammation, to oceasion an effusion
of lymph from the internal surface of an artery, it is
necessary that these coats should be completely cut
through : this fact does not rest on the authority of
that experiment alone, for in all my experiments with
the ligature, which were examinced soon after it had
been applied, although the iternal surface of the
artery appeared inflamed a little way above the part
at which it adhered, vet in no iastance did it exhibit
the appearance of lymph having been effused on i,
except at the part which bad beet cut 5 and the point of
adhesion was wever more than a line’s breadth : in short,
the artery seemed to adhere only it its cut surfuces 4.

* Ttis a fact, which T have had opportunides of observing,
that, thmugh inattention; a ligature is sometines made flat av one
part, triangulir or nearly so at another, and so on alternately
through its whole length.

+ This fuct is well' illustrated by adverting to the opinien that'
Pouteau enteriained of the effee s of I-I[_f‘.lllll'!“'!i, and whigh n;aini‘nn'
was founded on ebservations made on the state of the artry of’
which he bas given a plate. Poutean considered it 1w be proved”
with regard to higatures, *“ que leur effer mlest point d”irreter lo
“f sang an dessws du fil; ni tmmediatement soles e fil, mais duns la
‘* partie du voisseau eycedinte au dessons de la ligatuve.” Molin_es
de Ellimrgiuj p. 322:3. Now as Pl'Ir Puouteau recommenided that
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Another circumstance with regard to the ligature,
is its being applied so as to form an oval instead
of a circle, by embracing the artery higher up
on one side than the other: this, I am aware,
will be more or less ‘remedied in the act of
tying, but yet in consequence of an artery being
drawn out unevenly with the tenaculum, or, if it be
entire, of the cellular membrane being more de-
tached from it on one side than the other, this may
sometimes happen ; and it is obvious, that, insuch a
case, the cut edges can neither be so justly placed, nor
so firmly kept in apposition, as they ought to be;
they will, therefore, be more easily torn asunder, and
the ulceration produced by the ligature will be
much more likely to affect the recently united parts,
and produce hemorrhage, if they escape it from other
causes, I do not say that a ligature can be tied around
an artery so as to form a complete oval ; I mean to al-
lude only to the deviation from a circle: now it
appears from what has been already said, that it is
only the cut surfaces which unite; any deviation
therefore from a circle must be unfavourable to the
exact and steady apposition of these parts. I think
there can be little doubt, either as to the reality of the
ligature being sometimes applied in that way, or as
to the tendency of such an application of it to produce
secondary hemorrhage.

It cannot reasonably be expected, that I should il-
lustrate the opinions, which 1 have now offered, by
cases ; and perhaps it would not be very easy to con-
firm them by experiments on dogs, for whom Nature,
with very little assistance, seems to doso much. If
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ping off of a ligature. It is well known that this
accident has often happened ; and it may be ad-
duced in confirmation of the observations which I
have offered, on the improper and careless applica-
tion of the ligature; for however surgeons may en-
deavour to excuse themselves by referring it to the
violent impulse of the blood # ; T believe that a candid
inquirer into the cause of it, will ind a much more
rational and satisfactory explanation, either from
the clumsiness of the ligature, which prevented its
lying compactly and securely round the artery; or
from its not having been applied tight enough,
lest it should cut through the coats of the artery too
soon ; or, finally, from its having that very insecure
hold of the artery, which the deviation from the cir-
cular application, above alluded te, must necessarily
oceasion. It is obvious that these causes may be va-
riously combined in the same case, and if one be

# To resist the Im]m!ﬁ-: of the blood and prevent its escape, is the
very Orst ohject for which we apply a liga.are on an artery, and
there can be no doubt that, when properly applied, it is fully ade-
quate to that purpose ; for weare not to suppose that the blond
continues to be impelled against the extrenity of the arery, with
the same impetuosity that it circulated through that artery, previous
to its being tied : the preceding chapter affords many proofs that
it does not. I shall not recapitulate them here, but shall only beg
leave to remind the reader, of the immediate determination of blood
to the eollaterd] branches ; and that it has been observed, that there
is no pulsation at, or for some space above, the tied extremity of
the artery : nor let it be said that this last cireminstance depends on
the retraction of the artery, for the fuct 1s, that the principal re-
traction of the artery takes place as soon as it 1= dnided, and if ihere
is any afterwards, it is certainly very little and very gradual.  See
also Note R,
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almost wholly imputed * ; but from what I have seen
of arteries treated in this way, it appears difficult to
conceive how retraction of the artery can have any
effect in producing it, or even how it is possible that
the artery can retract, when the ligature has been ap-
plied immediately around it, without incl uding any of
the surrounding parts ; for although the ligature pro-
duces ulceration of the parts with which it is in im-
mediate contact; yet, long before this process com-
mences, an effusion of lymph bas taken place around
the parts of the artery near the ligature, and completely
confines the artery to, and incorporates it with the
surrounding parts.  See Chap. IV. Experiment VIIL
and pl. XIV. fig. 1.

