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LIGATURE OF "1:31[: IN‘FDI‘-‘HNA IijARTFRY WITH THE REPORT OF A CASE!

ny IIH:II'I"h ] L. BURRELL, 3.1, BOSTON,

Surg ﬂﬁrm m;-mq-.m *u

Tag ligature of the i :mm
fatal an operation that it had been questioned whether
the operation is justifiable or not. This leads me to
record this case. Some of the accounts of attempts
to ligature the artery describe such difficulties of
technique, as, for example, in the article by Mitchell
Banks, that any surgeon hesitates before performing
this hazardous operation. The literature of the sub-

ct is not large, but it is filled with an almost uu-

roken record of fatal results. The causes of death as
the result of the operation have been three: [first,
ghock : second, hemurrhage, nsually from the dmml
end of the artery ; and, third, sepsis.

The operation of ligature of the innominate artery
has been done twenty-nine times, including my own
case. Twenty-six were performed for avneurisms of
the subclavian artery, generally 1llvul'ir|1:|g the junetion
of the carotid apd ifuwnominate arteries; and three
times it was done for trauma — of these ove was for
hemorrhage from the subelavian, one for hemorrhage
from the axillary artery, and one for secondary hemor-
rhage following ligature of the subclavian.

Erm cages are reported as recoveries ; the first was
Smyth’s of New Orleans, 1864. The patient lived ten
years, but finally died from hemorrhage from the sac
of the original apeurism. The second case was
Lewtas’, of India, 1589, who reported a recovery at
the end of 43 days. The third was Coppinger's, of
Dublin, 1893, who reported the patient well at the end
of 42 days. Graefe, of Berlin, in 1822, reported a
case which died on the 68th day of hemorrhage.

The success of an operation must be considered as
applied to an individual ease. If my own case had
been reported at the end of 50 days, it would go on
record as a successful case.  In the light, however, of
Graefe's case that died from hemorrhage on the 63th
ﬂij', it is too early to report a recovery on the 42d or

In my own case the patient lived 104 days.
adybeian up and about for a number of weeks at-
l.amll to his affairs, and died of hypertrophy and
dilatation of the heart and general arterial sclerosis.
The innominate artery was closed and the aneurism had
shrunken. The patient might have lived for a long time
80 far as the ligation of the inpominate was coucerned.

The success of this operation may be measured by
the question whather the patient lived longer and with
more comfort than without operation. I believe (it is
unfair to assert) that the patient lived as a result of
the operation in more comfiort and a longer time than
he would bave without operation. With the foregoing
qualifying statement 1 beg to record the case as one of
recovery, with death resulting from other causes on
the 104th day.

Appended to this article is an epitome of the
recorded cases of ligature of the innominate artery.

The various materials which have been used for
securing the vessel are as follows : silk, hemp, catgut,
ox-aorta, kangaroo tendon, and a clamp combined with
acupressure.

n the majority of instances the method of exposing
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the wessel has been the obvious one of making an in-
cision along the iwner border of the lower part of the
sterno-cleido-mastoid muscle, combined with a division
of at least a part of this muscle.

At the time this oparation was done [ auplmacﬂ that
the removal of a portion of the sternom and the
sterno-clavieular articulation was a new procedure, but
it has been found that Cooper, of San Francisco, twice
used this method of exposing the artery. Bardenhener
has also a number of times resected the manobriom,
the sterno-clavicular articulation and 51urLEm|s of the
first and second ribs, in order to remove with safety
large tumors at the base of the neck. He iz convineed
that ligature of the innominate artery canvot be done
with safety unless a free access to the artery is obtained.

It seems clear that the removal of that part of the
sternum which owerlies the innominate artery muost
allow the operator accurately to place a ligature in a
far more satisfactory manner than if the ligature is
slid down in the dark behind the sternum.

The medical history of this case was the following :
The patient, a male, R. F., was fifty-four years of age,
married, a clerk, aml was under the care of my
cnlleague, Dr. A. L, Mason.

The family history was as follows: The father
died of old age; the mother, a brother and one sister
died of consumption ; three sisters are alive and well.

