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ADVERTISEMENT.

|

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 dis-
eased, 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 ob-
servations made on the human body; and secondly,
by direct experiments on brutes. War, accidents,

and disease, have never been wanting, and yet the re-
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cords of our profession afford us but few and detached
observations on the suppression of hemorrhage, if we
contrast the knowledge we possess with the importance
of the subject. Rash conjecture, and idle hypothesis,
resting on partial observation, have usurped the place of
that truth, which could only be discovered bya series of
observations through every stage of a process, which,
one would think, claimed the strictest investigation
from the moment that surgery became an object of
individual pursuit. The author of this treatise has en-
deavoured to supply that deficiency by a series of ex-
periments on brutes. He has not laboured to prove
from the structure, the functions, and the morbid
changes, of their arteries, that his experiments afford
an unerriné‘ guide, as to corresponding changes in the
arteries of the human subject; but he has diligently
sought after such experiments of eminent physiolo-
gists or surgeons as would add weight to his own,
and especially after such observations, made on the
human subject, as corresponded with the results of his
experiments. This is the balance by which he would
have his labours tried, and, if found wanting, rejected.

Some of the most interesting of these observations he
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has interwoven with the body of the work, and others

he has thrown into notes at the end of it.

This treatise, though small, is the fruit of much
labour and expense: it is the author’s earnest wish,
and has been his endeavour, to render it useful. The
experiments on the several subjects of it require to be
extended to ascertain certain events connected with
them, which are not yet fully explained: this it was
his intention to have done, but before he could accom-
plish it, he was called away to the West Indies, and
he felt himself under the necessity of laying the work
before the public in its present form, or of deferring
its publication to an uncertain period. He preferred the
former from a consideration of the importance of the
subjects, of the lively interest they derive from their
connexion with the circumstances of the times, and
from the belief that he had contributed to advance the
knowledge of them. He particularly regrets that he
was obliged to hurry over that part of his work which
demanded the most laborious investigation, and to
limit it merely to the abuse of the ligature. It was his
intention to have much extended his inquiries with re-

b
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gard to secondary hemorrhage; but it is in vain to say
what he meant to have done! perhaps future opportu-
nity may enable him to supply what he deems to be
deficient: at any rate, he solicits the attention of sur-
geons of hospitals, of the army, and navy, to all the
minute circumstances of these subjects, than which
none more important can ever claim their consider-

ation.

He has only a few words more to say, addressed
to men out of the pale of his profession, into whose
hands this little book may fall, whose opinions he
esteems, and whose feelings he honours. He regrets
the necessity of obtaining even this important know-
ledge by the sacrifice of brutes. But when we remem-
ber the incessant scourge of war which has followed
man through all the ages of his history—not to men-
tion 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 observations on the injured arteries of man; and
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even these cannot be made until he has fallen a sacri-

fice to the want of assistance, or to the imperfect

knowledge of the surgeon.






CONTENTS.

PREPARATOR_Y considerations relating to the struc-
ture of avterie s sivaiAiundits s vl Bk L Gedhet .

CHAPTER I.

On the process which Nature employs for suppressing
the hemorrhage from divided arteries. . . . ... ..

SECTION I.

The theories of Petit, Morand, Sharp, Pouteau, Gooch,
Kirkland, White, and J. Bell, considered. . . . : . .

SECTION II.

A series of experiments on the arteries of horses and
dogs to ascertain the process, and the order of the
events which constitutedtieseiwrehn .0 piui i

SECTION III.

The process deduced from the experiments related in
Section II. and its parts supported by the observa-
tions of Pouteau, Kirkland, La Fosse, Faget, Petit,
Morand, Gooch, Haller, Baerhaave, and Carengeot.

Page.

6—85

629

3052

5385



L xix )

CHAPTER II.

On the means which Nature employs for suppressing
the hemorrhage from punctured or partially divided
arteries; and on the process of reparation which takes
plice 1n thosearteties: © WRAR LIS - 08 500 :

SECTION I.
Experiments on horses and dogs to ascertain the
DIOGEBs. o el LR e -

SECTION II.

The process.described, supported by the experiments
related in Section I.and by the observations of Petit,
dlalleridnd otheps. o g S yn 8im sic i

CHAPTER III.

The operation of the ligature ascertained by experi-
ments on horses and dogs. It divides the middle and
internal coats of an artery, which injury gives rise to
the adhesive inflammation. . . . .

CHAPTER 1V.

On the process of adhesion, and the final changes of
an artery, in consequence of the application of the
DU et S B s B et it s Dt

SECTION 1.
A series of experiments made with theligature on the

~ entire or truncated arteries of dogasie. ol SRS

SECTION II.

The events resulting from the application of the liga-
tare described. ' LR EIRL SN R

86124

86111

112—124

. . 125136

137—165

159—165



[ xv ]

= CHAPTER V.
On the improper form and application of the ligature,
as tending to produce secondary hemorrhage. . . . 166~183
NOTES.
Ilustrating the subjects of Chap. II. IV. or supporting .

them by the observations of Petit, Monro, Wiseman,
J. Bell, Trew, Murray, Lancisius, Garengeot, Mo-
rand, Haller, Senac. The three last notes refer to
certan opinious, of Nauneir, & o G e 185206

Explanation of tha Plates. o Joa. . 0 b Saib s squecnnl






PREPARATORY CONSIDERATIONS.