I hope it will be remembered, that T am only dis-
cussing the causes of secondary hemorrhage from ar-
teries treated in this way ; as I by no means wish it to
be understood, that I deny the advantage of an artery
being allowed to retract, hy dividing it after a liga-
ture has been applied on it. It is well known, how-
ever, that many successful operations for aneurism have
been performed, by applying a ligature on the artery
without any subsequent division of it; and I think it
highly probable, that if we could be minutely informed
of the circumstances of those cases, in which repeated
secondary hemorrhages have occurred when the ope.
ration has been thus performed, we should find the
hemorrhages referable, either to a discased state of the
artery ; to the various means which have been employed
for guarding aguinst hemorrhage, by contrivances to

* See note T.
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artery, by the speedy and profuse effusion of lymph,
which takes place over and round the artery, at the
part which has been tied ; and which not only secures
the portions of artery for some distance above and be-
low the ligature, but, at first, covers even the ligature
itself, which afterwards occasions ulceration through
this-layer of lIymph. If it be said that actual expe-
rience drawn from the human subject, is in di-
rect opposition to this conclusion; I would refer
to the treatment which an artery, tied with a
single ligature, has generally undergone, as detailed
in the preceding pages. And I must candidly confess

‘myself disposed to believe, that the principal, if

not the only difference, in what relates to the pro-
duction of secondary hemorrhage, between an artery
which is tied with two ligatures and divided between
them, and one which is tied with a single ligature,
consists in this, that, in the former, the artery is tied
close to the part at which its connection with the sur-
rounding cellular membrane is complete ; but, in the
latter, a considerable pottion of the artery is detached
from the surrounding cellular membrane, and the
ligature applied perhapsin the centre of this detached
portion ; or if even it be applied at the upper end,
still there remains a considerable portion of de-
tached artery below it: now when we consider, that
the arteries receive their vessels from the surrounding
cellular membrane, it must be evident, that if we de-
prive it of these vessels, it cannot undergo. those
changes which depend on vascularity, viz. inflamma-
tion and adhesion; and, consequently, the ligature
cannot produce those effects on which the success of
the operation depends, but the portion of artery
N
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and secondary hemorrhage has come on. I very
much doubt, if an artery tied with a single ligature,
without a greater detachment of it from the surround-
ing parts, than the ligature necessarily occasioned,
would be more subject to secondary hemorrhage, than
the artery of an amputated limb, or one on which two
ligatures had been applied, and the intermediate por-
tion divided. But as it is extremely difficult to avoid
detaching the artery, and there is no advantage gained
by applying a single ligature, it is, undoubtedly, safest
and best to apply two ligatures, and to divide the ar-
tery between them,

Although I scarcely conceive it necessary to notice
the injudicious practice of including in the ligaturé
any of the parts surrounding an artery, yet, as I have
met with a case, which may, I think, be introduced
here with considerable effect, in illustrating the greater
tendency of that mode of tying arteries to produce
secondary hemorrhage than the other, I shall avail
myself of this opportunity of quoting it. The case
is related by Pouteau in the following words: ¢ Au
‘“ Mois de Septembre 1756, Je liai I'artére crurale
 d’'un chien de moyenne grosseur par une ligature
“¢ qui embrassoit aussi le Nerf du meme nom: lartére
““ ne fut ouverte en aucune fagon, et on abandonna
¢¢ I’animal a lui méme, le quatriéme jour il survint une
‘¢ hemorrhagie qui s’arréta sans aucun secours, elle re.
“ parut le lendemain, et fut si grande que I'animal
*“ mourut. En fendant l'artere suivant sa longueur,
_$¢ e la trouvai owverte, a sa partie anterieure, immedi-
“¢ atement sous les fils de la ligature; il y avoit dans
§¢ sa cavité un caillot d’un rouge pile, d’une consis-
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ration, and with which, therefore, it was directly mn
contact : this ulceration was small at first ; and hence the
first hemorrhage ceased of itself ; but having become
more extensive by the day following, a hemorrhage
came on, which proved-fatal. It would seem, that the
ligature had cut through the internal and middle coats
of the artery sufhciently at the posterior part, to occa-
sion such an adhesive state of their edges, as could
detain a small quantity of the blood, which was passing
thru'ugh it, and hence the formation of the slender
coagulum which Pouteau found in its canal, slightly
adhering to the internal surface where the ligature
had been applied.

It certainly appears strange, that such a man as
Mr. Pouteau appears to have been, from the accuracy
of his observations, and his fidelity in detailing them,
of which this work has afforded many iustances, instead
of directing his attention, in this instance, to the cir-
cumstances which had really caused the hemorrhage,
should have observed, with regard to it, that the clot
was insufficient to stop the hemorrhage, and that this
gave us reason to presume, that it is almost always so :
thus availing himself of this inapplicable experiment,
to combat Petit’s doctrine of the Suppressinn of hemor-
vhage by the formation of a clot.

‘There is yet another cause of secondary hemorrhage,
which, although 1 have hinted at it once or twice
in the preceding parts of this treatise, I have not yet
[ﬂprese:itcd it in the important point of view which it
eught to be, I allude to the sudden separation or laces

X3
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ration of the recently united parts of an artery by pre-
mature and extraordinary exertions of the patient,

That newly cicatrized wounds may easily be torn
asunder, for a certain time after their union, a sufficient
number of proofs might be adduced, if any were re-
quired, from the operation for the hare lip; but in
these, and other instances of disunited wounds in fleshy
parts, the united surfaces had been more or less broad,
and, of course, their adhesion proportionably strong ;
whereas in the case of a recently united artery, the ci-
catrized part is a mere line, and, 'nnnsequently, weak,
and easily torn through : it is, therefore, of the utmost
importance to keep the limb, a large artery of which
has been tied, in a state of the most perfect rest, and
to prohibit and guard, as much as possible, against
the patient’s making any sudden or great exertion. In
the case of amputation which gave rise to Petit’s in-
vention for compressing divided arteries, secondary
hemorrhage was brought on, on the twenty-first day
after the operation, by the patient’s raising himself
suddenly and sitting up in bed. On this subject Petit
makes the following observation : ¢ Mais dans tous les
¢ cas, il est d'une nécessité absolue de procurer un
¢ trés grand repos au malade et a la partie coupée * ;”
in which, however, he seems rather to have had in
view the perfect formation of the clot, for he after-
wards adds: ¢ parce qu’ en changeant de situation,
¢¢ 'on troubleroit la formation du Caillot +.”” But the
remark is not the less valuable and worthy of atten-

