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PREFACE TO FIRST EDITION.

My purpose in publishing this account of the Ligature of
Arteries is to give a brief, but I hope an accurate, statement
of the manner in which the operations may be performed,
and in each case of illustrating by diagrams the more im
portant anatomical relations of the parts. For many of

these [ am indebted to the artistic skill of my friend and

colleague, Mr. William Anderson. The descriptive matter
was prepared, in the first instance, for members of the class
attending my lectures, I desire to give only what is
absolutely essential, and leave the student to gain afterwards
by more extended observation, reading, as well as practice

on the dead subject, a greater knowledge of details

VILLIAM MAC CORMAC.

LEY STREET, Sfume 1553

























































12 LIGATURE OF ARTERIES,

Divide the skin in its whole thickness from end to end, steady-
ing it with the fingers of the opposite hand to avoid displacement

(Fig. 12).
Insert the point of the knife almost at right angles to the surface when

F1G. 8. —Position in which to hold the knife when commencing and
terminating the superficial incision.

beginning the incision (Fig. 8). Then slope it and complete the incision,
the knife being again held nearly at right angles to avoid “ tailing” of the

termination of the wound.

F16. 0.—Position of the hand and scalpel when dividing the layers of tissue
covering an arlery.

For light strokes, needed to divide the tissues more immediately in

relation with the artery, it is usual to hold the knife somewhat as a pen is












16 LIGATURE OF ARTERIES.

opening in the sheath, and by a very gentle to-and-fro movement make a
mall channel on both sides of the vessel for the needle to pass more easily.

Always isolate a large artery at the point to be ligated as completely as
possible, but only just sufficient to allow the aneurism needle to pass with
ease. To include adjacent tissues renders the action of the ligature
imperfect. The knot may become loose, and secondary heemorrhage will
be more likely to occur. Besides, there is a great risk of injuring
neighbouring structures of importance. When the operation is completed
by means of a double ligature, and the vessel divided between, the sheath

Fic. 15.—Manner of safely dividing the tissues covering an artery between two
pairs of forceps.

must be more freely opened, and the artery laid bare for three-quarters of
an inch or even more in order to afford the space needful for the secure
application of two ligatures. |

The healing of the ligated artery can only take place favourably
while it continues to receive a due supply of blood through its vasa
vasorum. Hence the importance of disturbing the connections of the vessel
as little as possible, and applying the ligature as closely as may be to that
part which lies undisturbed in the surrounding tissues.

The main nerves are generally superficial or external to the artery.

Each large artery is accompanied by a yet larger vein.
The principal arteries go nearly straight to the place of distribution.







18 LIGATURE OF ARTERIES,

with other substances, have had a trial. Whatever be selected, the ligature
should be round, smooth, of uniform moderate thickness, and the knot
must be tightly drawn to ensure the complete division of the internal and
middle coats. A return has recently been made in some instances, more
especially in the case of large and not very healthy vessels, to the
practice of simply constricting the vessel. A broad tape-like ligature of
animal substance is used, and the inner and middle coats are not divided.
It is questionable, however, if any advantage be thus gained in ordinary

Fic. 17.—Manner of fastening the loop of ligature around the artery.

cases. As a rule, it will be better to tie tightly enough to divide the
internal coats.

\WWhen the vessel is thoroughly isolated and exposed, separate the
margins of the wound with retractors. Pick up one edge of the divided
sheath with the forceps. Insinuate the end of the needle gently around
the vessel with a slight lateral to-and-fro motion, seizing the other margin
of the opening in the sheath as the aneurism needle comes round, to
facilitate its emergence (Fig. 16). The aneurism needle is often more
easily passed unarmed. The eye can be readily threaded afterwards. Ifa
portion of sheath catch on the end of the needle, it should be scratched
through with the finger-nail or knife. Avoid the use of any force. Care-





































30 LIGATURE OF ARTER/ES.

properly applied, divides the internal coats, whose edges are corrugated
and infolded, thus permitting the opposite surfaces of the adventitia to be
brought into contact with each other and unite directly by adhesive
inflammation. The changes already described take place in the inverted
intima and media, the external coat and parts external to the vessel, and
the whole is presently blended into one mass of cicatricial tissue, the
ligature gradually disappearing in the midst of it, without probably the
formation of a single drop of pus. What a contrast this presents to
the former process of separation of the ligature after perhaps weeks of
suppuration.

CHANGES WHICH TAKE PLACE IN THE SAC AFTER THE ARTERY HAS BEEN
1ED.—When the blood-current through an aneurism has been more or less
completely arrested by the application of a ligature, the sac at once decreases
in size, becomes less tense, and pulsation ceases. The resilience of the
surrounding parts compresses the tumour. The interior is filled with clot,
usually firm and laminated in the peripheral portion, while the central part
is generally soft and amorphous (Fig. 29). As the fluid matter is absorbed
the clot by degrees shrinks, becomes firmer, and at the same time the sac
contracts and the tumour becomes hard. As organization proceeds in the
interior, so does the sac diminish in size, until the contents are gradually
completely removed, and finally a fibrous cord (Figs. 30, 31) is all that
remains to represent the former aneurism and the vessel on which it was
placed, for a short distance above and below the aneurism. Many months
may be required to complete these changes.

CorLaTERAL CircurLaTiON.—Through the enlargement of the adjacent
arteries the collateral circulation begins to develop the moment the main
current is arrested.  In animals it is very rapidly established. In man the
time varies. The restored pulse has been felt below the sac in the radial
or tibial arteries almost immediately, or in a day or two after the ligature.
Sometimes its reappearance is very long delayed.