The present history is as follows: The patient had
always been well until two years ago when he noticed
a little shortness of breath. He had pever had any
venereal disease, rheomatism or chorea. He lhad
never worked wery hard, nor was he of a nervous
temperament. About eighteen months ago he noticed
a “lump in his throat " on the left side, which, on
exertion, seemed to throb and to choke him. There
was no pain. The lump has increased in size but very
little. About a furl;.uigl:r. previous to entrance he had
to walk some distance, sinea which time he has had a
good deal of dyspnea and the choking senszation has
increaged. The patient sleeps well, his appetite is
good, his bowels are regular, and there is no palpita-
tion of the heart.

l"li}ra.ica] examination : The patient is waell de-
veloped and nourished. The tongue is clean, The
pulse is regular, of good strength and volume. The
heart area is enlarged one finger's breadth to the right
of the sternum. The apex is in the fifth interspace,
one-half inch to the outer side of nipple. Over the
entire precordiz i heard a blowing systolic and a
sharp diastolic murmur, especially well-marked over
the aortic region. This is transmitted opward and
outward into the axilla, and is heard also faintly over
the back at the level of the sixth dorsal spine. There
is & marked pulsation of the vessels of the right side
of the neck, where there can be made out a well-
marked, expansive thrill and & systolie broit (Fig. 8, a).

Lungs: Good resonance and respiration over all.

Liver : Duluess from fifth rib to one inch below
the costal border.

Spleen : Area not en]argr;d, H[lgL’ not felt.

Abdomen : Lax, tympanitic, not tender,

¥ tremities: There iz a well-marked pulsation in
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the wessels at both elbows and wrists, and also in lhll1-
posterior tibial artery behind the internal malleoli, es- |
pecially oo the right side. At these places a faint
pyatolic murmur ean be made out synchronous with
the heart's action. No edema.

Examination of eyes negative.

Urine: 1.016, pale, acid, no sugar, slight trace of
albumin. No examination of sediment recorded.

Temperature normal.

After consultation with Dir. Mason it was decided to
explain to the patient the serious character of his con-
dition. The man was told that an operation could be
done which might benefit him. He decided to do
whatever was thought or found best for him to do. It
was decided to expose the pulsating tumor in the neck,
and to place ligatures proximally, if possible, distally,
if necessary, to secure the closure of the aneuriam.

On January 15, 1895, ether having been adminis-
tered, and in the presence of my colleagnes at the
Boston City Hoespital and a large number of physicians
and surgeons, and the third elass of the Harvard
Medical School, the following operation was carried
out with the co-operation of Dr. H. W. Cushing:

An inecision was made at the anterior edge of the
right sterno-cleido-mastoid muscle extending from the

g
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B, Line of dulness.

A, Limsit of thrill . Arsn of heart’s dulness.

level of the erieoid uurti]a.gll to two inches below the
upper border of the sternum. From this point another
incision extended outward four inches in lemgth to the
junction of the outer and middle thirds of the clavicle,
T'his skin flap with the fascia and '[ll.l]'l!._\'ﬂl.'l:lu. muscle was
turned hack. The steruno-mastoid was severed close to
its ingertion into the eclaviele and sternum.  The
sterno-thyroid, sterno-hyoid and omo-hyoid muscles
were also divided. This I:ruugl:t to view a fousiform
anenrism in the rigl]l subeclavian and riglll‘. caratid ar-
teries, exteniling down and on to the innominate. It
wius believed that EII.I'.'.III;_:II of the innominate could be
exposed to place a ligature between this fusiform
anenrism and the aorta. HJ.' means of a half-ineh
trephine operated by a surgical engine the right sterno-
clavicular articulation and the right half of the notch

of the sternum for about an ineh down from the top
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were honeycombed. The bony parts were by this
means weakened and the removal of the artieulation and
the piece of the sternum was easily completed by bone
forceps. A flat copper retractor was elid underneath
the sterno-clavicalar articulation and the sternum while
the trephine was being used to protect the underlying
parts.

Throughout the operation, and especially in the
removal of the bone, Dr. Cushing’s advice and
assistance were invaluable. When this block of bone
was removed there was exposed the right innominate
vein and the left innominate vein going down to form
the superior vena cava, with the vagus and recurrent
laryngeal nerves resting on the innominate artery, all
plainly to be distinguished. The wound at this time
was filled with bubbling air which bad been sucked into
the areolar tissue which surrounds the great vessels
at the base of the neck. Its presence was omiunous,
and it was felt at this step by all of those who were
present that if any large vein were pricked a-fatal
result would be inevitable. Precautions wera taken
to prevent the entrance of air by keeping the wound
filled with sterile water.

