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THE

LIGATION OF THE LARGER ARTERIES
IN THEIR CONTINUITY.

AN EXPERIMENTAL INQUIRY.

BY
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Received January 12th—Read May 11th, 1838,

I.——Object of Paper.

TaE object of this communication is to show that, in the
ligature of a large artery in its continuity, it is neither
necessary nor advisable to tie the ligature so tightly as to
rupture the coats of the vessel; and, further, to demon-
strate that a small round ligature possessed of certain
qualities and used with the least possible disturbance of
the sheath of the vessel is the best for the purpose.

With reference to the occlusion of the smaller arteries,
such as the radial, and to the ligature of the cut ends
of arteries large or small in an amputation stump, we are
not now concerned. - In the former case such vessels do
not require any special precautions or methods in order
to ensure their safe obliteration, and in the latter the

question must be looked at from a different point of view.
1
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1. That of tying with considerable force in the belief
that damage to the arterial wall was either essential to
obliteration or a necessary safeguard against hsmorrhage.

2. That of treating the artery with gentleness in the
endeavour to cause its obliteration without inflicting the
least injury to it.

The earlier surgical writers, Galen,! Paulus Agineta,’
and others recommend the application of two ligatures
and the division of the artery between them ; an opera-
tion which now bears the name of Abernethy® (1827), but
many others have practised it. This way of tying an
artery probably originated in the observation that arteries
in amputation stamps are less prone to secondary heaemor-
rhage than those tied in continuity ; a fact which explains
the favour with which the operation has lately been
received, and gives the reason for its attempted revival.*
The validity of this analogy was questioned by Sir Charles
Bell® sixty years ago, and the procedure appears unneces-
sarily severe. '

The earlier surgeons belong to the severer school, and
with them must be placed Jones® (1805), who from experi-
ments upon the lower animals considered that he had
demonstrated conclusively that the tunics should be
ruptured in tying an artery in its continuity. He advo-
cated also the isolation of the vessel and the use of the
small round ligatare. He says youn must divide the
two inner coats because if you do not adhesion will not
take place, and, as the ligature ulcerates through, hsemor-

1 Loc. cit.

2 Paunlus Egineta (seventh century) :—* The artery having been cleared of
the surrounding parts is to be exposed with the same sealpels with which the
membranes have been divided; a needle being then passed under it, the
artery is to be tied with a double ligature, having previously been punctured
in the middle; suppuration must then be promoted till the ligatures fall out.”
(* Observations on Aneurism,’ collected and translated by John Erichsen,
Sydenham Society, 1844.)

* Abernethy, Surgical Works, new edit., 1827.

4 Walsham, * Brit. Med. Journ.,” 1888, vol. i, p. 660,

¢ Bell, “The Great Operations of Surgery,’ 1821,

¢ Jones, * On Hemorrhage,” 1805, p. 170,
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day. By this method Scarpa and his followers obtained
numerous successful results. In this country, however,
Jones’s views were already accepted, and consequently the
Italian surgeon had scarcely any English adherents. Bat
in 1821 Sir Charles Bell' published his work entitled
‘The Great Operations of Surgery,” and in it directs that
““ the loop and knot of the ligature be sunk into the coats
sufficiently to prevent the pulsation of the vessel shifting
the ligature, but not drawn so tight as to cut the inner
coats of the artery.”

Many years before the discussion between the adherents
of Jones and Scarpa (as to the best treatment of the wall
of the artery) had become acute, the great advance of
cutting ligatures short was attempted. This, it would
appear, was first carried out by two assistant surgeons of
the Royal Navy, Mr. Lancelot Haire® and another at the
Haslar Hospital about the year 1780. To Lawrence®
(1814) is due the development of this practice, which was
not wholly satisfactory, for, as in Haire’s cases, though the
wounds healed by first intention yet subsequently the liga-
ture almost always suppurated out. The next step was
the trial by Astley Cooper* (1817) of catgut with the ends

! Bell, * The Great Operations of Surgery,” 1821.

? Lancelot Haire,  London Med. Journal,” vol. vii, 17586 :—* An intimate
friend of mine, a surgeon of great abilities, proposed to cut the ends of the
ligatures close, and thus leave them to themselves. By following this plan
we bave seen stumps healed in the course of ten days. The short ligature,
thus left in, commonly made its way out by a small opening, in a short time,
without any trouble, or the patient being sensible of pain.”

3 ¢ Med.-Chir. Trans.,” vol. vi, 1814.