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

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 gives to an artery a smooth
and polished lining; it is elastic, and firm, consider-
ing its delicate structure, in the longitudinal direction,
but so weak in the curcular as to be very casily torn by
the shghtest force applied in that direction. The mor-

C
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bid changes, whjch have been observed in it, prove
that this coat is vascular;* and some experiments
have been related to show the probability of its being
sensible.t

The middle coat, which is the thickest, is formed
by numerous layers of firm, compact, fleshy fibres, of
a pale red colour, passing in a circular direction,
but appearing rather obliquely connected and inter-
laced with each other, than forming complete circles.
These fibres are of a peculiar nature, are well sup-
plied with nerves, and resemble, in form and disposi-
tion, muscular fibres, but differ from them in possess-
ing a remarkable degree of elasticity. Their elasticity
keeps an empty and dead artery open and circular;
for this coat, when detached from the internal and
cxternal coats, still preserves the cylindrical form,
whilst they, on the contrary, in a state of separation,
become flaccid and collapse. As this coat has no lon-
gitudinal fibres, the circular fibres are held together by
a slender connexion, which yields readily to any force
applied in the circumference of the artery. The middle
coat is intimately connected with the internal and ex-
ternal by very short and fine cellular membrane.

The external coat, anatomically considered, is so
simple, that many authors have thought it sufficient

* «1 have more than once observed the cavity of a large artery
¢ almost blocked up by a steatomatous thickening of this coat, and
“frequently I have observed purulent matter collected in it.”
Remarks on the Coats of Arteries, &c. by Alex. Monro. Edin.
Med. Essays and Observations, Vol. IF.

+ Bichat, Anatomie Generale.
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to say, that it is formed of condensed cellular mem-
brane, which becoming gradually of a looser texture
eonnects 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 close 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 eclasticity. 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 shown 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. o)

The three coats which I have justdescribed are the
only proper coats of an artery; but the different
arteries, while in their natural situation, are surround-
ed with fine cellular membrane that connects them
with additional coverings, called sheaths, which are
formed within the cavities of the body by the investing
membrane peculiar to each, and in other parts by
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fascia, or cellular membrane. The fine cellular mem-
hrane, the bond of connexion between arteries and
their sheaths, varies in length in different parts, and
gives an artery a flocculent appearance. [If an artery
be divided, the divided parts, owing to their elasticity,
recede from each other, and the length of the cellular
Sfibres connecting the artery with the sheath, . admits of
its retraeting @ certain way within the sheath: an im-
portant fact, the application of which will be made in
a future part of this treatise, that describes the na-
tural process by which hemorrhage is stopped.

In performing the experiments, which will be sub-
sequently related, it was not my intention to investi-
gate the long agitated question respecting the action
of arteries, whether it should be ascribed to their elas-
ticity alone, or their elasticity and muscularity con-
jointly. I have had, however, frequent opportunities,
in the course of my experiments, of observing appear-
ances, which incline me strongly to the latter opinion,
slightly modified. These appearances made so con-
spicuous a part of the process, to which my attention
was more immediately directed, that I was induced to
discuss the subject at some length in my Thesis. Here
we are only concerned. to notice one important fact
relating to the action of arteries, namely: that when
an artery is dwided, its truncated extremities contract
in a greater or less degree, and the contraction is gene-
rally o not always permanent. But I have only once
seen a distinct contraction, produced by a mechanical
stimulus, while the artery remained entire. It hap-
pened in an artery on which the effect of galvanism
was tried; but it was uncertain, even in this instance,
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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. 7%is
structure makes them susceptible of every change to
which living parts are subjected in common; enables
them to inflame when injured, and to pour out coagu-
lating lymph, by which the injury is repaired, or the
tube is permanently closed.



CHAPTER L

ON THE PROCESS WHICH NATURE EMPLOYS FOR SUPPRESS-
ING THE HEMORRHAGE FROM DIVIDED ARTERIES.

SECTION I.

HEMORRHAGE, the inevitable attendant on ope-
rative surgery, impresses mankind with a sentiment
of horror, and may, on this and many other accounts,
be considered as one of the most formidable opponents
to its improvement. It obscures, retards, and embar-
rasses the progress of every operation; and the just
dread of its fatal consequences is the chief cause of
difiidence in the operator. But not only as a conse-
quence of surgery is hemorrhage to be feared; it is
also one of the most alarming and dangerous accidents,
which surgery is called upon to relieve. ¢ Un senti-
‘“ ment naturel attache a I’idée de perdre son sang, un
“ terreur machinale, dont I’enfant qui commence a
““ parler et ’homme le plus decidé, sont egalement sus-
“‘ ceptibles. On ne peut point dire que cette peur soit
“ chimérique. Sil’on comptoit ceux qui perdent la vie
*“ dans une bataille, on verroit que les trois quarts ont
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“peri par quelque hemorrhagie; et dans les grandes
“ operations de chirurgie, cet accident est presque tou-
“ jours le plus formidable.”*

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
inquire, 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 ancients, 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 PAcad. Roy. de Chirurgie, Vol. V. 8vo
edition.
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to make the first attempt, in the year 1731, to give
an account of the means which Nature employs for
the suppression of hemorrhage.