The exposure which was given by the removal of a
part of the sternum and the sterno-clavicular articola-
tion was extremely satisfactory, and I can hardly
understand how a ligature can be placed on the
innominate artery with any safety without a clear view
of the anatomical structures involved. The undulating
innominate veing and vena cava, the i|11pn:|-'ta.nl;. Trecur-
rent laryngeal and vagus merves, the tracheal tog on
the artery, the close proximity of the right pleura and
the expansile pulsation of the artery itself, all make
conditions which require delicacy in manipulation and
accuracy in regognizing all structures.

The sheath of the vessel was opened and the in-
nominate artery was isolated. Then came the problem
of how the ligatures should be passed. The rule, of
course, is to pass the ligature away from danger.
This was impossible, owing to the size of the vessel
and the faet that it was surrounded by important
structures on every side. The separation of the sheath
of the artery was finally completed by means of the
forefingers placed on either side of the vessel. The
artery was estimated to be one and & quarter inches in
circumference. The ordinary curved aveurism needle
was too amall te pass about the vessel, and the blunt
Emint of the ansurism needle, it was felt. might wound
important structures posterior to the vessel. A flat
{(three-guarters of an inch in wi:'l:h] copper spatulu.,
curved on itself, was passed about the vessel. As soon
as this COpper .spu.tula was iu |1oﬁiaiun, a flat braided-
silk ligature was passed around the vessel by an
aneurism needle and tied in a square kunot. It was
feared that the extra turn in the first part of a
surgeon’s kuot might tear the wessel. Fully three
minutes were taken in secaring the first ligature.
Gradually it was drawn tighter and tighter ontil the
circulation was completely eut off. The coats of the
vessels were felt to give way while tying this first
ligature which was placed three-quarters of an inch
from the aorta.

The second ligature of silk was placed in the game
manner one-half ineh higher up, but was not drawn as
tightly as the other, for the coats were felt to give
way and the possibility of a tear of the innominate
artery was recognized. Both ligatures were tied in
square knots and cut short. It was my intention to



(5]

LIGATURE OF THE INNOMINATE ARTERY. )

sever the innominate artery between these ligatures,
to place the vessel at rest by avoiding the tracheal tug;
but the size of the vessel and the feeling that came to
my fingers while tying the second ligature that the
artery was not completely closed at this peint, led me
to give up this step in the operation.

he u'rerlj'iuy, muscles were sutured in ap-
proximately their original positions, aud the wound
was closed as rapidly as possible. An aseptic dressing
was applied. The operation lasted one hour and a
half. The pulsation was gone from the peck and
from the right carotid and radial arteries. The right
Ar Was wrapp»ed in eotton wuliding, and hatltlug'aﬂ i
maintain its temperature. After the operation the
right pupil was more dilated than the left and reacted
more slowly to light. There was a relative anemia of
the rffht tympanic membrane. Had very little shock,
very little pain.

On the second day the patient was remarkably com-
fortable. He was given one.eighth of a grain of
morphia every four hours to secure rest. Pressure on
the finger-nails of the right hand showed a slight
return of circulation, The right pupil had become the
game in size as the left. The patient bad a slight
backing cough.

3d du_',': Urine normal, with exuepl:.im:l of high color.

dth day : The patient was comfortable ; some mucus
collected in the throat. It was feared that the efforts
at expectoration would disturb the healing of the
ligated artery. Free catharsis was established by salines.

oth day: The finger-tips of the right hand showed
a pink color. The fingers could be moved a little.

bth day: The wound was dressed. Violent pulsa-
tion could be seen oear the sternpm. An extremely
small, but yet distinct, radial pulse could be felt. A
few sutures were removed. Union had oecurred by
first intention. The patient was remarkably self-con-
tained and obeyed instructions,

7th day: The prickly sensations and pumbness in
the arm and hand which were present for the first
three days had wholly disappeared.

8th day : The patient has bad tincture of digitalis
(ten drops every four hours) and atropine (one-
hundredth of a grain three times a day) since operation.
The digitalis was now administered every six hours.
A feeble pulse in the right radial artery could be felt,
but it was distinetly later than the pulse in the left
radial. Subjective senzations of warmth and heat in
the right arm and hand eould be felt, also slight prick-
ling eensations.