¥ Catgut was first used on account of ifs absorbable qualities by Sir A.
Cooper. See ‘Surgical Essays, by Sir A. Cooper and Benj. Travers, vol. i,
p. 125. A man, aged 80, with popliteal aneurism ; ligature of femoral artery
with eatgut; ends cut short; wound healed by first intention in four days;
patient up and about in three weeks. He remarks, “ 1 confess that this case
gave me much pleasure ; the great age of the patient, the simplicity of the
operation, the absence of constitutional irritation and consequently of danger,
and his rapid recovery, lead me to hope that the operation for apeurism may
become, at some future period, infinitely more simple than it has been rendered
to the present moment ” (ib., p. 129). Prof. Physick used buckskin in 1814 as
an absorbable ligature.
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drawn sufficiently tight to arrest all pulsation in the
~ tumour, but not so tight as to impair the integrity of the
arterial wall. There are few surgeons of the present day
who practise the gentle treatment of the wall of the vessel,
but to-night we desire to support their position from the
experimental stand-point, and to recommend the employ-
ment of the small round absorbable ligature.

III.—Opinion of the Present Day.

The statement occurs or is implied in the langunage
made use of in all recent text-books of surgery, that in the
operation of ligature of an artery in its continuity the aim
of the surgeon should be the complete division of the
internal and middle coats of the vessel ; and further, many
and diverse ill results, such as hsmorrhage, or return of
pulsation in the sac of the aneurism, are foretold as the
probable consequence of any failure on the surgeon’s part
in carrying out this cardinal rule.

It is only necessary to refer to current surgical litera-
ture under the head of “ Directions for the Operation,”
and whether the work of Bryant,! Erichsen,” Farabeuf,®
Heineke,* Holmes,® or Mac Cormac® be consulted, the opera-
tor is told alike by each and all to tie the ligature strongly
and steadily in order to divide the internal and middle
arterial tunics. In most books, however, there is to be
found evidence of considerable hesitation in the discussion
of the subject. Heineke® is very uncertain, not knowing
to which view to give the preference ; he says, “ It is only
necessary that the artery be tied so tightly that the folds
of the intima come in contact, but the ligature may

!  Practice of Surgery,” 3rd edit., vol. i, p. 413,

2 ¢ Science and Art of Surgery,’ Oth edit., vol. i, p. 415.

* “Manuel Opératoire,’ 1881, pp. 24, 25.

4 Billroth und Leiicke, * Deutsche Chirurgie,” Band 18, p. 94.
% Holmnes, ¢ System of Surgery,’ 3rd edit., vol. iii, p. 101.

® i Surgical Operations,” Part 1, 1885, page 19,

2
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(which show that by applying a ligature quite loosely
around the carotid of a large dog the vessel becomes per-
manently occluded), seem to indicate that, by division of
the coats of a vessel when not absolutely necessary to
attain the end in view, surgeons are departing from that
salutary law which precludes during operative measures
any unnecessary injury to the tissues of the body. The
evidence in this direction has gradually accumulated, and
has led to the belief that the importance attached to
damaging the arterial wall has been exaggerated and mis-
stated, and that the operation of ligation in continuity
ought to be reviewed in the light of recent advances in
surgery and pathology.

V.—EHaperimental Investigations.

By the kind permission of Prof. Birch Hirschfeld and
Dr. Huber we put our views to the test of experiment in
the pathological laboratory of the University of Leipzig.
The experiments were made on sheep and horses, and we
ligatured altogether sixteen carotids in sheep and three
in horses. Strict antiseptic precantions were adopted ;
corrosive sublimate and carbolic acid being used for thispur-
pose. The former answered best. The ligatures employed
were kangaroo tendon from one twentieth to one twelfth of
an inch in width, chromie catgut Nos. 3 and 4, and the green
sulphurous catgut about No. 3 size. Except in Experi-
ments 5, 6, 15, 16,18 and 19 the ligature was drawn upon
until pulsation on the distal side was arrested. The
cavity of the artery is completely blocked in Specimens
No. 15 and No. 19. It is much encroached upon in
artery No. 18, but is scarcely involved at all in Specimens
Nos. 5, 6, and 16. Excluding the above exceptions the
applied aronnd the carotid artery of a dog so loose as not to interfere with
the passage of the blood, is sufficient to cause inflammation, which will block

it up completely, as was proved by an experiment made by my able master
the younger Cline, and whieh I myself have repeated with the like result,”
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ligature placed loosely around it ; though a coagulum does
form which lasts for about sixty days.

The kangaroo tendon was tied with the reef-knot, the
catgut with the “ double hiteh » or surgical knot.

The majority of the vessels were immersed for preserva-
tion in equal parts of glycerine and absolute alcohol and
brought to England for further examination, but some
(six) were placed in carbolic solution (1-20). The alcohol
caused the vessels to shrink to about a quarter of their
original size.