A subject which had attracted the notice of Mr.
Petit, was not likely to remain much longer in obscu-
rity; his example soon procured the attention of
others, and from that period we find many of the
most eminent surgeons engaged in elucidating it.

Fortunately Mr. Petit’s assiduity was not diminished
by his first memoir. Not content with having brought
the subject into notice, and laid the foundation for its
future development; he appears to have lost no op-
portunity of confirming and extending his former ob-
servations; and in the course of a very few years he en-
riched it with two other memoirs, which, together
with the first, will ever be considered, by candid
readers, as invaluable contributions to surgery, and
indubitable proofs of his penetration, accuracy, and
fidelity. To these memoirs I shall often have occasion
to refer, in the course of the following treatise.

I'shall now proceed to give a view of the various
theories, which I have been able to meet with on the
subject.

But, previous to stating Petit’s theory, it is neces-
sary that he should be exculpated from the censure
which a late author* has unjustly and indiscriminately -
passed on him for experiments and doctrines which

* Mr. I. Bell. Principles of Surgery, p. 170.
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were made and maintained by Mr. Petit the physician.
It is unnecessary to inquire 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 /e 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
issue 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 surrounding
parts. To this he added, that when hemorrhage is
stopped by the application of a ligature, a clot is
formed above the ligature; 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.”

D
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is very incomplete; and that Mr. Petit erred in his
manner 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
observations through its various stages; and, as Mr.
Petit does not relate any experiments, it is reasonable
to infer, that his doctrine could only have been dedu-
ced from the irregular and partial observations which
he was enabled to make on the human body in the
course of his practice.

In the year 1736 Mr. Morand published 2 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 constitutes 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.,

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

Itis obvious, from the termis 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
figure 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 at the 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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thus: ¢ The bloodvessels, immediately upon  their di-
« vision, bleed freely, and continue bleeding till they
¢ are cither stopped by art, or at length contracting
¢« and withdrawing themselves into the wound, their
“ extremities are shut up by the coagulated blood.”—
This doctrine Mr. Sharp gives incidentally; leaving it
unsupported by experiment or observation; so that it
does not appear whether it is his own, or berrowed
from another. It is not comprehensive enough; but,
as far as it goes, it accords with the truth.

The next theory which I am to notice is Mr. Pou-
teau’s. It is prefaced with many very judicious obser-
vations, peculiarly applicable to the subject; and from
which one might have expected that he had completely
exhausted it, and had left nothing for future inquirers
to discover or confirm. *“ Le desir si louable de décou-
¢ yrir le vrai, doit étre dirigé dans sa marche par un
¢ grand nombre d’experiences: . . . . pourse
« persuader qu’on a bien vu, il convient d’avoir re-
¢ gardé long tems et sous differens points de vie.”*

But unfortunately these judicious remarks appear to
have been intended rather as strictures on Messrs. Petit
and Morand, than as maxims which had regulated his
own inquiries and conclusions: had he indeed been in-
fluenced by them, he would have spoken more favour-
ably of the theories of Messrs. Petit and Morand, and
would have presented us with a view of the subject very
different from that which he produced.

* Melanges de Chirurgie.
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But let it not be thought, that I am disposed to deal
captiously 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 vii 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
memoir.

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
subs1d1ary means towards the suppression of hemor-
rhage. The retraction of the artery, he said, has not been
demonstrated; and that, at any rate, it is not more
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cffectual 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
Morand, 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 divided, 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
heen cqually unsuccessful: they were made on the
stump 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 hemorrhage; and yet,
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these are the principal instances, and the periods of
examination, from which Mr. Pouteau undertook to
write a ¢ Memior on the means which Nature employs
¢ for the suppression of hemorrhage;”” and that too
in opposition to the descriptions of those means, which
had 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
« T wrote these papers, I have observed Mons. Pou-
“ teau, senior surgeon of the Hétel-Dieu, at Lyons,
¢ in his Melanges de Chirurgie, printed in 1760, and
¢« Mr. Kirkland, an eminent surgeon in this kingdom,
¢ in his T'reastise upon suppressing hemorrhages 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’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 had 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. L. p. 172, note, published 1766.

The opinion referred to, and which he set up in
opposition to what he considered as defective experi-
ments 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 andreturn 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. Pouteau 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. Goqch afterwards, in
the first volume ot 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, “ ina limb or any external part of
¢ the body, is totally divided, its retraction may bring
¢ it 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 tumld the eflux 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 ex-
tract 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 effect of a
temporary pressure sufficient to stop the flow of blood
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
perpendlcular 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.
E
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'I'hat the bleeding is not suppressed by congealed
blood; but by the vessel being quite close contracted
for near an inch or more from its extremity: that by
removing the pressure from time to time, it is easy
to discover this contraction taking place by a gradual
decrease of the stream of blood.