The first effects of ligature are to induce pallor and diminished heat of
the parts supplied. These are succeeded in a few hours by a slight blush,
and even increase of temperature ; the normal appearance and heat of the
part being then gradually regained. Either of these conditions, In an
exaggerated degree, may put the limb in danger of gangrene.
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probably renders the formation of firm laminated clot more probable.
Sometimes a recurrence of pulsation in the aneurism will be felt after an
interval of four or five weeks, which, after a short continuance, generally
disappears. Recurrent pulsation may also show itself even when an appa-
rent cure has taken place for two, three, or more months. The probable
explanation is the breaking down of a faulty coagulum, and over-abundant
blood supply. The blood again reaches the sac, and by this time the colla-
teral circulation has been fully established, and there is much less chance
of ultimate cure. Finally, the disease after a temporary arrest may progress
unaffected by the previous ligature, an untoward result due to preternatural
activity of the collateral circulation.

Recurrent pulsation has been very often observed after ligature for
carotid aneurism, and is doubtless dependent for its comparative frequency
in this and some other regions, on the completeness with which the colla-
teral circulation becomes established. Rest, pressure, cold locally applied,
may be tried. 1f these fail, and the aneurism is seated in an extremity, the
operation of Antyllus, ligature of the vessel at some higher point, or even
amputation, may have to be resorted to.

In some few cases the continuity of the vessel becomes re-established
after ligature, and the object for which the operation has been performed
< not attained. If the ligature fail to obliterate the vessel, as has happened
with catgut ligatures which have become too soon absorbed, and the cir-
cumstances of the case demand further interference, the vessel may be tied
again at some higher point.

CompricaTioNs AND CAusEs OF DEAIH AFTER LicaTURE.—The
principal complications which may occur after the ligature of an artery
in its continuity are secondary hmmorrhage, and gangrene of the limb
supplied by the ligatured vessel. Inflammation and suppuration sometimes
take place in the sac, an accident not infrequent in axillary aneurisms.
The period after ligature at which this ensues varies. The sac increases
rapidly in size, becomes tense, red, and painful, the skin thins, and the
tumour may burst. The sac must be laid open and the contents turned
out. If bleeding do not occur, or if the bleeding points can be secured, a
satisfactory result may follow. If the heemorrhage cannot be restrained or
if it recur with violence or frequency, amputation, where practicable, should
at once be performed.
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Gangrene of the parts beyond the point of ligature is a frequent acci-
dent, and often proves fatal, either through septic infection, or from the
amputation it subsequently entails. Gangrene occurring in the lower
extremity is more fatal than in the upper. It is most likely to occur after
ligature for aneurism in the lower extremity. It is not so frequent in the
upper limb because of the free anastomoses which exist there. It is three
times more frequent after ligature for secondary haemorrhage than for
aneurism. It occurs, as a rule, within the first forty-eight hours, and if
during this period there be no distinct evidence of impaired vitality in the
limb, the probability of its later occurrence is slight. It may, however,
show itself either within the first twenty-four hours, or so late as the eighth
day. Gangrene may be limited in extent, and slow in progress, or so rapid
as to involve the entire limb below the seat of ligature in a few hours. In
the former case it will be proper to await the formation of a demarcating
line, but in extensive acute gangrene, which is the usual kind, septic
absorption may take place, and early amputation near the level of the
ligature, so soon as there is an indication of the limit of the gangrene,
will be the proper course to adopt. Acute gangrene usually depends on
the tardy or imperfect establishment of the collateral circulation, injury
and obliteration of the principal vein in addition to the artery, exposure to
cold, the application of too great heat, or secondary ligature of the artery
at a higher point. When this unfortunate accident takes place the limb
should, as a rule, be amputated opposite the place of ligature without
waiting for a demarcating line to form.

Secondary heemorrhage is less common, and since the general adoption
of antiseptic precautions and aseptic ligatures it has become comparatively
rare. The nearer the vessel tied is to the heart, and the larger its calibre,
the more likely will this accident be to happen. It is more frequent in the
upper half of the body than in the lower, and after ligatures applied for
disease than for a wound. It is apt, in some instances, to recur repeat-
edly. This is evidence of an abundant collateral circulation, and more
likely to follow in those situations where the anastomoses are numerous.
The period of its occurrence varies from a few days to six or eight weeks,
Secondary hemorrhage has been especially frequent after ligature of
certain vessels, as, for instance, after the ligature of the common femoral,



























44 LIGATURE OF ARTERIES,

muscle forms a good guide to the vessel in the upper half of the forearm,
and the flexor carpi radialis tendon in the lower.

Surgical Anatomy.—The radial artery (Figs. 38, 42, 44) is smaller than
the ulnar at its origin. It passes along the radial side of the forearm from
the bifurcation just below the middle of the bend of the elbow, opposite
the neck of the radius, to the front of the styloid process at the wrist,
where it winds backwards round the outer side of the trapezium beneath
the extensor tendons of the thumb, and then passes forward into the palm,
between the heads of the first dorsal interosseous muscle, to form the deep
palmar arch. It is accompanied by venz cnmlites, which are united by
cross branches (Fig. 38).

The artery is accessible throughout, being covered only by skin and
fascia, except above, where it is overlapped by the supinator longus. It
lies first on the biceps tendon, and then, in succession, on the supinator
brevis, pronator teres, flexor sublimis, flexor longus pollicis, and pronator
quadratus muscles, and tie lower end of the radius.

In the upper third of its course it lies between the supinator longus and
pronator radii teres muscles ; in the lower two-thirds, between the tendons
of the supinator longus and flexor carpi radialis. The radial nerve is in
somewhat close external relation with the artery in the middle part of its
course only. Below this point it has passed beneath the supinator longus,
and is at some distance from the vessel.

LIGATURE OF THE RADIAL ARTERY IN THE TABATIERE ANATOMIQUE,

Guide.—On the dorsal surface of carpus the artery (Fig. 39) Crosses
the depression between the extensor tendons of the thumb (Zabafiére
anatomigue). The radial vein overlies the deep fascia, and may be
mistaken for the artery: the artery is beneath it, and only covered by the
skin, superficial and deep fascia.