Each vessel was split longitudinally through the middle
of the knot of the ligature, so that the portion of the
arterial wall subjacent to the knot and most exposed to
injury comes well into view. One half was saved to be
mounted as a naked-eye specimen in glycerine jelly, and
the other part was reserved for the microscope.

We have much pleasure in thanking Mr. Horsley for his
kindness in allowing us to use the Brown Institution for
~ the purpose of working up our material.

VI.—Specimens described and considered.

Scheme of Beperiments.—The following carotids of sheep
were tied with kangaroo tendon. The ligature was applied
except in the two cases mentioned below, so as to arrest
the current of blood.

Ezp. 1.—Carotid seven days after ligature. Lumen
not quite obliterated. Commencing organisation of new
material which is taking the place of the clot.

Ezp. 2,—Carotid ten days after ligature. Lumen not
quite obliterated. Organisation in clot more evident.

Exp. 3.—Vessel fourteen days after operation. Lumen
occluded. Increasing development of new material in
coagulom,

Ezp. 4.—Vessel twenty-one days after operation.
Lumen nearly occluded. Near the ligature the organisa-
tion of plastic material extends across the clot joining the
opposite intimse., (See Plate XI.)
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not quite obliterated. Commencing organisation of clot
' near seat of ligature.

Ezp. 11.—Vessel nine days after ligature. Lumen
nearly occluded.

Exp. 12.—Vessel ten days after ligature. Calibre
nearly obliterated.

Eaxp.13.—Carotid fourteen days after operation. Calibre
obliterated. Progressive organisation in clot.

Exp. 14.— Vessel twenty-one days after ligature.
Calibre obliterated by ligature. Extensive organisation
of plastic material in clot near the seat of ligation.

Eap. 15.—Vessel thirteen days after ligature. Complete
obliteration by the ligature of the lumen of the vessel.

Ezp. 16.—Vessel forty-four days after ligation. No
attempt was made in this case to arrest by the ligature
the passage of blood through the artery. A coagulum is
present which is not adherent and which in the speci-
men has mostly fallen out. It shows no evidence of vital
changes, and if the animal had been allowed to live would
without doubt have been carried away in the blood stream.
The tunica intima is much thickened. The catgut liga-
ture is still holding its own. It must have been excep-
tionally well prepared to resist absorption for so long.
The lencocytes, however, are working their way in from
the surface, but yet the ligature would probably have
remained unabsorbed for another fortnight if the sheep
had been allowed to live.

The following cavotids of horses were ligatured :

Eazp. 17.—Vessel ten and a half days after ligature with
kangaroo tendon. Lumen not quite obliterated. Com-
mencing organisation in clot at the seat of ligation.

Bzp. 18.—Carotid fourteen days after operation. Cat-
gut Macfarlan’s No. 3 was used. No attempt was made
to completely arrest the flow of blood at the ligatured
point. The lumen is encroached upon but not nearly ob-
literated by the ligature. In the specimen the clot has
dropped out except at the point of ligation. Much sup-
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days. In Experiment 19, fifty-one days after operation,
the catgut ligature has disappeared. In Experiment 6,
seventy-three days after operation, the tendon ligature is
almost entirely dissolved.

5. The gradual diminution and contraction of the vessel,
which was most marked on the proximal side of the liga-
ture. (Those arteries which were taken from the bodies
of the animals twenty-one days after operation, were
discovered by measurements taken immediately after death
to have shrunk to less than half their diameters at the
time of ligature.)

6. The decolorisation and absorption of the clot and the
organisation of plastic material which is taking its place,
is well seen in the neighbourhood of the ligature when
the latter wholly or nearly obstructs the cavity of the
vessel, and in three weeks by this process the proliferating
endothelium of one side is in vital union with the prolifera-
ting intima of the opposite side—the clot space being
thus rapidly bridged across. When the vessel is only
glightly constricted a coagulum forms but it remains a
“ foreign body ™ destitute of vital action until 1t is carried
away by the blood-stream.

7. A careful investigation of this series of experiments
demonstrates clearly—

1. That when an artery is only slightly constricted it
becomes temporarily blocked for a considerable time—from
fifty to seventy days. It then, much diminished in size,
resumes its function as a carrier of blood.

2. That when an artery is wholly or nearly occluded
by the ligature, plastic processes (which can be readily
traced from their commencement a few hours after ligation
to their completion fifty days later in the microscopic
sections) supervene which permanently block the lumen
of the vessel, which unite the inner coats of opposite sides
and which practically finally convert the artery at the seat
of ligature into a solid fibrous band.

L]
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the calibre of the vessel above and below the ligatured
point.