# Petit, Memoires d¢ I'Acad, &e. de "année 1732.
+ 1bid. ibid.
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tion ; nor does this allusion to the clot prove that he
was ignorant of the state of the extremity of the
artery ; for in a former memoir, after describing how
he conceived the particular figure of the clot, formed
in an artery that had been tied, would prevent hemor-
rhage, eventhough the extremity of the artery should
ulcerate ; he adds: ¢ Ce n'est pas l]a meme chose,
“ quand quelque Convulsion, ou quelques autres
“ mouvemens violens de la part du malade, sont la
“ cause de la separation de la ligature ; car cette se-
‘¢ paration se fait alors avant la parfaite cléture du
' vaissean, et de plus, le Caillot malgré sa figure est
¢ poussé avec tant de violence, que non senlement, il
‘¢ sort, mais qu’il detruit méme en passant tout ce
¢ qu'il y a de Réunion commencée, et Pouverture du
¢ vaissean, aussi large qu’auparavant laisse darder le
¢ sang comme le premier Jour *.7

& Peiit, Mem. de FAcad, &c. de 'année 1731.
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NOTES,

p——

Note A, Page 33,

Petit mentions experiments made on dogs by Rabel,
Piot, and others, to prove the power of their styptics
in stopping hemorrhages. In many instances, he says,
they succeeded; but he adds: ¢ Plusieurs aussi
¢ moururent d’hemorrhagie, je les disséquai et je
¢ trouvois que I'artere au lieu d’étre totalement coupée
‘¢ n'etoit que simplement ouverte.” Petit, Chirur-

gien, Troisieme Mem. &c. Memoires de I’Acad. &c.
ﬂt_e Pannée 1735, p. 594.

Note B. Page 86.

In the memoirs of the Academy of Sciences for the
year 1732, there is a paper by Monsieur Petit, the
physician, in which he gives an historical view of the
various means that have been employed, at different
times, for the suppression of hemorrhage. In his ac-
count of the practice of Hippocrates, Galen, and Cel-
sus, after mentioning that they used astringents, ab-
sorbents, &c. he adds: ¢ et dans un sang trés coulant
‘¢ et poussé avec force, 2ls ont quelquefors coupé en tra-
““wers les vaisseaux qui ne Petoit pas, et pour lors les
¢ extremités des ces vaisseaux, se retirent de chaque
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satisfactory explanation of a circumstance mentioned
by Mr. J. Bell : in speaking of simple slanting wounds
of arteries made by the sword, he says: ¢¢ they were
“in plain terms cured by adhesion;” ..... but
* when, in place of being a simple wound, the
¢ artery was punctured, the consequences were often
“ fatal.” P, 443, Principles of Surgery.

Note E. Page 115,

Petit, speaking of the treatment of a wounded ar4
tery, observes: ¢ Cette espece de Compression qui
¢¢ n’abolit point la fonction du vaissean me peut guéres
“¢ guoir liew que dans le cas ou louverture de lartere est
¢ mediocre, car lorsque le vaisseau est considerablement
¢¢ ouvert, le caillot ne pouvant alors que tres dif-
¢ ficilement faire canal avec ce qui en reste, o/ faut
“¢ presque toyjours agir de la meme maniere que si le
“¢ waisseau elort totalement coupé, c'est a dire, qu’il faut
¢¢ entierement boucher le canal, et empécher que le
¢ sang y passe ; si I'on vouloit dans ce cas comprimer
¢ foiblement, le sang chasseroit continuellement le
“ caillot, et 'hemorrhagie subsisteroit, Il n'en est
¢¢ pas de meme lorsqu’il n'y a que le quart, et encora
¢¢ mieux le cinquieme ou la sixi¢me partie du vaissean
‘¢ qui soit ouverte; alors le caillot pouvant étre soutenu
¢¢ par un bandage modéré ne sera point chassé, et
¢¢ bouchera I'ouverture pendant que le sang coulera
¢¢ dans le vaisseau presque a I'ordinaire.” Petit, Me-
moires de I'Acad. Ray. des Sciences de ’année 1735.
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Note G. Page 118.

Sacco scilicet quem dicunt aneurismati cuom san-
guis effusus obducitur, qui tamen organicum non pro-
dit textum, et nullatenus a dilatati, ut communiter
credunt, arterid ipsi originem suam trabit ; eam enim
i quocunque aneurismate spurio, mnaturalem suum
retinere diametrum, et vulnusculum ipsum sub tu-
moris formatione eandem quam sub primo inflictu ac-
ciperat, servare extensionem, tam aliorum, inter
quos Cel. Teichmeyer, Alexander, et Don. Monro,
De Haen, Aerel et Richter nominisse sufficiat, quam
mea ipsa in vivis operationi subjectis, atque etiam
alio post operationem extincto experientia edocuit.
Murray, Lauth Collect. p. $02.

Note H. Page 118.

Lancisius, after speaking of the causes which pre-
~vent the reunion of wounds in arteries, says: “ cum
statim ac coire ceperint, sanguinis impulsu divulsa,
removeantur glutine disjuncto adhuc molli et infirmo.
Lancisius, Lauth, Collect. p. 16. prop. 11.