Operation.—Extend and abduct the thumb. Make an incision, one
inch or one inch and a half long, parallel to the tendons, in the mid-space
between them. Divide the skin and fascice. The artery will then be
easily exposed. Separate it from the veins. It is a matter of indifference
from which side the needle is passed.
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guide. After the aponeurosis of the forearm is divided the artery will be
easily found. Separate the veins from the artery. The needle may be
passed from either side.

LIGATURE OF THE RADIAL ARTERY IN THE MIDDLE THIRI.

Surgical Anatomy.—In the middle third of the forearm the artery is
rather deeper than in the lower third. The nerve is somewhat close
to the outer side.

Guide—TLine before named, and the cuter border of the flexor carpi
radialis muscle.

n e v r
| l‘-.“h-,._ :"""'. il
i N
el | Ii: WL
L " d

Fi1c. 40.—Position of some of the superficial incisions made for deligation of

the arteries of the arm and forearm.

Operation.—Make an incision about two inches long (Fig. 40). Care
must be taken not to injure or include the radial nerve, which is, however,
about half an inch external to the artery. The operation otherwise is
similar to that in the lower third. The incision must be made somewhat
longer, in proportion to the muscular development.

LIGATURE OF THE RADIAL ARTERY IN THE UI'PER THIRID.

Surgical Anatomy.—The vessel with its vena comites lies deeply
between the inner border of the supinator longus muscle and the outer
border of the pronator teres muscle. The nerve is external and distant.
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undesirable operation, except for a wound of the vessel in this region.
The artery lies very deep. To reach it the muscles attached to the
internal condyle may have to be cut through. It may, however, be
exposed in the upper third by an incision half an inch internal to and in
the direction of the line of the artery, the centre of the wound being three
inches below the internal condyle. After the skin and superficial fascia
are divided the deep fascia is exposed, and the well-marked white line
which separates the flexor carpi ulnaris from the rest of the flexor muscles
must be looked for. An incision is made along this line, and the flexor
carpi ulnaris can now be separated from the other ulnar muscles, when the
ulnar nerve will be exposed and must be drawn to one side. A little
more deeply the ulnar artery will be found accompanied by its venz=
comites, and the needle is then passed round it from the ulnar to the
radial side.
LIGATURE OF BRACHIAL ARTERY.

Indications.—When requiring operation, usually either for a wound
or injury, this artery may be tied in any part of its course, preferably
below the origin of the superior profunda. Aneurism of the vessel is very
rare, except it be of the traumatic or varicose form. Wound of the artery
(Fig. 42) at the bend of the elbow was not infrequent when venesection was
a common practice. Anel was the first to tié the brachial artery for aneurism
following an accident of this kind. e applied a ligature to the vessel
just above the tumour, without making an incision into the sac, which
was the common practice previously.

Surgical Anatorny.—The brachial artery runs a very superficial course
along the inner aspect of the arm, lying in a depression along the Inner
border of the coraco-brachialis and biceps muscles, and a line drawn
upon the surface in this furrow will indicate the course of the vessel. It
commences opposite the lower margin of the conjoined tendons of the
latissimus dorsi and teres major muscles, and passing downwards from the
snner side to the anterior aspect of the linb, terminates about half an inch
or three-quarters below the centre of the fold of the elbow, a point corre-
sponding in level to the neck of the radius (Fig. 45). It can be readily
compressed against the humerus from within outwards above, and directly
backwards at the elbow.







]

LIGATURE OF ARTERIES.
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The brachial artery is covered by skin and fascia, overlapped by the
edge of the coraco-brachialis above, and by the edge of the biceps
muscle below. The median basilic vein lies in front at the lower part,
and at the bend of the elbow the bicipital fascia separates the two vessels.
Two satellite veins usually accompany the artery. On the inner side of
the artery, in the middle third of its course, are the basilic vein, ulnar and
internal cutaneous nerves. To the outer side above are the median
nerve (which crosses to the inner side about the middle of the arm) the
coraco-brachialis and biceps muscles. Behind are, first, the long and
internal heads of the triceps, between which dip the superior profunda

Musculo-cutanesus nerve and
cellular interspace  bhetween
brachialis anticus and biceps
muscles,

/ Brachial A.

Capliallc V=
Bleeps M. — —

Brachialis anticus M. — — e

Basilic V.
Internal cutaneois N.

Ulnar M., and inferior profunda
viessels,

Muscnlo-spiral N. and superior —
prafunda A,

Triceps M.

— Deep fascia and brachial apo-
TEUrosis, _di.rldiuﬁ the arm
into anterior and posterior
compariments.

e In;l:gumems and subcutaneous

at.

Fic. 44.—Diagrammatic section through the middle of the right arm.

artery and musculo-spiral nerve, the artery then lies upon the insertion of
the coraco-brachialis, and, for the rest of its course, on the brachialis
anticus muscle. The brachial artery frequently bifurcates high up, even
as high as the axilla, and two main trunks will then run parallel and near
to one another in the arm. About once in eight times the brachial artery
is double in some part of its course. In such case, if only one artery be
observed and ligatured, it may produce little or no effect upon the disease
or injury for which the operation was undertaken. A second should then
be sought for and operated upon. :

" Guide—Abduct the arm, and supinate the forearm. A line drawn
from the depression behind the axillary margin of the pectoralis major,
which will be a little in front of the middle of the axilla, to the middle of
the elbow-fold, indicates the direction of the artery. The inner margin
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vein. Scek the edge of the biceps muscle, and divide the deep fascia
close to it. It is desirable, if possible, to avoid opening the sheath of
the biceps, but the tissues should be divided towards that side to avoid
injuring the arterial branches coming off from the opposite aspect of the
vessel. Retract the biceps to the outer side, and draw the median nerve
aside. The sheath of wvessel will then be exposed, the vessel may be
isolated, and a ligature applied in the usual manner, excluding the venz
comites,

Below the middle of the arm the median nerve lies on the inner side,
and the needle should therefore be passed from within outwards.