9th day: Some headache. Complained of general
prantus, which was relieved by alcohol baths. Atropia
omitted ; digitalis redoced to ten drops three times a
day. Attempts were made to secure sphygmographic
tracing of the right and left radial pulse, but the
pulsation was so feeble on the right side that no
record could be obtained.

10th day : Wound was dressed; all the sutures
were removed ; union by first intention had occurred
except for a small granulating area at the angle of the
wound over the sternum.

12th day : Patient has been reading papers for
several days. Complained of some pain in the region
of the wound, which he attributes to the ineision.

16th day: The right arm was still in a protective
dressing, but could be used considerably.

17th day : Wound of neck firmly closed,

19th day : The patient could now move ahout iy

bed somewhat, and eould lie on the left side. Arm
atill kept in protective dressing,

37th day : Patient wished to get out of bed, saying
that he was relieved of all the symptoms for which he
came into the hospital.

40th day: All ecardiac stimolants were omitted.
From the 43d to the 47th day the patient had a slight
attack of tongillitis, from which he guickly recovered.

52d day: All protection to the arm was removed.

33d day: The right arm was swollen. There was
no pain, but there was still a sensation of numbuess in
the arm.

a%th IIH.}"I The arm remained swollen for three or
four days. Patieot sat up in a chair for four hours.

60th day : The loss of strength in the right arm was
felt more than when he was in bed.

62d day : Walked up and down the ward without
fatigue.

63d day : Complaived of slight pain at the seat of
operation. Conld uese his right arm Lo write.

G9th day : Walked over to the operating theatre,
and was shown at the clinic without inconvenience to
himeelf. '

73d day : The patient had been up and about ward
for over a week ; slight edema of the ankles occurred
at night. A mitral and aortic marmur could be heard
over the cardiac region. Just over the right sternal
notch a pulsating tumor could be felt, which was
probably the ligated innominate artery. Pulsation was
not transmitted into the carotid. There was a fair
pulse in the right radial, which was constantly in-
creasing in strength and volume. No vertigo or other
gymptoms of cerebral anemia were pregent. e was
discharged at his own reguest, and was ordered to
take digitalis from time to time.

83d day: The patient walked abouot, attending to
some minor matters of business. Yesterday he walked
up and down a hill a quarter of o mile in ]Etrgbil. He
was feeling well and was gainiog in strength daily.

100th day : Came to town again to-day. Complained
of some swelling of feet and ankles.  Slight dyspnea.

Oo the morning of the 104th day, baving been
perfectly comfortable during the preceding day, the
patient sat up in bed, complained of shortness of
breath, became very pale, his face was covered with
profuse perspiration, and he died in twenty minuates.

The following is the account of the autopsy by Dr.
W. T. Councilman :

The body is large, strongly built, well nourished and
pale. There is a punctured wound, evidently made by the
undertaker, on the left side of the sternum between the
third and fourth ribs. A similar puncture in the abdomen
to the left of the median line. No preservative fluid had
been injected.

On the right side of neck there are two smooth cieatrices,
one commencing & cm. above the claviele and to the right
of the sterne-cleide mastoid and extending a little below
the upper extremity of the sternum in the median line.
Another cieatrix of the same length commences at this
soint and extends along the upper ml%ﬂ of the clavicle.

"he skin is tightly adherent to a mass of indurated tissue,
chiefly at the angi,e of junction of the two cicatriees.  There
iz a slight depression corresponding to the right sterno-
clavieular articolation.

The abdominal cavity contains a considerable amount of
clear fluid. Peritoneum everywhere smooth, liver and
splecn free from adhesions.  Diaphragm in normal position,

The upper lobe of the right lung iz free from adhesions,
both the pavietal and the visceral plenra smooth and
glistening, The lower and middle lobes firmly adherent.



1 LIGATURE OF THE INNOMINATE

ARTERY.

The left lung is adherent over lower lobe and the [n:m'q_-,-rll

portion of the upper. In both lungs there is considerable
mduration of ti.IE apices. The sorface i3 somewhat
puckered, the plenra thickened, and band: of indurated
tissie extend from the pleura toward the hilus. In this
indurated tissue there are a few small cazeous and partly
calcified nodules. This conditien is more marked in the
right lung than in the left. ‘The tissue of both lunss
hyperemic and firm. The large vessels of lung and bronchi
normal.