That the artery collapses and gradually closes itself
up to the nearest lateral branches, as the resistance to-
wards the ligature abates from the blood passing
through those vessels. It appeared to Mr. Kirkland
even selfevident that Nature always took this step to
suppress the hemorrhage from divided arteries, upon
reflection, that the same circumstance constantly hap-
pens when the umbilical vessels are divided at the
birth of the feetus.

That the impulse against the end of the artery im-
mediately becomes less, and soon entirely ceases from
the blood, upon meeting with resistance, dilating and
passing through the nearest lateral branches; and this
he thought evident from the gradual decrease, and, at
length, the total disappearance of pulsation.

That the contraction of the artery, and the altera-
tion in the course of the blood is not long in taking
place; after which it probably, like the umbilical
vessels, shrinks into a perfect cord, and becomes im-
pervious.

That intercepting the passage of the blood for a
while is all that is required from art.
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Let the following serve as a specimen of his expe-
riments.

¢ 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 straw, some near as large as a goose quill,
‘“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 became 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 llgature
“ 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 Hemorrha-
aes from divided Arteries.



20

Mr. Kirkland repeated his experiments, and the
results were the same; but he very properly sought
to confirm his' opinions by observations made on the
human subject, and his experience afforded him the
following.

Joseph Ayre, of Cadwell, had a spurious aneurism
of the humeral artery, on which Mr. Kirkland per-
formed the usual operation in 1757. * The impulse
“of the blood against the ligature at the time of the
‘ operation was very great; and as part of the artery,
“ whose diameter was considerably enlarged, was ex-
“ posed, its pulsation was remarkably visible; but
“‘upon removing the dressings, three days afterwards,
‘“the pulsation could neither be seen nor felt nearer
“to the ligature than an inch and a half:” whence
he was led to conclude, ¢ that the artery had collapsed,
“and gradually closed itself up to the nearest la-
““ teral branches, as the resistance towards the liga-
“ture abated from the blood passing through those
‘“ vessels.”’*

In proof both of the contraction of an artery, and of
the rapidity with which it takes place, Mr. Kirkland
proceeds: ““ I have observed that arteries, as those we
“ commonly meet with in cutting for the stone, or in
“ taking off scirrhous breasts, &c. will, for the most
“part, if they are wholly divided, be effectually
““ closed by pressure in three or four minutes. And if, *
“in taking off a leg, we intercept the course of the

* Kirkland’s Essay on the Methods of suppressing Hamor-
rbages 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
“blood draining down the muscles from one artery
“only; and though it had 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 hzmorrhage after she
‘“ was put to bed; but during this time the pulsation
¢ gradually disappeared, and the bleeding was effec-
“tually stopped. Indeed, since I have attended to
‘““this circumstance, I 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 forced
s OPCD.”
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Mr. White, whose opinion carries great weight with
it, thus gives his unqualified assent to the doctrine of
Mr. Kirkland: “In regard to the means which Nature
« employs in the stoppage of hemorrhages from divided
« grteries, 1 never thought Petit’s theory of a coagu-
«lum at all probable: a coagulum of blood formed at
¢ the end of an artery is so far from being of any ser-
“ vice, except in some few cases where the air cannot
< get admission, that it is absolutely prejudicial, as I
“ have often observed; and should always be removed
¢ before the application of sponge, or any fungous
‘“ substance.”

« Pouteau’s hypothesis, that the swelling of the
¢ surrounding cellular substance closes the artery,
¢« seemed more probable; but I am now convinced,
“ from several observations, that, according to the
“ supposition of Mr. Gooch, since confirmed by my
“ ingenious friend Mr. Kirkland, the arteries, by their
“ natural contraction, coalesce, as far as their first
“ ramification.””*

Mr. White thinks the following case a good proof of
this doctrine; ;

An old woman had a compound fracture of the fore-
arm, which he found it expedient to amputate at the
end of three weeks; but she died on the eighth day
after the operation. We are only concerned in the
state of the truncated arteries, which had been stopped
with sponge, and of whose dissection he gives the

* White’s Cases in Surgery.
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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 com-
“mon silver probe into each branch, which passed
‘“ very easily to a certain point, which seemed about
‘“an inch from the extremity of the stump; but could
‘““go no further. I 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
““arteries 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.”’#

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 1
shall presently lay before the public, 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 inquire whether in Mr. Kirkland’s experi-
ments all the circumstances were natural, so as to jus-
tify Mr. White in considering them conclusive as to
the “means which Nature employs in the stoppage of

* White’s Cases in Surgerv.



24

* 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, a ligature on the artery, or
his 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; especi-
ally when it is that one most important circumstance
of all, the source of our anxiety and alarm, namely, the
impetuous 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-
scquences (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 fiom the condition
of a tied artery, in which I am ready to admit that
the formation of a coagulum of blood is contingent;
and, except under particular circumstances, of no
use; and employs them to explain the condition of a
divided artery left to Nature, in which I shall maintain
that a coagulum is, in general, essential to the preser-
vation of the animal.