Generally, the artery is tied in the middle third of the arm, and when
this is done there is an abundant collateral supply by means of the
anastomoses of the large superior profunda artery, given off just below
the border of the teres major, with the radial interossecus recurrent and
anastomotica magna artery.,

The frequent variation in the relations of the artery must be re-
membered. It often bifurcates high up, and one division may be super-
ficial to the aponeurcsis of the arm. The mobility of the neighbouring
parts is considerable, and the sheath can readily be drawn aside by the
retractor. If the incision be made too much internal the ulnar nerve will
be exposed, and may be mistaken for the median.

LIGATURE OF THE BRACHIAL ARTERY IN THE UPPER THIRD OF THE ARM.

Surgical Anatomy.—The vessel lies on the inner aspect of the arm,
covered by the integument and deep fascia, and overlapped by the basilic
vein. The coraco-brachialis muscle and median nerve are on the outer
side ; the basilic vein, the ulnar and internal cutaneous nerves are on the
inner side.

Guide.—Edge of the coraco-brachialis muscle.

‘Operation.—Abduct the arm. Make an incision three inches in
length (Fig. 40) close to the border of the coraco-brachialis ; the steps
otherwise are similar to those in the middle third. The needle should be
passed from the outer side, and great care taken that nothing save the
vessel is included in the ligature.
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musculo-cutaneous, lie on the outer side. The ulnar nerve, lying between
the artery and vein, and internal cutaneous nerve are on the inner side.
Behind lie the musculo-spiral and circumflex nerves. The vessel is, there-
fore, near its termination, more or less closely surrounded by nerves, and
covered by a plexus of veins, by lymphatics, and many lymphatic glands.
The axillary vein is superficial and internal to the artery (Fig. 46).
(Guide.—When the arm is extended from the side, a line drawn from
the mid-point of the clavicle downwards and outwards along the posterior

A
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FiG. 50.~Position of the patient and of the line of incision for the ligature of the
axillary artery in the third stage. The incision in the act of being made is that
intended for ligating the upper part of the brachial artery. The fingers of the left
hand are placed along the line of the wound so as to steady the skin during the
first incision. The right hand is holding the scalpel in the position ordinarily
adopted.

margin of the coraco-brachialis muscle will pretty accurately correspond to

the course of the artery (Fig. 50).

OFERATION IN THE THIRD STAGE,

Abduct the arm. Make an incision through the skin and superficial
fascia, three inches long (Fig. 50), from the middle of the axilla at the
junction of its anterior and middle thirds, downwards along the posterior
margin of coraco-brachialis muscle, which serves as a guide to the artery.
Depress the posterior margin of the wound, and retract the coraco-
brachialis muscle ; then draw the median nerve ou twards, and the vein and
artery will be found behind. The vein overlaps the artery from the inner
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vessel from the centre of the clavicle downwards and outwards, to the
middle of the axillary fold. After the pectoralis major muscle is divided,
the steps of the operation are the same as in the former procedure. The
artery may also be secured through this wound below the pectoralis minor,
or, if need be, the second stage may be exposed by dividing the muscle.
The artery has also been ligatured by means of an incision in the interval
between the deltoid and pectoralis major muscles. The cephalic vein
must be avoided. If there be not sufficient space for manipulation more
may be obtained by separating the pectoralis major for a short distance
from its attachment to the clavicle.

The axillary artery is difficult to secure in all parts of its course. Many
vessels in the wound will require ligature. The operation in the first and
second stages is not desirable, on account of the depth and extent of the
wound which in the first stage entails division of a very large muscle,
namely, the pectoralis major, and in the second the pectoralis minor in
addition, In the second stage the operation-should not be attempied,
save, perhaps, to search for a wound of the artery. When, however, the
operation is performed for diffuse traumatic aneurism or rupture of the
vessel with extensive extravasation, the muscles should always be freely
divided to give ample room.

Collateral Circulation.

AXILLARY, in third part (between the origins of subscapular and
circumflex arteries). (Figs. 48, 56.)

Supra-scapular }

{ Circumflex (upon acromion and in
Acromial-thoracic

with shoulder-joint).

In the first part the collateral circulation will be the same as when
the third stage of the subclavian is tied (Fig. 56). In the third part, when
the ligature is applied beneath the origin of the subscapular, it will be the
same as when the brachial is ligatured above the superior profunda artery
(Fig. 48).

LIGATURE OF THE SUBCLAVIAN ARTERY.

Anatomical Relations.—The subclavian arteries form a curve in the
neck, which, at its highest part, between the scaleni, often reaches the
level of the sixth cervical vertebra. The height to which the artery rises
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than the left. It arises from the innominate about the level of the upper
border of the clavicle, opposite the sterno-clavicular articulation, frequently
a little higher, and lies behind the interval between the two portions of the
sterno-mastoid muscle (Figs. 51, 53).

The left subclavian arises from the arch of the aorta (Figs. 52, 55).
It is more deeply situated in the thorax than the innominate. Both arteries
terminate by becoming axillary at the outer border of the first rib.

The artery may be effectively compressed downwards and backwards

Tnferkor thyroad A.

. Transversalis colli A,

Aseending cervical and superior
intercostal A A, 5

I External border of scalenus anticus A
diefining second stage.

Supra-scapubar A,

Subclaviai A,

first stage = Subclaviapn A. third
stagre,

FiG. 52.—Diagram of the left subclavian artery and its branches.

against the upper surface of the first rib, at a point corresponding to half
an inch inside the centre of the clavicle.

The artery has been tied in three places. It has been frequently
ligatured in the third stage, rarely in the second, and very rarely in the
first. The operation for ligature of the artery internal to the scalenus
has been uniformly fatal. Secondary heemorrhage occurred from the distal
side in nearly every case. Ramsden, in 1809, first ligatured the vessel in
its third portion for axillary aneurism.