Murray also, after giving a similar account, or ra-
ther quoting Petit’s description of the manner in
which hemorrhage from a wounded artery is stopped,
says: ‘¢ Nonnunquam vero istud coagulum in ipsi
¢ arterie aperturd non heret, sed exiraillam, quando
““major sanguinis copia effusa in cellulositate vas
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&e. adds: ‘¢ Quand la charpie est tombée, et le petit
“ morceau de papier maché on appercoit a I ariére
“ yn endroit blanchdtre ou le battement paroit plus sen-
$¢ sible ; Cest la ' endroit ou éloit la division quw'il ne faut
¢ pas laisser long temps decouvert,” ‘Traité des Ope-
rations, vol. I, p. 248.

On this subject Murray observes: *¢Sed neque
¢ desunt exempla vulnerum Arteriz ejusdem recen-
¢ tium, et nullo Aneurysmate conjunctorum, sold
¢ compressione et apti ceterum deligatione consolida-
¢ torum. Murray, Lauth Collect. p. 540.

¢ In recentissimf arteriee vulneratione, nullo adhue
% formato aneurysmate, diligatio apta ab initio eo
¢¢ lubentius tentanda, cum millena testentur exempla,
¢ arterias lanceold apertas hoc modo facillime fuisse
“¢ consolidatas.,” Ibid. p. 543.

After noticing many interesting facts on this subject,
Trew makes the following observation: ¢ Caterum
““ nemo de perfectione ejusmodi curationis dubitabit
#¢ qui considerat omnium consensu, non solumn possi-
¢¢ bile declaratum verum etiam experientid satis compro-
¢ batum esse, arterie wvulnus sold compressione sanars
¢ posse, quamdiu sanguis extravasatus fluxilis adhue
¢¢ est et in alvum suum reduci potest.” Trew. Lauth
Collect. p. 580. The latter part of this quotation is
true, though, perhaps, not exactly in the sense which
he means ; for, with regard to the healing being pos-
sible, ‘¢ quamdiu sanguis &ec.”, he must be under-
stood merely that it is possible, if the proper means
are used, in the recent state of the wound ; and not
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“ eut I’ avantage de reussiv. L’ artere et la plaie exte-
¢ yieure se fermerent; le malade etoit en voie de
“ guérison, et il seroit gueri, selon toute apparence,
#¢ ¢l avoit continué les remédes, mais au bout de
¢ douze jours, il quitta son bandage. Deux ou trois
¢¢ jours aprés I’ avoir quitté, il s’ appercut d’une petite
€¢ grosseur molle et accompagnée de pulsation, mais
‘¢ qui rentroit en la pressant. Avant fait un effort huit
““ ou dix jours aprés, il sentit de la douleur & son
~““ bras; sur le champs la petite tumeur devint beau-
“¢ coup plus grosse.” 'The Bandages, &c. were again
applied, but the tumor continued to increase. Petit
‘operated on the man, and says: ¢ Lorsque la peau
¢ fut suffisamment ouverte je trouvois beaucoup de
‘* sang trés noir’” and a succession of coagula, which
were gradually less and less black, the nearer he ap-
proached to the artery, but he adds, they were ¢ si
¢ ferme et si solide que ceux qui n’ont point fait, ou
¢ vu faire I’ opération de cette espéce d’aneurisme,
¢“ auront pu prendre cet amas de caillots pour de la
¢ chair, s'ils ne s’en fussent rapportés qu’a sa couleur
‘¢ et a sa consistence. Je passai mon doigt autour de
cette masse de caillots, je la détachai entierement
“ ¢t avee facilité, excepté a I endroit placé sur I owver-
¢ ture de U artére, ala quelle, elle etoit fort adherente ;
¢ ce futalors que le corps de I'artere parut & decou-.
#¢ yert de la longueur d’un pouce, Dansle milien de
¢ cette etendue etoit I"ouverture ou I’ incision qu’avoit
“¢fait la lancette ; cette incision qui étoit oblique
¢ avoit au moins la longueur de trois lignes.” . . . |
He found that the coagula differed in their degree
of solidity. ¢ Le plus dur couvroit immediatement
¢ I'ouverture de 'artere, le sang continuelleynent poussé
0
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€ huits caillots qui composoient la tumeur. Petit,
¢¢ Mem. de I’Acad. Roy. des Sciences de 'année 1736,
¢ gyo edit. p. 350, &c.”

Note L. Page 1109.

It is unnecessary for me to point out the difficulty
which must attend an attempt to compress a wounded
artery, so as to keep its lips in contact, and at the
same time neither obliterate its canal, obstruct the cir-
culation through the limb, nor affect the return of
blood by the veins, so as to produce tumefaction, and
the well known train of evils thence ensuing. It is
sufficiently obvious, that the difficulty will not only be
very great in every case, but that in some parts of
very muscular or fat people, it will be absolutely
impossible.

I request the reader will refer to the commence-
ment of the passage, quoted from Petit in note E.
Murray also informs us, that if too much pressure is
made, the artery will be obliterated, and if ‘¢ qualis
¢ ad scopum obtinendum requiritur,” the patient is in
constant danger of fatal hemorrhage, The same au-
thor in speaking of what he calls the aneurysma conse-
cutivum says, that if the bandages which had been ap-
plied to suppress the hemorrhage from a wounded ar-
tery are removed ¢ antequam ipse vasculi membranz
¢ coalescerunt 3 vel mgor nimis cito articulum movere
““ incipit, guttule sanguinis paulatim per aperturam
“minorem vasis elabuntur.”  Murray Lauth Collect.
p. 502.

o2
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¢ la cicatrice, et le caillot comprimé devient vers la
¢¢ cicatrice un pen plus pointa qu’il n’étoit ; enfin la
“¢ capacité de l'artere s’ oblitére tout a fait dans une
¢¢ étendue plus ou moins grande ; et degénére en une
‘¢ espece de ligament ; et comme le caillot a tounjours
¢¢ ¢té serré de plus en plus de la pointe du cone vers la
¢ base, il s’amincit peu-d-peu et s’anéantit par les
““ suites.” Morand, Mem de J'Acad. Roy. des
Sciences, &c. de I’année 1736."”