L]

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, that if in a 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 shown 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. Belb* 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 blood.”
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 Shrger;v,
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¢ The stream of blood gradually lessens, because
the artery is emptied, and the resistance to the arte-
rial action taken away; the stimulus being gradually
lessened, the artery every moment acts less power-
fully; and the blood being no longer solicited or
urged on by the arterial contractions, forsakes the
open artery, and moves along the neighbouring
branches. The surgeon claps the point of his finger
upon the mouth of the artery, and holds it there;
the outward bleeding is prevented; the blood is
extravasated into the cellular substance round the
mouth of the artery; the cellular substance is slightly
injected with blood; that blood coagulates, and that
slight barrier is sufficient to restrain the bleeding of
a small artery, till the parts inflame, and the artery
is entirely stopped.

« Supposing theartery still larger and more powerful,

and that it drives its blood very furiously among the

cellular substance, it is not this slight injection of
the cellular substance that will restrain the bleeding.
Whenever the finger is removed the blood bursts
through this slight impediment. The injected cel-
lular substance will not support the artery, unless
the cellular substance itself be also supported. . . .

“ . ... 4. ..Retraction of the artery has no
effect in suppressing hemorrhagy, but as it fills the
cellular substance; and this injection of the cellular
substance is but a slight obstacle, fit to support only
the very smallest arteries. The natural powers
which restrain hemorrhagy, do but suppress it for a



27

“ time, and expose the patient to secondary hemior-
¢ rhage!”

According to Mr. Bell’s first position it appears,
that the injection of blood 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 wvalid:
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
‘mature 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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Left then, as we have been, by the author, to make
the best we can of the theory and explanation, the
only conclusion at which we can arrive without assis-
tance from him, is, that hemorrhage is not stopped
¢ by the formation of clots, but by the cellular sub-
« stance, which surrounds the artery, being injected

« with blood, which, according to the illustration, z

:

“ coagulates;”” but as the artery is every where sur-

rounded with cellular substance, the coagulated blood,
which stops the hemorrhage, must necessarily be in
the cellular substance: we have, therefore, only to
discuss the difference between a clot of blood, and
coagulated blood, to discover the principal difference
between this offspring of Mr. Bell, and what he has
been pleased to call Petit’s ¢ sickly child.”

¢« Retraction of the artery,”” says Mr. Bell, ¢ hag §8
¢ no effect in suppressing hemorrhagy, butas it fills

i

¢ the cellular substance.” But let it be observed, that

besides filling the cellular substance round the artery,

it also fills the cellular substance at the mouth of the

artery in a particular manner; for the divided artery,

by its retraction within its cellular sheath, leaves a
space of a determinate form, which, all the circum-
stances necessary for the suppression of hemorrhage
operating, is gradually filled up by a distinct clot. If
Mr. Bell really means to confine his doctrine of the
natural means of suppressing hemorrhage to the in-
jection of the cellular membrane round the artery with
blood, he dwells improperly on one of the attendant
circumstances to the exclusion of the retraction and
contraction of an artery, and the formation of a dis-

B
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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 show, 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 jusquw’a Pendroit, o il rencontrera une
“ branche collaterale entiere dont il enfilera la route, au
% moyen de quoi la circulation s’achevera.” And 1
am still less disposed to dwell on the inconsistency of
introducing the surgeon’s finger as an auxiliary to the
natural means by which hemorrhage is stopped.

o
&



SECTION II.

Having now given a full, and T trust, accurate’
detail of the various theories, which have been offered
in explanation of the natural means of suppressing

o

!
hemorrhage; I remark, that although they are allqi

more or less deficient, yet each contains correct and
valuable observation; which, however, having been
mhade at different stages of the process, has afforded
but partial views of it to each observer, and has
thereby given rise to the discordant opinions we have

reviewed. It is obvious that a connected series of .

observations can alone afford a full and satisfactory
view of the subject: such a series, whilst it confirms
and reconciles most of the facts on which the preced-
ing theories were formed, will prove them to have
been deduced from too limited an investigation; and
induce us to suspect, that, in some instances at least,
their authors have been influenced by a spirit of oppo-

sition and innovation, and an unjustifiable propenq’iiyfll’;

to assign the whole effect to one circumstance alone,
regardless alike of the observations of others, and of =
the general analogy of the operations of the animal
economy.

The truth of this remark will, I think, appear from
the experiments, which in conformity with my ‘plan
U proceed to relate. -



EXPERIMENT I.
/

Having laid bare the carotid artery of a horse, 1
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 hemorrhage
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 II.

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 retracted 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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rounding cellular membrane were very much distended
with blood, but the canal of the sheath, left by the
retraction of the artery, was not filled up with a clot.

EXPERIMENT 1L

The carotid artery of a horse was laid bare between
the heart and an obstructed part of the artery; as, in
consequence of a previous experiment, I had reason to

suppose. The integuments were brought together,

and the artery was divided, as in the second experi-
ment. A rapid hemorrhage took place; and the jets

of blood corresponding to the action of the heart were

very conspicuous. The artery was divided nearer to the
heart than in the former experiments, and the animal

fell sooner than either of the others; but continued
alive longer after falling than they did. A little while *’

before the animal’s death the hemorrhage had nearly
ceased; scarcely any blood could be observed to flow
externally; but in a very few seconds after this period
he died.