LIGATURE OF THE SUBCLAVIAN ABRTERY IN THE THIRD STAGE,

Indications.—A ligature has been applied at this point for axillary
aneurism, innominate and aortic aneurisms (distal ligature), accidental
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and outwards (Figs. 53, 55) from the outer margin of the scalenus anticus
muscle to the lower or outer border of the first rib, on which, for the most
part, it lies. It is about an inch to an inch and a half in length.

After dividing the superficial structures, a triangular space will be
exposed bounded by the sterno-mastoid, omo-hyoid, and clavicle (Fig. 53).
Within this the artery crosses obliquely from above downwards and out-
wards. Ascertain the position of the external jugular vein with the
transverse cervical and supra-scapular veins, entering it on the outer side,
usually near the posterior border of sterno-mastoid. The transverse cer-
vical artery may cross the upper part of the wound, or perhaps not come
into view at all (Fig. 55). The supra-scapular i1s usually concealed beneath
the clavicle. The vessel, covered by the deep fascia, is situated in a
deeper triangle bounded by the scalenus anticus on the inner side, the
brachial plexus above and also behind the artery, and the subciavian vein,
rather in front and below, separated from the artery by the scalenus anticus.
The lowest cord of the plexus formed by the last cervical and first dorsal
nerves is in close contact with the posterior surface of the third stage of the
vessel, and the small nerve to the subclavius crosses over the artery. The
posterior scapular may also arise as a separate branch from this portion of
the artery (Fig. 51).

Guide.—The place where a ligature is applied in this stage of the artery
corresponds to a point half an inch internal. to the centre of the clavicle,
or close to the outer border of the sternc-mastoid, which as a rule closely
corresponds with the outer border of the scalenus anticus as it lies
behind the junction of the middle with the inner third of the clavicle.
When the deeper structures are reached, we must take care to keep below
the omo-hyoid muscle, and then to trace the outer border of the scalenus
anticus to the tubercle on the first rib. The outer border of this muscle is
the best guide to the artery which lies just external to, somewhat above,
and behind its insertion, upon the upper surface of the rib.

Operation.—Depress the shoulder, extend the head and neck, and turn
the face the opposite side. Make an incision through the skin and
platysma, three to four inches long, parallel to, and half an inch above, the
clavicle, corresponding to its_middle third.(Fig. 54). This muay be con-
veniently and safely done by drawing the skin downwards upon the surface
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nearly in front of

LIGATURE OF ARTERIES.

the subclavian artery, passing horizontally outwards

either immediately behind or just above the clavicle (Fig. 51). Sometimes
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Fic. 55.—Surgical anatomy of the neck.

Extermal jugular V.

the external jugular, supra-scapular, and transverse cervical veins form a
plexus immediately over the artery, a circumstance which considerably
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LIGATURE OF THE INFERIOR THYROID ARTERY.
Indications.—This vessel has been ligated with a view to arrest the
growth of bronchocele. It is also of necessity ligatured during the removal

of the thyroid gland. In cases of goitre the artery becomes very thin and
fragile, and 1s easily torn.

e Externnl carotid A,

—_— e Imternal cayotid A

Starno-hyoid M. cur.

Thyro-hyosl M, ———
Inferior constrictor

'!-“Il-'ﬂl:i-‘ﬂrhﬂ'mﬂ

crossing it.

Thyrobd cartilgre.

Sterno-thyroid 31, cut

Spinal colwnn,
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Recurrent laryngeal N. .
(lgophagus. - Superior intercostal.
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A — Internnl munmary

Common coretil A — .

Fic. 59.—Relations of the superior and inferior thyroid arteries to the thyroid gland
and adjacent structures. The thyro-tracheal ligament extends from tl_n: lateral
lobe to the extremity of the first, and sometimes second, tracheal ring, An
accessory band occasionally passes to the thyroid cartilage near its lower
border. The complete division of this in thyroidectomy is an important matter,

Surgical Anatomy.—This artery is the largest branch of the thyroid
axis, given off from the first stage of the subclavian (Figs. 58, 59, 6o, 62).
It first ascends a little directly in front of the vertebral artery and then
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arteria innominata on a plane somewhat anterior to it. Important parts
surround this artery on all sides, and its deeply placed position, behind the
sternum, renders it difficult and hazardous to reach.

Direction.—The vessel ascends behind the manubrium sterni obliquely
upwards and to the right side from its origin at the arch of the aorta to
the bifurcation opposite the sterno-clavicular articulation, above which,
however, it frequently ascends for some little distance before terminating.
In other instances the bifurcation will be quite behind the sternum.

Operation.—The patient’s shoulders should be well supported, the right
arm drawn downwards, and the head inclined backwards and to the left
side. Make an incision, three inches in length, along the upper border of
the clavicle, beginning at the median line, and a second, of the same length,
upwards, 2long the inner margin of the sterno-mastoid. Divide the sternal
and part of the clavicular origins of the muscle on a director passed close
underneath them, also the sterno-hyoid and sterno-thyroid muscles in a
similar fashion. The commencement of the carotid artery will first be met
with and forms a guide to the vessel. The carotid artery being discovered
will now have to be traced downwards to its origin, and the position of
the parent trunk ascertained. In order fully to expose the artery it will be
necessary to tear through a dense fascia covering it, carefully to separate
the thyroid plexus of veins and left innominate vein, and then to isolate
the vessel behind the sternum. Apply the ligature, if possible, near to
the middle of the trunk. The right pleural sac, in which the artery 1s
partly imbedded, may be readily injured when passing the aneurism
needle. The direction given to the needle should be from below and
external upwards and inwards, keeping closely to the artery to avoid the
pleura, pneumogastric and cardiac nerves, all lying to the outer side.

It proved necessary in one case to remove the inner part of the clavicle.
The removal of the manubrium sterni, or a portion of it, has also been
suggested, in order to give the necessary room.