The pericardiom iz smooth. The bheart is greatly
hypertrophied. In the wall of the left ventricle there is a
punciured wound made by the undertaker, which pazses
throngh the wall of the ventricle and has lacerated the
acrtic and mitral valves, The myocardium is normal.  All
the cavities of the beart, particularly on the left side, are
dilated. The valves are smooth and normal.  The
coronary arteries are dilated, the lomen irregular, and hore
and there in the walls there is marked thickening of the
intimp. The aorta in its eotire extent and the large
arteries coming off from it are greatly dilated and thick-
ened. The most marked dilatation of the aorta is in the
ascending  portion, and more on the right side. The
thickening of the arteries is duc to the formation of
irregular IE‘h'!.'a]'me: masses in the intima. In places these
1111151-:.5 arc vellowish and opague, but there iz no
calcification in any part.

The measurements of the aorta are as follows: Just
above the orifice, 10 cm. in circumference: at the most
dilated portion in the middle af ascending portion, 12 cm. ;
in the middle of arch, 10 ¢m. ; and at the beginning of the
thoracie, 8 em.

The subclavian artery of the right side {(Fig. 1) is
thickened and greatly dilated. The intima iz smeoth. and
shows a few yellowish foei. The dilatation affects the
circumference of the artery equally. At the commence
ment of the axillary artery it is 2 1-2 em. in circumference,
and at the point of greatest dilatation is 4 em. The lef
subelavian is 3 em. in circumference, and the carotids on
both sides 2 om.  There is a general dilatation of the
ilinc arteries; and in the right common iliac, just beyond
its origin, there is a circomseribed dilatation affecting
chiefly the posterior wall.

There is considerable firm cicatricial tissue aronnd the
innominate artery and the beginning of the right subclavian
and carotid. The innominate artery is completely clozed
just at the origin of the subelavian and earotid (Fig. 1, a).
A little firm fibrin iz adherent to the artery at the point of
closure. “The orifice of the innominate artery (Fig. 2, a)
is considerable dilated.  Above the orifice it is still more
dilated, the dilatation affecting equally the circomference
of the artery. At the orifice it is 4 cin. in circumference,
and at the greatest dilatation 6} cm.  The arery s
thickened irvegularly, the intima =mooth and free from
fibrin; & cm. from its origin the calibre is narrowed. At
this point there is a sharp, angular projection of the wall
into the artery (Fig. 2, &),  In the angular projection the
media of both sides, closely united to each otiier, can be
made out. At the point of the angle they appear to fuse
into one another and are lost in some hyaline cieatricial
tissue.  The angular projection is only scen on the anterior
part of the artery. There is a line of cicatricial tissue
which iz continuous with the apex of the projection and
extends aronnd the eotire artery.  Toward the right side
of the artery there iz a ligature (Fie. 2, ¢) within the
lumen of the artery. The Ligature forms a loop with an
inzide diameter of 5 mm. There is a distinet knot, and the
ligature is held by one end of the knot, which is enbedded
in the wall of the avtery. Above this point there is a
narrow part of the artery (Fig. 2, ), 1 em. in length,
which extends up to the peint where the artery is closed.

The abdominal organs are normal, with the exception of
a slight degree of chronic iIIiLl‘EGi\'I: vongestion and im;umliml
of the liver, spleen and kidoeys.  The right testicle shows
o marked degree of chronic interstitinl orebitis.  The tissue
i= indurated with bands of fibrous tissue extending from
the tunica into the tissue. The left testicle shows a slighter

degree of induration. A small amoont of fluid in left
tunica vaginalis,

The right sterno-clavicular articulation is removed. The
end of the clavicle is united with the sternum by fibrous
tissue. A part of the costoeclavicular ligament remains.
A part of the clavicle and the right side of the upper

exiremity of the sternum are removed (Fig. 4).

ANATOMICAL DIAGNOSIS.