The cut extremities of the artery were separated
nearly an inch: both appeared to be very much con-
tracted, especially that extremity of the artery next the
head; but from which no hemorrhage happened, as its
canal above had in reality been obliterated by the ex-
periment alluded to: the mouth of this portion of ar-
tery, however, was still pervious, and its sheath was
injected with blood from the artery below. The sheath
of the portion of artery next to the heart, and the sur-
rounding cellular membrane were very much filled

-

¥
¥
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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
coagulum, 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 iucision,
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.
G
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but from that it was comparatively feeble. After the
hemorrhage had continued ten or fifteen minutes, the
horse raised his head, and began to move his legs;
and, in the course of ten minutes more, kicked with
such violence, that it was necessary to pass a knife
into his chest. Previous to the division of the great
vessels, the jet of blood from the portion of carotid
hanging out at the wound, had diminished both in
size and strength.

Dissection. The retraction of the portion of artery
next the head was considerable. It lay in a bed of coagu-
lum, formed by a complete injection of its sheath with
blood. The artery being torn from this bed, drew
with it an inch or more of the innermost lamina of its
sheath, or that portion of it in which a canal had been
formed by the retraction of the artery. The portion
of sheath projected beyond the ragged extremity of
the artery, its cells were distended with blood, and
supported the external coagulum against the lacerated
end of the artery, which it almost shut up. The
sheath with its coagulum was of a conical form. The
artery was contracted, but by no means to such a de-
gree as was necessary to stop the hemorrhage indepen-
dently of the other natural powers, which are com-
bined for this important end. About half an inch of
sheath was pendulous from the portion of the artery,
which hung out at the wound. This sheath, its canal
being cut open, appeared much thickened internally
with a coagulum entangled in its cells. This appear-
ance partly explained the gradual diminution of the
jet of blood.
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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 show 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 despatched 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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retrograde course of the blood, and the easy outlet, the
extravasation was trifling. The retraction of the artery
had taken place to the usual distance, and the cells of
the internal surface of the sheath, left by that retrac-
tion, were stuffed with coagulated blood, and approx-
imated; and thus the external coagulum was secured,
and filled up the space opposed to the mouth of
the artery, to which it was closely applied. The mouth
of the artery was evidently contracted, resembling very
much the upper portion of artery represented.in plate I:
fig. 2.

The external coagulum was gradually forming in the
above experiment; but the blood requiring, at the
-least, three minutes and a half to coagulate, and the
pressure of the integuments opposite to the wound of
the artery being entirely taken off, the external he-
morrhage was not restrained, so as to admit of the ex-
tensive injection of the sheath to support and detain
the blood at the mouth of the artery long enough to
form the external coagulum; and, in time, to prevent
the animal from being exhausted: it did form at last,
but too late; and which must generally be the case in
very large arteries under the same circumstances.

EXPERIMENT VH.

The femoral artery of a dog was divided, and the
integuments were brought together, as in Experi-
ment II., the section of the artery being made as
high as it was detached. Half an hour after the he-
morrhage had completely ceased, the dog was drowned.
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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 connexion 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 appearance 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 I
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. \
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EXPERIMENT VIIIL

The carotid artery of a horse was exposed, tied, and
divided between the ligature and the head, as in Ex-
periment VL; but, as the hemorrhage from so large an
artery had hitherto proved fatal, even from that por-
tion of it next the head, when the wound was left open,
the integuments were closely confined by sutures. A
large tumor immediately formed; but not more than
half a pint of blood escaped between the sutures, and
this external hemorrhage ceased in a few minutes. The
horse was killed at the end of three hours.

Dissection. The retraction of the artery, and the
extensive effusion of blood into the sheath, corre-
sponded with the former experiments. The extrava-
sation between the muscles was not to any great ex-
- tent. To the mouth of the artery the external coagu-
lum was closely applied, in its form not very definite,
in its extent equal to the retraction of the artery within
its sheath, by which it was supported; and, at the
part where the sheath had been wounded, it was con-
tinuous with a very large coagulum that filled up the
cavity of the wound. The artery being cut open quite
to the external coagulum, a long and slender internal
coagulum was found, which extended beyond many
collateral branches, but did not occupy a sixth of the
artery. In all probability this was formed after the
death of the animal; for the examination was not made
%ill an hour and an half after the great vessels had been
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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
manner described in Experiment II. 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 abeve 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 an inch, and
was turned forward into the clot lying 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
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internal surface. The éxact termination of the end of
the artery, viewed internally, was rather indistinct.
From the extremity of the inferior portion of artery
the external coagulum projected a little, and appeared
dark. On cutting open the artery, this coagulum, for
the space of three lines breadth within its canal, ap-
peared whiter, and firmly adhered all round to its in-
ternal surface. This appearance of the coagulum ren-
ders it highly probable that the indistinctness of the
internal termination of the superior portion of artery
was occasioned by an effusion of lymph. The inter-
nal coagulum was long and slender; neither filled the
cavity of the artery nor adhered to it, but was attached
to the whiter part of the external coagulum that lay
in the mouth of the artery.