Another plan is worthy of mention, for, although 1 do not know that
it has been practised on the living subject, it is of easy accomplishment
on the dead. It consists in taking advantage of the close relationship of
the innominate with the trachea, the possibility of separating the sternal
muscles in the median line without dividing them, and the absence of any
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proposed by Brasdor in 1790, or in accordance with the increased scope of
the method recommended by Wardrop in 1822 ; a ligature may be placed
on either the carotid or subclavian or both, for the relief of aneurism
involving the innominate artery or the aortic arch. Desault approved the
principle, but Deschamps, his contemporary, first performed the operation
in France. - The results of the distal operation have hitherto proved
unfavourable. Ligature of the carotid artery alone appears to be less
effective in innominate aneurism than ligature of the subclavian in its
third stage. It is probably best to ligature both arteries in succession at
an interval of some weeks. This operation has been performed about
2 dozen times. The larger number survived but a short period. In two
cases benefit is stated to have followed. C. Heath performed the operation
in a case of supposed innominate aneurism, but really aortic. He tied
simultaneously the right carotid and subclavian arteries: the patient
survived four years. In cases operated on by Barwell and others patients
have sutvived for shorter periods. It may also be necessary to secure the
carotid artery during operations for removal of tumours in the neck or as a
preliminary step to their removal. The first operation on record was per-
formed by Hebenstreit, who ligatured the common carotid artery successfully
in consequence of injury to the external carotid during the removal of a
scirrhous tumour from the neck. For punctured and other wounds of the
face and neck, either gunshot or suicidal, ligature may be needful. For
haemorrhage following gunshot injuries of the upper and lower jaw, the
artery has been frequently tied. The rate of mortality after ligature for
gunshot injury is very high. Aneurism by anastomosis in the orbit, and
upon the head, and aneurism of the middle meningeal artery, have also
been treated by deligation of the vessel. The same treatment has been
adopted, a score of times perhaps, for the cure of epilepsy, but although
the mortality was not great the operation exerted but small influence upon
the disease. The object for which it is undertaken is to diminish the
supply of blood to the dilated capillaries of the medulla. This will be as
efficiently accomplished by the ligature of one or both vertebral arteries,
as has been recently proposed. Sir Astley Cooper, In 1805, ligatured the
carotid artery for aneurism for the first time,

Surgical Anatomy.—The common carotid arteries in the neck are
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quite similar in course and position on the two sides of the body : they
vary, however, in their place of origin. The artery arises on the right side
from the innominate (Fig. 61), opposite the sterno-clavicular articulation,
and on the left from the highest point of the arch of the aorta. Passing
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F16. 61.—Surgical anatomy of the neck.

upwstrds the vessels slightly diverge, and finally divide into the external
and.mtemal carotid arteries opposite the upper margin of the thyroid
curt:ls.lge, a point corresponding to the third cervical vertebra, or about
one inch below the angle of the jaw. I

. The artery not infi
bifurcates a y infrequently

little higher, sometimes as high as the hyoid bone, and
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occasionally even higher, less frequently lower. The common carotid 1s
often’crossed near its bifurcation by a communicating branch between the
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F1G. 62.—Surgical anatomy of the neck.

facial and the anterior jugular veins. Below this point, the superior

thyroid vein and sterno-mastoid branch of the superior thyroid artery lie
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above the level of the cricoid cartilage to the notch of the sternum, divide
the integuments, platysma, and deep fascia, draw the sterno-mastoid
muscle outwards. It will be necessary to divide the sternal origin of the
sterno-mastoid, and the sterno-hyoid and sterno-thyroid muscles if the
vessel have to be secured low down, and then the sheath will become
sufficiently exposed. When a ligature has to be applied a little below the
crossing of the omo-hyoid, these muscles need only to be retracted
towards each margin of the wound.

Now seek the artery, and open its sheath near to the trachea. Pass
the needle from without inwards. On the right side the vein is not in
danger of injury, but on the left it will overlap the artery (Fig. 62).

The vessel may be readily tied where the omo-hyoid crosses it opposite
the cricoid cartilage. In this case the muscle may be either pushed aside
or, if in the operator’s way, divided without hesitation. The division of
the artery into portions above and below the omo-hyoid is perfectly
arbitrary, and without anatomical importance. The surgeon will apply the
ligature to that portion of the vessel which the circumstances of the case
demand, irrespective of the position of the omo-hyoid muscle.

Cerehral symptoms, of which the most common is hemiplegia of the
opposite side of the body, frequently follow the operation, and are a
common cause of death. Suppuration of the aneurismal sac is sometimes
a consequence of the operation, as also secondary haeemorrhage.

A few cases are recorded in which both common carotid arteries were
tied, with an interval between the operations. Judging by the cases
published, the mortality has been, comparatively speaking, small.

.The collateral circulation is very abundant ; so much so, that pulsation
may very shortly reappear in the sac. The blood comes almost en-
tirely from the branches of the subclavian on the same side of the
neck (Fig. 56).

Collateral Ciradlation. (Fig. 56.)
CARDIAC SIDE. DISTAL SIDE.

Inferior thyroid from thyroid axis of } Sl Superior thyroid of external
subclavian | fff?’ﬂﬂtf : SR oo

Profunda cervicis of superior inter- . Princeps cervicis of occipita
:ﬁ:m! } with { deep branch.
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accessible, and the wound made in order to reach it would, of necessity,
divide thz more imimrtant branches of the facial nerve.

The incision which is made to secure the external carotid also suffices
for the ligature of the superior thyroid artery, and somewhat higher up for
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Fic. 66.—Diagram illustrating the position of the external and internal carotid
arteries, and principal branches of the former.
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It is slightly anterior and internal to the external carotid artery, and is
covered by the skin, platysma, cervical fascia, and some small veins, also

by the sterno-hyoid, sterno-thyroid, and omo-hyoid muscles, and a branch

from the descending cervical nerve. It may arise from the upper part of
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F1G, 67.—Principal branches of the external carotid artery.

the common carotid artery, or in common with the facial or lingual
arteries.