Note N. ' Page 159.

Filo interrupi arteriam aliquam in megenterio,
continuo sanguis quievit in arteria : et globuli nume-
rosi in thedio trunculo absque wllo éjus tumore ad locum
winculi usque congesti adparuerunt. Trunci ligati par-
tem cordi propriorem detexi, widi in ligatum ramum
sanguinem nullum subtre, neque contra guiescentem san-
guinem nitt, omnemque in alowm ramume declinare.—
Sensin vero de arterid ligatd sanguis collectus tta refugit
wt nullus supra vinculum sanguis maneret, sub lino vero
copiosior et stagnans superesse. Halleri Op. Min.
vol. I. exp. 54. This experiment was repeated thrice,
and Haller observes: ¢ Experimentum tamen 54
‘¢ ostendit obstructas arterias minime ed ratione qua
‘¢ plerique theoriz medicie auctores scripserant intu-
‘¢ mescere et distendi ; et sanguinem potius qui com-
¢ muni cordis vi emittitur, relictis et desertis vasis qua
““ immeabilia resistunt, in ea vasa transire, que li-
¢¢ bera, undam a corde advenientem admittunt,”
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li¢, dit Schwenke, une artere, il passoit plus de sang
par les vaisseaux les plus proches ; ceur quz auparavant
se derobotent aux yeux devient sensibles; une artere étant
lié, dit le meme auteur, un rameau lateral, et fort
petit devient quelquefois egal a I’artére qu’on a lie.
Senaec, Traité du Ceeur.

As it is to be wished, that when an experiment has
been once performed, and found not to lead to any
useful conclusion, it should never be repeated, I
hope I shall be excused for introducing here the fol-
lowing quotation, which Senac has given from Van
Swietén ¢ Ayant ouvert dit il (Van Swieten) le ventre
““ d’un chien, je liai le tronc de I'aorte descendante ;
“¢ le sang des parties inferieures poussé par les eiiorts
¢¢ de I’animal remontoient vers le ceeur avee plus de
“¢ force, mais I'aorte étant liée il ne pouvoit pas réve-
““ nir une seule goutte dans ces parties; 1" animal
‘¢ étoit extremement agité, les paipitations du cceur
¢“ ¢toient violentes, les yeux couvertes de sang se jet- ,
‘¢ toient pour ainsi dire hors de la téte ; la langue gon-
“ fiée de meme par le sang, sortoit de la guenle, qui
¢ etoit rempli d’écume; la mort suivit bientHt ces
¢ violens mouvemens.” Senac, Traité du Ceeur,

Note Q. Page 163.

It 1s with singular pleasure that I quote the follow-
ing very interesting case from Petit, because it points
out, that the changes, produced in an artery in con-
sequence of an obstraction of the cireulation through
it, are precisely the same in man as in brates ; but in

o4
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d'une moment d I’ autre il ne se souvenoit pas de ce
qu'il venoit de dire ou faire.”

On examination after death, Petit found : ¢ Le
coté droit du cerveau etoit couvert d’'une serocité
sanguinolente, sous cet epanchement le cerveau
etoit sain, il n'y avoit aucun epanchement i I’ exté-
riear du coté opposé, mais en ouvrant le ventricule
superieur, il en sortit environ cing ou six onces de
sang dissous, et il resta un caillot de sang coagulé,
de la grosseur d'un petit euf de poule, &c. cette
concretion de sang cachoit une ample et profonde
crevasse qui s'étoit faite dans la substance méme du
cerveau a I'endroit designé. Du coté gauche, c’est
a dire, du méme cOté ou tout ce disordre s’étoit
opéré, I'artére carotide, et les branches qui en pren-
nent naissance, nous ont parw avorr un tiers plus de
calibre que dans [ etat naturel . . . . .1 artere carotide
droit étoit completement oblitérée depuis sa separation de
I’ artere souclaviére droite jusqil’ a sa division en deux
branches principales, ce qui repond & peu prés i
I’angle de la machoire inferieure ; en se bouchant
tout-a-fait, cette artere qui est ordinairement grosse
comme le bout du petit doigt, § étoit convertie en un
cordon grele, dans I'intérieur du quel on ne distin-
guoit ancune trace de conduit, ef ce cordon pouvoit
avorr dewx lignes de diametre. Il y avoit dans le bas
de cette artere, precisement i [’ endroit ou elle nait
de la souclaviere droite, un petit sac aneurismal,
gros comme un noix muscade ordinaire, sa tunique
étoit fort mince, et I interieur de sa cavité etoit
rempli par une matiere en partie graisseuse, en
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tied, could form anidea of the regeneration of the
obliterated portion. Monsieur Maunoir, however,
seems very sanguine on this subject, and relates the
following examination of an experiment, which he
made on the right carotid of a fox, by tying two liga-
tures on it, and cutting between them, ¢ Cette artere
‘¢ qui avoit été lice plus haut que la gauche, se termi-
“ noit a huit centimetres au dessus de la naissance de
““ la vertebrale par une extrémité arrondie, pleine
¢ d’injection, et dont le diametre etoit semblable a
“ celui du reste de 1" artere ; de cefle extrémité mousse
““ partoit un trés petit vaisscaw d’un millemetre de dia-
““ metre, ou environ, qui se dérigeoit vers le bout su-
¢ perieur de I'artére coupée et s’y anastomosoit,”
The author does not say, that the small vessel, ex-
tending from one extremity of the artery to the other,
was filled with injection; but adds: ¢ Ce petit ra-
‘ meau qui établit une communication entre les deux
‘¢ bouts de I’ artere coupée, ne presenteil pas une faite
¢ trés extraordinaire, et d’aprés le quel, on pourrait
“ croire a la regeneration des arteres? Nous voyons
¢ que cette regeneration est trés lente dans les nerfs ;
‘¢ peut-étre est elle encove plus lenie dans le vaisseauy san-
‘¢ guins ; peut-étre n'est il pas aucune organe qui ne
“* soit plus ou moins susceptible de reproduction.”
Maunoir, Memoires sur I' Aneurisme.