EXPERIMENT X.

This experiment was an exact repetition of the

Ninth.

Dissection. The integuments inclosed a considerable
clot of blood, which lay over the extremities of the ar-
tery. This clot being raised from the extremity of the
superior portion of the artery, we found that it covered
the external coagulum, which completely shut up the
mouth of the artery, and was, for the space of one-third
of an inch, ¢. e. as far as this portion of the artery had
retracted, of a slightly conical form, and then swelled
into a larger portion, which was continuous with the
clot, above described, that lay over it. I cut away the
superincumbent clot from the external coagulum just
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beyond the sheath, where the latter coagulum was be-
ginhing to lose its distinctive character. The effusion
of blood was as extensive as in the last experiment.
The sheath could be distinctly 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 XL

The carotid artery of a horse was exposed, and a
ligature 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, it instantly 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 condition) in the course of fifteen
minutes, 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

H
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did not cease externally for an hour. The animal was
killed after six hours.

Dissection. The blood was effused to a great distance
into the cellular membrane of the contiguous muscles;
and beyond this, quite to the angle of the jaw, the neck
was loaded with serum. The artery lay in an immense
coagulum; its sheath was separated, and its distinc-
tive character confounded by the quantity of blood that
had been forced between it and the artery. The ex-
ternal coagulum in the canal of the sheath appeared to
be intermixed with lymph, of which a lamina, imme-
diately applied to the mouth of the artery, and closely
adhering to it, seemed most distinct. The internal co-
agulum, of a black colour, was attached nearly to the
center of this lymph; it tapered from this, its base, to
the first collateral branch, and was so small that it did
not occupy a fourth of the canal of the artery, neither
did it adhere at all to the internal coat of the artery.
See plate II. fig. 1.

EXPERIMENT XIIL

The carotid artery of a horse, having been exposed
‘by a small incision, was raised from its bed over
a director, and an uninterrupted ligature passed
through the integuments, to close them if neces-
sary. The artery was then torn through by a sud-
den and violent pull with the director. The por-
tion of artery next the head retracted, whilst the
other hung out at the wound three inches. The
hemorrhage was considerable from the former, and
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would have been profuse from the latter, but it was
instantly 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 conical shape was
more strongly defined than usual. It was very much
intermixed with lymph. To it adhered 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 appearance, the
artery was examined. Itsinternal coat had been lace-
rated in numberless parts, and at every laceration
there had been an effusion of lymph, to which the
internal coagulum adhered. In this instance, contrary
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 internal coat of the
artery.
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EXPERIMENT XIIL

The femoral artery of a dog was completely divi-
ded, and the integuments were brought together as
in Experiment II. The dog was killed twenty-four
hours after.

Dissection. The integuments cohered, by an in-
tervening layer of lymph, to a large clot of blood
that lay in the wound, but their edges had not united.
The cellular membrane was filled with -coagulated
blood from the knee to the internal part of the pelvis.
The superior portion of the artery was slightly con-
tracted at its extremity, and shut up by the external
coagulum of blood, which extended about a quarter
of an inch from it, and, becoming rather smaller at
its end, was turned.forward. On cutting open this
portion of artery, its extremity was found filled up, for
at least one line’s breadth, with lymph, which adhered
firmly all round to its internal surface. There was no
division between it and the external coagulum, butan
obvious difference in colour.

The external coagulum in this, and the Ninth Ex-
periment, was, for some time, supposed to be the ex-
tremity of the artery. It resembled the artery both in
size and figure; and their attachment being intimate,
their junction smoothed over by the sheath, and the
parts obscured with coagulated blood, it was not pos-
sible t0 say where the artery terminated, until the parts
were dissected, and the artery cut open.
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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 thc
wound of the integuments so secured by the inter-
rupted suture as effectually 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 twenty-four hours after the operation.

Dissection. The extravasation of blood had been
immense, 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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EXPERIMENT XV.

The humeral artery of a dog was divided, and the
wound in the integuments left entirely open. A very
profuse hemorrhage ensued, but the animal soon be-
came faint, and the blood ceased to flow. The animal
was killed twenty-four hours after the operation.

Dissection. The surface of the wound was covered
with a layer of lymph. There was scarcely any effused
blood in the cellular membrane, except in the sheath
of the artery, to the extent of two inches, but the ar-
tery was not in the slightest degree compressed by it.
The truncated extremities of the artery were very
much contracted, but particularly the inferior; and
each was closed by the base of the external coagulum
of blood. These coagula were conical in their form,
and connected by an irregular ridge of lymph, which
extended in a direct line from the apex of one to that
of the other. On cutting open each portion of the
artery, the coats appeared very much thickened, and
the internal surface inflamed near the extremity, which
was filled up, for at least a line’s breadth, with lymph.