Guide.—The inner edge of the sterno-mastoid muscle.
Operation.—Make an incision an inch and a-half in length along the
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inner border of the sterno-mastoid. The centre of the wound should
correspond with the thyroid notch. After the superficial structures have
been divided a plexus of veins will be exposed. They will probably
require to be tied and divided. The artery may then be readily exposed,
and a ligature applied at the required point, which will vary between half
an inch below or above the level of the bifurcation of the common carotid.

LIGATURE OF THE LINGUAL ARTERY.

Indications.—The vessel may be tied for lingual heemorrhage, and as a
preliminary to excision of the tongue. It has also been ligatured to arrest
the growth of cancer, and in cases of macroglossia.

Anatomical relations.—The origin of the lingual artery (Figs. 66; 67)
is nearly opposite the great cornu of the os hyoides, a little above the
origin of the superior thyroid artery, or from half to one inch above the
bifurcation. It may arise in common with the superior thyroid, or with
the facial artery. It first ascends a little, and then passes inwards on the
middle constrictor of the pharynx and genio-hyoglossus to the outer edge
of the hyoglossus muscle, with a concavity downwards, the curve lying
above a corresponding convexity in the course of the superior thyroid
artery. It next passes upwards and forwards beneath the digastric, stylo-
hyoid, and hyoglossus muscles, the last separating it from the hypoglossal
nerve, which at first lies a little above it. The dorsalis linguz is given off
just in front of the posterior border of the hyoglossus muscle. The
continuation of the artery, now often called ranine, ascends to reach the
base of the tongue, and then passes horizontally forwards between the
genio-glossus and lingualis muscles, above the frenum. In this stage it
comes into close relation with the hypoglossal nerve. In the first stage
of its course the artery is tortuous, covered by the skin, platysma, cervical
fascia, lymphatic glands, plexus of veins, and by the submaxillary gland,
more especially in old people. The hypoglossal nerve, the digastric
muscle and its tendon are superficial to it. In the second stage it is
covered in addition by the hyoglossus mwscle. Two ven® comites
accompany the lingual artery, and a satellite vein follows the course of
the lingual nerve. The ranine vein lies on the inferior surface of the
tongue superficial and external to the third stage of theartery. The artery
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ficial. Near the ankle-joint we may expose it by operation, but it is very
undesirable to seek it at a point where it is crossed by the extensor
proprius pollicis tendon and covered by the annular ligament. The
operation is rarely performed. Spontaneous aneurism of the arteries below
the knee is very uncommon. Those of the dorsalis pedis acquire especial
interest from the fact that they frequently implicate the tarsal joints.
T'raumatic aneurisms are occasionally observed.

Surgical Anatomy.—The artery first pierces the upper portion of the
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External saphenn V., and conununicans poplitel .

F1G. 78.—Transverse section through the middle of the right leg.

interosseous membrane about the level of the lower margin of the tubercle
of the tibia, and upon this membrane it afterwards lies in the upper
two-thirds of its course. It is accompanied by two veins. The anterior tibial
nerve is closely applied to the vessel thronghout (Fig. 77). In the lower
third, as it descends on the outer surface of the shaft, and the front of the
lower extremity of the tibia, it becomes more and more superficial. Where
the artery lies upon the interosseous membrane it is very deeply placed. In
front of the ankle nothing but the skin and fascial layers cover it.

In the upper fourth of its course the artery lies between the tibialis
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cases of popliteal aneurism over ligature of the femoral artery in Scarpa’s
triangle, in respect of a lesser liability to gangrene of the limb and a
greater certainty of obliterating the aneurism, while the improved methods
of wound treatment minimise the serious risks which it seemed formerly to
entail.

Tensor vaginme femorts.

=== Popliteal V.

External popliteal M.
Popliteal A, .. S &

Semltendinosus M., .. . il ¥
- Biceps tendon,

Semi-membrancsus M.

Gracilis tendon. - - == EXteiral peplitenl K.

Sartorius M,

. I - Duter head of gastroenemins M.
Inner head of gastrocnensfus M. - ----c=afeipnt

External saphenous 5. and V.

F1G. 82— Anatomical relations of the right popliteal artery.

Surgical Anatomy.—The vessel, about six inches in length, extends
from the opening in the adductor magnus muscle to the lower border of the
popliteus. It is covered by skin, superficial and popliteal fascia, and much
fatty areolar tissue, and overlapped above by the semi-membranosus
muscle. The vein is thick-walled and closely adherent to its superficial
surface, projecting externally above, and to the inner side below, the internal
popliteal nerve is superficiul to both. In the centre of the ham the nerve
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of the fascia lata, and at the upper part by the crural sheath, but it will
Pe more or less covered by the sartorius at the apex of the triangle accord-
ing to the muscularity of the subject (Figs. 87, 89).

Operation,—Ligature of the superficial femoral, near the apex ot
Scarpa’s triangle is the proceeding generally adopted. The hip having
been slightly flexed and the thigh everted, the artery will easily be reached
by an incision, three inches long, in the line of the vessel (Fig. 88). Its
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F1G. 8g.—Transverse section of the thigh at the apex of Scarpa’s triangle.

centre should correspond to the apex of the triangle, and in this position
the ligature ought to be applied. Ascertain the position of the internal
saphena vein, and avoid it. After dividing the skin, fascia, and fat, seek
the inner border of the sartorius, and draw the muscle outwards. Avoid
the crural branch of the genito-crural nerve, the internal cutaneous and
long saphenous nerves, and the nerve to the vastus Internus, which follow
more or less closely the line of the artery. Open the sheath of the vessel
towards the outer side, and thoroughly expose it by teasing through its
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LIGATURE OF THE COMMON FEMORAL ARTERY.