- Mr., Maunoir observes, that the reproduction of
arteries may be slower than that of nerves. But in
the course of a short time after the artery has been
tied, the circulation through the limb is completely
re-established by the anastomosing vessels, so that the
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dans les chairs, cette retraction qui a toujours lien,
rend presque nulle I’ action de la ligature sur lartcre.
Ibid. p. 76, 1.

Que Iartere affectée d’ aneurisme ressemble i la
corde de violon; que la ligature appliquée sur cette
artere entieére est la cause affoiblissante, ou pour mieux
dire, la cause irritante, qui augmentant sa tendance a
se retracter en cet endroit determinera sa rupture. It
vice versa, il etoit facile de voir que I’ artere fe-
morale li¢e dans I’ amputation ne se rompoit pas,
parce que la ligature ne pouvoit étre une cause de
rupture pour une artére libre de se retirer dans
les chairs. Maunoir, Memoires sur I' Aneurisme,
&c. p. 83.

An artery that has been tied cannot, with propriety,
be compared to a ‘¢ corde de violon,” and it would
be as difhicult for the author to shew how a ligature
can augment the tendency of an artery to retract,
If it cut through ‘the artery before it was confined by
lymph, it might allow its tendency to retract to have
effect ; but it is difficult to conceive how it could in-
crease that tendency. Noris it easier to understand
how the retraction of the artery should render ¢ nulle
¢ I’ action de la ligature sur " artere,” although it is
readily granted, that the retraction of the artery may
greatly contribute to prevent secondary hemorrhage.
The advantages of this retractile power in the arteries,
were long ago noticed and even overrated by Senac.
#¢ C'est de ce raccourcissement, que depend les effets
#¢ des astringents, lorsqu'ils ferment les ouvertures des
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"EXPLANATION OF THE PLATES.

PLATE I.

Fig. 1. Represents the portion (next the head) of the
carotid artery of a horse after a division of that artery.
Three important circumstances are shewn—the con-
traction of its truncated extremity, its retraction
within its sheath, and its sheath and the continuous
cellular membrane very extensively injected with
blood ; but the hemorrhage was so rapid, that before
a coagulum could be formed in the canal of the sheath,
it proved fatal. See Chap. I. Sect. II. Exp. L.

b, The carotid artery cut open, shewing a contrac-
tion at the part where the division had been made, and
a little way above it.

c. A portion of the sheath of the artery imjected
with blood, and within which the artery has retracted.
The cellular membrane connected with the sheath is
completely filled with blood.

d. The aperture of the sheath through which the
blood escaped from the artery.

e. e. The Parvagum.,






200

retraction of” the artery, which canal has been cut
open to shew this clot: for the sake of distinction, I
shall hereafter call it the external coagulum. 'The
external coagulum is of a conical figure, its base lying
at the mouth of the portion of the artery b, but it is
not of suflicient size to close the artery. It communi-

cates with the blood effused between the artery and its
sheath.

Fig. 3. Represents the superior portion of the fe-
moral artery of a dog six hours after it had been di-

vided. The external coagulum is completely formed.
See Chap, I. Sect. 1I. Exp. X.

a. The portion of the femoral artery where it passes
out of the abdomen under Poupart’s ligament. The
extremity of it is cut open to discover the exact point
at which the artery terminates, and the external coa-
gulum commences. -

b. The external coagulum adhering to the end of
the artery, and extending beyond it, supported by the
sheath, It has for a certain space a slighiy conical
form, but just beyond its smallest part it swells out
again to a considerable size, and turps forward at e,
which marks the part where it was separated from the
clot that lay in_the wound, and covered both it and
the extremity of the artery.

cc. The sheath separated from its artery by effused
blood, but below it embraces the external coagulum,
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PLATE 1I.

Fig 1. Represents a portion of the carotid artery
of a horse six hours after it had been divided. The
artery, its sheath, and the external coagulum are cut
open. This particular section prevents the sheath
from being seen, as it has not been separated, and,
therefore, is not to be distinguished from the rest of the
cellular membrane, every part of which around the
artery is equally distended with blood ; but the ex-
tent of the external coagulum, formed in the canal of
the sheath, is here marked, and still more strongly in
the preparation, by a difference of colour: this dif-
ference is most striking where the coagulum is applied
to the divided extremity of the artery, to which it
firmly adheres. This upper portion of the external
coagulum appears to be coagulated lymph. Above,
the base of the internal coagulum adheres to it. See
Chap. I. Sect. II; Exp. XL

aaaa. The cellular membrane, smrrounding  the
artery, very much distended with coagulated blood.

b bbb, The outer lamina of the cellular membrang
which surrounds the artery. it

: i »
¢. A portion of the carctid artery cut open,

d d. The external coagulum of blood.
P2
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b b. The sheath of the artery.