EXPERIMENT XVI

"The brachial artery of a dog was divided as high up
in the axilla as possible, and the integuments brought

together. The animal was killed forty-eight hours
after the operation.
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Dissection. The dog having pulled away the su-
tures, the wound was found open, and some small
portions of coagulated blood in its cavity. The sur-
face of its cavity was formed by a layer of coagulated
lymph, 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 XVIL

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 abscrbed. 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 connexion 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 laminz of the sheath. The
internal coagulum was an inch and a half 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 II. fig. 2.

EXPERIMENT XVIIL

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
cut away. 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 liga-
ture that secured it, the part incircled 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-two
hours after the operation.



50

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 had 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
latter 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-

* 1 make this observation because the state of this artery forms
an insuperable objection to Pouteau’s doctrine, that the suppres-
sion of hemorrhage depends on the ¢ engorgement” of the cel-
lular membrane.
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tremity of the artery. The coats of the artery were
much thickened. See plate II1. 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
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very distinctly of the figure of a cone. On cutting it
open we found its mouth completely contracted, and
adhering to the lymph that closed it. An internal
coagulum, similar to that of the superior portion of
the artery, was attached to this lymph. The coats
of both portions of the artery were very much thick-
ened. See plate L. fig. 4. |
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SECTION III.

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 donc;
but they afford us one more satisfactory, because it
accords better with the operations of the animal eco-
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 show, 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 forcibie
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
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which had been formed by the retraction of the artery,
flows freely externally, or is extravasated into the
surrounding 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 lows, 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 center.

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,
which is a well known consequence of such diminished
action of the vascular system, most essentially contri-
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 complete barrier
to the effusion of blood. This coagulum, viewed ex-
ternally, appears like a continuation of the artery, but
on cutting open the artery, its termination can be dis-

.
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tinctly 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 distinct from the former, and I have called it the
internal coagulum.

In the mean time the cut extremity of the artery in-
flames, and the vasa vasorum pour out lymph, which
is prevented frem 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 is 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
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‘extremity also is completely effaced, and blended with
the surrounding parts.

When the wound in the integuments is not healed
by the first intention, coagulating lymph, which is soon
effused, not only attaches the artery firmly to the sub-
jacent and lateral parts, but also gives it a new cover-
ing,* and completely excludes it from the external
wound, which then goes on to fill up and heal in the
usual manner.

The circumstances now described are observed also
in the inferior portion of the artery, or that, which
is supplied with blood by anastomosis; with this differ-
ence only, that its orifice is generally more contracted,
and the external coagulum is much smaller than the
one which adheres to the mouth of the superior portion
of the artery, or that from which the blood flows in its
direct course from the heart.t

From this view of the subject we can no longer con-
sider the suppression of hemorrhage as a simple or
mere mechanical effect, but as a process performed
by the concurrent and successive operations of many
causes: these may briefly be stated to consist in the
retraction and contraction of the artery; the formation
of a coagulum at its mouth; the inflammaticn and con-
solidation of its extremity by an effusion of coagu-

* See plate III.
t The termssuperior and inferior apply only to the extremities:

the other distinctions here used must therefore be attended to for
the carotids, '
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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 prevent 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 temporary 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 traced 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 liga-
mentous 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 Experiment XIX. plate I, fig. 4.

K
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Nor are these all the changes which the artery 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 change 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 become
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 have too much interrupted the detail of the
process. And first of the external coagulum—

Its particular figure and extent vary according to
the manner in which the wound has been inflicted. If
the artery, its sheath, the vein, and nerve accome
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 surround-
ing 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 have 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, &c.
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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 circamstance 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, I am convinced it will
be satisfactorily accounted for, by attending to the
manner in which the experiment is performed in both
instances.
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The extent, and, indeed, even the formation of the
internal coagulum of blood, depend 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 noin-
ternal coagulum of blood can be formed, at least
none worth mentioning. In some instances I have
found a small lamina 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 superfluous 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 alittle
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 situat-
ed towards the extremity of the artery, and in general it
adheres 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. It is 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
characterized by adhering almost throughout its whole
extent to'the internal surface of the artery: whereas the
former, ¢. 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 lymph 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
notice, that on examining, at a distant period after
these experiments, arteries which, (from similar expe-
riments on the corresponding 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.

I 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 as a 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; :. e. coagulating lymph would not
have been effused in such a quantity as to form a mass
of a determinate figure.*

* The following passage shows that Petit had also observed this
coagulum of lymph as distinct from that of blood, although in
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I 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. But 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 hemorrhage 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 hemorrhage. But if 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 internal 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. After some precautions
which he gives to avoid interrupting the formation of a clot, he
adds, « Il sera placé favourablement puisque la parzie blanche qui
‘“est plus legere que la rouge, s’elevera prés de Pextremité du
“ vaisseau, qui est le lieu le plus avantageux que puisse occuper
“le caillot.” Petit, Mem. &c de ’année 1752.
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coat. The internal coagulum may in this case avail
against a return of hemorrhage.

Experiments V. and XII. of the Second Section of
this chapter show that the peculiar state of the coagu-
lum excepted, the natural meansof suppressing hemor-
rhage were the same in these in