Indications.—Wound, aneurism, and as a preparatory step to amputation
at the hip-joint.  Ligature of the common femoral artery near Poupart’s
ligament and above the origin of the profunda is easy. The artery is com-
paratively superficial, but the operation is by no means a successful one.
Secondary hmmorrhage and gangrene of the limb seem to have very
frequently followed it. It appears to be more dangerous to tie the vessel
between the origin of the deep epigastric and the giving off of the
profunda, than at either above or below these points.

Surgical Anatomy.—The vessel extends from Poupart’s ligament to the
origin of the profunda. Its usual length is one inch and a half. It is
quite superficial, being covered only by the skin, subcutaneous areolar
tissue and fat, superficial and deep fascie and lymphatic glands. It rests
over the inner anterior aspect of the hip-joint, being separated from it by
the inner margin of the psoas. The vein is internal, and when full overlaps
the artery. ‘The anterior crural nerve is outside the common sheath and a
quarter of an inch external (Fig. go), the nerve to the pectineus forms a
posterior relation.

Guide.—Line already indicated.

Operation.—Make an incision, two inches long, over the course of the
vessel, commencing just over Poupart’s ligament (Fig. 88). Divide the
skin and superficial fascia, avoiding the lymphatic glands and saphena
vein. Cut through the cribriform fascia and fascia lata, and carefully
isolate the artery close to Poupart’s ligament. Pass the aneurism needle
from within outwards. Avoid including the crural branch of the genito-
crural nerve, which lies on the sheath of the artery. Tie the artery as far
as possible from the variable origin of the profunda. The vein lies
immediately internal, but separated from the artery by a septum in the
sheath. The distance at which the profunda is given off is, as a rule, one
inch and a half below Poupart’s ligament, but it may be one inch only, or,
in some cases, quite at the level of the ligament. The deep epigastric and
deep circumflex iliac arteries sometimes arise below Poupart’s ligament
the usual position being immediately above. Some surgeons have pre-
ferred to expose the vessel by an incision parallel to and just below
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]?uclic artery is first posterior and then internal to the great sciatic nerve. It
lies behind the root of the spinous process of the ischium and the external
rotators of the hip. The pudic artery is at first somewhat external to the
sciatic. Opposite the spine of the ischium it crosses in front of it to the

F1G. 95.—Position and direction of the superficial incisions which must be made
to secure the gluteal artery and the seiatic or pudic arteries.

C. Tuberosity of the ischium.

A. Posterior superior iliac spine.
D. Anterior superior iliac spine.

B. Great trochanter.

A. B.—Ilio-trochanteric line, divided into thirds. This line corresponds in direction
with the fibres of the gluteus maximus muscle. The incision to reach the gluteal
artery is indicatediby the darker portion of the line. Its centre is at the junction of
the upper with the middle third of the ilio-trochanteric line and exactly corresponds
with the point of emergence of the gluteal artery from the great sciatic notch.

A. C.—Tlio-ischiatic line. The incision to reach the sciatic or internal pudic artery is
indicated by the lower dark line. Tt is also to be made in the direction of the fibres
of the gluteus maximus muscle. The centre of the weund corresponds to the junc-
tion of the lower with the middle third of the ilio-ischiatic line.
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Anatomical Relations.—The position and relations of this vessel are
very constant. The length is variable, the average being one and a half to
two inches. The artery passes obliquely downwards and outwards from
its origin at the bifurcation of the aorta upon the lower part of the fourth
lumbar vertebra, to divide into the external and internal iliacs opposite
the junction of the last lumbar vertebra with the sacrum, where it is
usually crossed by the ureter (Figs. 96, 97).

F1G. g6.—Direction of the common and external iliac arteries and the position of the
superficial incisions adopted for their ligature. On the right side is that for the
external iliac, and on the left side that for the common iliac artery.

As a rule the vessel gives off only very small branches. The right
common iliac is somewhat longer and larger than the left, and runs
obliquely outwards across the bodies of the fourth and fifth lumbar vertebrz,
from which it is separated above by the two common iliac veins at their
entrance into the vena cava. The right vein is the shorter and the left
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146 FIGATURE OF ARTERIES.

bifurcation is the most accessible. The aorta bifurcates upon the lower
part of the body of the fourth lumbar vertebra, a little below the umbilicus,
either in the median line, or to one or other side, more frequently to the
left. The portion of the artery below the origin of the inferior mesenteric
(Fig. 97) is covered by the small intestines, mesentery, and branches of
the aortic plexus of the sympathetic. It is separated from the vertebrz by
the left lumbar veins. The vena cava lies to the right side and slightly
behind it. _

Operation.—The artery was first ligated by Sir Astley Cooper, in 1817,
for an aneurism of the left external iliac. The patient died, apparently of
peritonitis. Antiseptic precautions will in future exclude or very greatly
diminish this risk. The vessel may be exposed, according to Cooper's
plan, by an incision about four inches long through the abdominal wall in
the median line. Its centre should correspond to the umbilicus. The.
incision must skirt the left side of the wmbilicus to avoid injuring the
round ligament of the liver, and the remains of the urachus. The intes-
tines having been pushed aside, the posterior peritoneal layer is to be
divided, and the artery exposed. Pass the aneurism needle from the right
to the left side.

Another method is that by left lumbar incision. In this the peritoneal
cavity is unopened; but the extreme depth of the wound renders the
necessary manipulations very difficult. The incision extends from the
extremity of the tenth rib downwards for five or six inches to a point an
inch internal to the anterior superior spine of the ilium. The abdominal
muscles having been cut through seriatim, the transversalis fascia is exposed
and carefully divided, tlie peritoneum is then gently detached and raised
up in the direction of the middle line until the vessels are found. The
first to be exposed will be the common iliac artery, and this is to be
traced upwards till the aorta shall be reached. The wound so formed is
very deep, but it has the advantage of not opening the peritoneal cavity.
Care should be taken not to include the aortic plexus in the ligature. In
animals when this plexus has been included in the noose, the lower
extremities are paralysed, and death speedily follows. The operation has
never been successful, and the occurrence of circumstances justifying
recourse to it must be exceedingly rare.
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