¢. The sheath sepamtcd fr om the extremity of the
artery and the external coagulum.

d. The sheath united to the external coagulum, and
concealing the end of the artery.

e. The upper line points to the extremity of the
artery, to the external coagulum in union with it, and
just entering its cavity. The lower line marks where
the external coagulum is lost in the surrounding mass
of coagulated blood.

f. A portion of the carotid artery cut open, except
at its Jower extremity. It is very probable, that it
contained a coagulum of blood, which extended to the
first collateral branch ; for a cylindrical and perfectly
smooth coagulum, filling up the canal of the artery,
but not adhering to its internal coat was found within
the artery, separated to the distance of two inches
above the external coagulum. It exactly corresponded
in length to the space between the external coagulum,

and the first collateral branch, and it seemed to have
~ slipped from that, its original situation.

g. The first collateral branch.

*r3
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e. The portion of the layer of lymph, which ex-

tended over the sheath and extremity of the artery,
turned back to shew those parts more distinctly.

f. The lines drawn from f. embrace the external
eoagulum, which is lodged in the sheath, and confined
on each side by it. A small portion of the upper part
of the coagulum has been removed to shew the cut ex-
tremity of the artery. ' .

fl. The cut extremity of the artery. The space be-
tween the line ff. and the lowest line of f. is the distance
to which it has retracted within its sheath.

. A portion of injection seen within the carotid
artery, which has been cut open at its extremity. A
small portion of the injection, which extended down ta
the extremity of the artery, has been picked away,
that the termination of the artery may be distinctly seen.

The inferior part of fig. 1. represents the state of an
artery seventy-two hours after the application of a
ligature. See Chap. 1V. Sect I. Exp. 1V.

h. The extremity of the carotid artery upon whickh
a ligature has been applied.

i. A coagulum of blood filling up the canal of the
artery, for the space of a quarter of an inch below the
ligature, and then tapering for some distance. The
convoluted appearance of the tapering extremity of
this coagulum is owing to its having been compressed
by injection thrown into the artery.

P 4
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' 'PEATE 1V,

Fig. 1. Gives an external view of the state of the
parts over the wounded carotid artery of a horse. See
Chap. II. Sect. [. Exp. I.

aa. The sheath of the artery filled w1th blood above
and below the wounded part. .

b. A circular portion of the sheath of the artery,
enclosing the wounded part, and more prominent in
consequence of being more distended with blood. In

the preparation the sheath can be seen, lying over the
coagulated blood.

¢ c. Coagulated Iymph, not from inflamed vessels,
but separated from the blood which had been effused.

d. A collateral branch going off a little above the
part at which the artery had been wounded.

Fig. 2. Is an internal view of the same wounded
artery. : -

aa. The carotid artery cut open,
bbbb. The sheath of the artery filled with blood,

and completely circumseribing it, which was probably
ewing to the wound in the artery baving been longitu-
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.ﬁ-\.
e. A thick stratum of ‘coagulated lymph by the
side of the artery, opposite to the wound.* A similar

effusion of lymph may be seen on the other side of the
-II:"EEI.‘}"-

d. The wound in the artery completely filled up
with Iymph, but not so as to interfere in the least with
the passage'of the blood through the artery.

e. The mouth of a collateral branch. -
Fig. 3. represents a portion of the carotid artery
of a dog, nine days after it had been wounded longi-
tudinally, The artery is cut open at its posterior
part, and a portion of the injection, which had been
thrown intd it, picked away ta give a clear view of
the wounded part. See the same Chapter, Exp. VI.

a. The portion of the artery cut open, and cleared
from the injection at its wounded part.

b b. The portions of the injection left.

c. A collateral branch, opposite to the wound in the
artery.

d. The wound in the artery perfectly reunited,
without obstructing the passage of the blood,

e. A very thin lamina of coagulated h'mph ;J.dhﬂring

to the internal surface of, the artery, opposite to the
wound,
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PLATE - VL.

Is a representation of the surface of the external
wound, in the case of the wounded humeral artery
delineated in plate VII. This surface is formed by a
thick layer of coagulated lymph, of a granulated ap-
pearance, and which completely covers the artery,
‘and excludes it from the external wound. A similar
surface is formed in everv instance of a wounded
artery, or of an artery winch has been tied and the
ligatures immediately removed. It is even formed
when a ligature is allowed to remain on an artery, but
afterwards a slight ulceration takes place through it,
opposite to the ligature. See Chap, II. Sect. L
Exp. IV, :
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PLATE VIIL

Fig. 1. Represents the surface of a wound over the
carotid artery of a dog, eight days after the artery
had been punctured. See Chap. II. Sect. I. Exp. V.

aaaa. Alayer of coagulated lymph, covering the
artery, and excluding it from the external wound.

b. That part of the layer of lymph which lics im-
mediately over the wound in the artery. It is dark
only at the surface, in consequence of some inter-
mixture of blood. '

Fig. 2. Gives a posterior view of the same artery.

aa. The artery near the w nded part very much
strengthened by a considerable effusion of lymph.
Injection was thrown into this artery, and passed
readily and uniformlw throngh every part of it, with-
out escaping at the part which had been wounded.

bbbb. A tumor over the wounded part of the
arterv, formed entirely by coagulating lymph, effused
in the cellular membrane. It firmly adheres to the
artery. :

5
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PLATE X.