Our specimens illustrate these views. In each case in
which the vessel cavity was entirely or almost entirely
obliterated by the ligature, the microscope shows that a
cellular infiltration is taking place into the wall of the
vessel around the ligature and into the clot. The longer
the interval which elapsed between ligation and the death
of the animal so much the more organised is the plastic
effusion. By means of these cells the clot near the ligature
1s decolorised and with the ligature is at last completely
absorbed. Vessels developed from the formative material
which is taking the place of the clot are to be seen at the
end of a fortnight or three weeks passing across from the
proliferating intima, or plastic effusion, within the intima of
one side to the intima of the opposite side. In other
words the inner coats of opposite walls are commencing
to be adherent. Already there is a living connection, and
the intervening space is filled with a tissue which only
requires a short time more for its perfect development.

The same adherent changes are evident in the thin
strand of clot, which in some instances is visible at the
point of ligation, as are seen in the main body of the clot
just above and below the ligature when the lumen of the
vessel is obliterated. In those sections in which the tunica
intima of one side is shown approximated to the tunica
intima of the other, there is a direct vital adherence with-
ont the assistance of any intervening material, but depend-
ent upon, as in the former case, the plastic cellular extra-
vasation. This is of the utmost importance, for it proves
that it is of comparatively little moment whether the
ligature which does not damage the coats completely or
almost completely closes the lumen of the vessel. In
Experiment 19 the carotid of a horse which was not com-
pletely closed by the ligature is converted at the seat of
constriction into a solid fibrous band.

Reidel' is said to have made the inner surfaces of an

1 Quoted by Ziegler, * Pathol. Anat.’ (Eng. trans.), vol. ii, p. 14
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hsmorrhage ; for not only is the wall of the vessel nearly
divided at every point but in the knot region the outer
tunic has almost given way. During last antumn the
opportunity was afforded of dissecting a case in which
secondary hamorrhage, preceded by some suppuration,
occurred after ligature of the carotid. The wall of the
vessel had given way at its weakened and most disabled
point, 7. e. nearest the skin under the knot.

2. That there is no difficulty in tying an artery with a
small round ligature sufficiently tight to make it imper-
meable to water without the least damage to the coats. The
occlusion is caused by a longitudinal wrinkling of the wall.

3. That a tape-shaped animal ligature a quarter of an
inch in width will rupture the coats of an artery if force
be used. The knot of such a ligature is clumsy and the
tape does not lie flat in the neighbourhood of the knot.

The choice of material for the ligature has been much
debated. _

1. It is not easy to make silk aseptic. This is prob-
ably on account of the presence of recesses in which
bacteria can lodge. When employed outside the peri-
toneum there i1s some uncertainty as to what will happen
to it. It may become encysted or it may ulcerate out.
The question in the past has been one of gangrene at the
seat of ligature and of inflammation on either side ; now
suppuration in such a wound is and ought to be the excep-
tion. Senn' has shown that a silk ligature applied to an
artery in its continuity without damaging the tunics always
cuts its way through the vessel and frequently becomes
encysted by the side of it. Dr. Kélliker, of Leipzig, informed
us that of eighty amputations antiseptically performed in
which he had carefully searched for the silk ligature used
for the main vessel, he had only succeeded in finding it
in about one third of the cases. He supposed that some
of the ligatures had escaped his observation and that it
was fair to estimate that one half remained encapsuled ic

‘Trans, Amer, Surg. Assoc.,” vol. ii, 1885, p. 345.
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way in a less time unless very profuse suppuration
oceur.

3. The tendon used by us has several points in its
favour :

a. The structure is continuous throughout, and there
are no spaces as there are in catgut, due to twisting in its
preparation.

b. It does not split or crack during absorption, which
takes place “ from the surface.”

e. It 1s easily made aseptic.

d. It is only gradually, and after a long time, acted
upon by the living materials which encompass it.

Kangaroo tendon is very convenient for practical use,
being strong, of ample length, and becomes as supple as
silk by soaking for half an hour in tepid sublimate
solution.

The tendon ligature shows scarcely any absorption on
the surface at the end of twenty-one days. Leucocytes
are collecting, as in the catgut specimens, in a dense mass
on the outer side. In Experiment No. 5 the tendon is
seen fifty-eight days after operation and does not exhibit
much change except on the surface microscopically. In
Specimen No. 6 the tendon seventy-three days after liga-
ture shows unmistakeable signs of disappearance. The
circnmference is deeply indented and wavy in outline.

We consider that kangaroo tendon ligature may be
looked upon as trustworthy for at least two months,

IX. Objections discussed,

The following are some of the objections which may be
raised :

1. That conclusions based upon the ligature of the caro-
tids of sheep, and which are intended to be a guide to
practice, are founded wupon an analogy which 1s not wholly
supported by the facts, because ;






















