Fig. 1. Presents a view of the external wound over
the femoral artery of a dog, twenty-five days after
half the circumfererice of that artery had been cut
through. See Chap. II. Sect. L Exp. XIL

a. The surface of the bottom of the wound covered
with lymph.

"

b. The surface formed by cutting away the integu-
ments which hung over the wound, so as to prevent it
from being ‘distinctly seen. Previous to the removal
of the integuments, the cavity of the wound was con-
siderable. ;

c. A portion of lymph, projecting from the sur-
face of the wound, opposite to the aperture which led
to the artery.’ !

dd. A border of lymph, enclosing and hanging
over the aperture from which the hemorrhages pro-
ceeded. |

e. The aperture partially represented. In the pre-
paration it cannot be seen unless the border which sur-

rounds it is raised up. It will admit a small probe to
pass through it.

Fig. 2. Is a representation of the artery which
belongs to fig. 1. cut open at its posterior part,
Q2
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aa. The superior and inferior portions of the artery
cut open posteriorly.

b. The extremity of the inferior portion, com-
pletely closed, and of a conical form.

" c¢. Asubstance, connecting the two extremities of
the artery, formed, no doubt, by an effusion of lymph
into the cells of the sheath which was continued be-
tween them.

d. The extremity of the superior portion of the
artery.

e. A coagulum of lymph, adhering to the sides,
and posterior part of the artery where it was cut open,
but not united to the anterior part of the artery.

f. The aperture through which the artery bled. It
is situated over the coagulum e, between it and the
anterior part of the artery.

g. A considerable longitudinal plica, extending 2
little beyond the first lateral branch. This was the
only instance, in the whole course of my experiments,
in which I had an opportunity of observing such a lon-
gitudinal fold in an artery after it bad been injured.
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PLATE XL

Tllustrates the operation of the ligature by the re-
presentation of an experiment performed on the carotid
artery of a horse; shewing that the obliteration of
the canal of the artery is produced by lymph, ef-
fused from its middle and internal coats where they
have been divided by the hgature.

In this case four ligatures were applied close to
each other on the artery, so as to cut through its
middle and internal coats, after which they were im-
mediately removed. See Chap. IIl. Exp. II.

aa. A portion of the carotid artery cut open
through its whole length.

bh. A considerable effusion of lymph on each side
of the artery, opposite to the part on which the liga-
tures had been applied.

cc. That part of the artery over which four liga-
tures had been applied, is included between the lines
drawn to ¢ c.

d. Coagulated lymph, adbering to the internal
surface of the artery, so as to form but one sub-
stance with it, completely filling up its canal, and
even projecting a little beyond the points of adhe-

a3d
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PLATE XIIL

Represents the effect of an experiment on the carotid
artery of a horse, performed, in all its circumstances,
like the last, with the exception, that one ligature, in-
stead of four, was applied. The effect is shewn to be
similar, but the obliteration is not so complete. See
Chap. I1I. Exp. IIL. .

a a. The cellular membrane around that part of the
artery on which the ligature had been applied, filled
with lymph.

bb. A portion of the carotid artery cut open. It
contained a very small and slender coagulum of blood,
only in that part of the artery above the septum.

c. A thin septum of lymph, standing across the
canal of the artery, which considerably, although not
completely, obstructed the cireulation through it.

d. The aperture in the septum through which the
circulation was carried on ; but it is here represented
larger than it is in the preparation. The parietes of
the artery, opposite to the septum, appear indented,
as if they had been affected with stricture.

Q 4
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PLATE XIV.

Fig. 1. Is a side view of the carotid artery of a dog,
twelve days after a single ligature had been applied on
it. See Chap. IV. Sect. I. Exp. VIIL

aa. The carotid artery cut open.
b. A gland situated by the side of the carotid.

cc. The surface of the wound, formed by a layer
of coagulated lymph, perforated by the ligature.

d d. The portion of the artery obliterated by the ap-
plication of the ligature. A few fibres, which had not
ulcerated through, detained the ligature, which is seen
in the bottom of the wound near the obliterated por-
tion of the artery.

ef. Two coagula of blood, next the obliterated
part of the artery. The coagulum in the upper por-
tion is much shorter than that in the lower, in conse-
quence of the situation of the collateral branch g ; but
neither of them adhere to the internal surface of the
artery. It may here be distinctly seen, that, in conse-
quence of the contraction of the artery going on next
the obliterated part, the conical form of the cosgulum
becomes reversed ; for, at first, that purt of the coagu-
lam which lies nearest to the obliterated portion of
the artery, is the base of the cone, but it becomes so
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PLATE XV.

Is an anterior view of the carotid arteries, and some
other parts of the neck of a dog ; and is intended to
represent the very extensive obliteration which the left
carotid had undergnﬁe, forty-nine days after two liga-
tures had been applied, and the intermediate portion
of the artery divided. See Ch. IV, Sect. I. Exp. XIIL.

a. The cesophagus.

b. The lower part of the larynx, and beginning of
the trachea ; the rest having been removed to shew the
parts beneath.

cc. Two glands, one on each side of the ceso-
phagus.

d. The left carotid very much diminished in
size.

e. That portion of the carotid, which appeared
like a small dark cord, cut open. Its internal surface
1s very black, appearing to have a lamina of blood
attached to it; but no distinet coagulum could be
found in it: it would seem, that the coagulum had
been absorbed, whilst the artery was suffering oblitera-
tion very rapidly.
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