General arterio-sclerosis, with dilatation and thicken)
of acrta and large arteries. Circumseribed dilatation
(fusiform aneuwrism) of right subclavian, innominate and
right iliae. Double ligature of innominate artery. Oeclusion
af artery by the upper ligafure, secerance of arfery by lower
ligature with following healing, the ligature remaining wilhin
the artery and (ke confinuily of the lumen being resfored,
Heart hypertrophy and dilazation. Relative insufficiency
of the cardiae valves. Chronie passive congestion of lungs,
liver, spleen and kidneys. Ascites. Plewritic adhesions
over lower lobes of both lungs. Ol tubereulosis of a
of both lungs, with induration. Chronic interstitial orchitis.
Cicairices on neck from operation wound. Loss of
spbstance of sternom and clavicle at articulation. Hﬂ:l-hi'iin..

MICROSCOPIC EXAMINATION.

Sectiens were made from the aorta at various places, and
from the innominate artery, including the projecting spur
at the point where the ligature is adherent (Fig. 2, §).
The sections of the aoria show the same general condition.
The adventitia iz thickened, and areas of round-cell infiltra-
tion are found around the vessels. Many of these cells
have the character of lymphoid cells, others are larger and
epithelioid in character. The media shows changes in va-
rious degrecs,  Small areas of round-gell infiltration simi-
lar 1o those in the adventitia are found and i:l‘l’l].l!!l:l! these
extend from the adventitia into the media. The least al-
teration is found in the media adjoining the adventitia.
Here the normal arrangement of the muscular and elastic
tissue is preserved. Everywhere adjoining the intima
there are various degrees of degeneration. nera-
tion is most marked and cxtends deeper into the artery
opposite the places where the intima shows the greatest
thickening,  In these degenerated places the muscular
fibres are atrnphic. The distinet lamination i= lozt and the
gingle fibres run irregularly in the tissue. The elastic
fibres cannot be made ont.  Between the desencrated mus-
cular fibres there is an irregolar, hyaline-looking tissne
which stains diffusely blue with hematoxylin, The intima
is thickened by the formation of a dense hyaline tissne con-
taining few cufls. The greatest thickening corresponds to
the most marked degeneration of the media. On one of
the sections an interesting condition is seen. At a point
corresponding to a marked clevation of the intima there is
a distinet line of fracture in the media. One end of the
fractured media is turned op and distinet, the other end is
obseurad by the presence ulpgramllar necrotic tissne which
extends from the intima into the spice between the se
rated portion of the media, At this point the media is in-
filtrated with polynuclear lencocytes,

The scctions of the innominate artery (Fig. 5) show an
extreme degree of endarteritis.  The adventitia is thick-
ened, cieatrivial and infiltrated with cells.  There is cellu-
lar infiltration of the medin with well marked degeneration
of the muscular and elastic tissue. The intima is atly
thickened., On the distal gide of the spur (Fig. 5, uﬁium
is a mass of refractive, hyaline-looking tissue containi
much ouclear detritus. In places there iz much hyaline
fibrin, and remains of blood-vessels ean be seen.  In a fow
places the mass is covered by the cells of the intima. At
the beginning of the projecting spur both of the museular
coats in contact with each other can be made out.  Toward
the extremity of the spur both coats pass into hyaline
necrotie tissue. At the lower side at the beginning of the
spur the musealar layer is broken across, one end is con-
tinuous with the spur, the other is adberent to the bend of
the upper portion. All around this aren there ia dense cellu-
lar infiltration which extends from the adventitia into the
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rojection and between the two muscular layers. At this
peint all this tissue is fused into a necrotic hyaline mass.

This ease is one of arterio-selerosis affecting the acrta
and the large arterics. There is everywhere marked de
pgeneration of the media, which has been followed by dilata-
tion of the arteries and thickening of the intima.  There is
& general dilatation, and in places a more circumseribed
fusiform dilatation. One of the sections shows, in addi-
tion to the degeneration of the media, a fracture of this
with separation of the ends. The most interesting feature
of the case from the pathological point of view is the con-
dition found at the proximal ligature of the innominate.
The point where the ligature was applied corresponds to

 the apex of the projecting spur and to the line of cleatrix

in the intima continuous with this. The ligature did not
the artery together equally, but the anterior portion,

ich was probably thinner, was drawn in toward the pos-
terior. There is a fracture of the media which does not

‘correspomd to the line of ligature and which probably re-

sulted from injury at the operation. This ligature gradu-
ally eut its way through the artery and cieatricial tissue
formed behind it. It is most remarkable that the cutling
of the artery by the lizgature should have been so even that
the entive ligature with its koot should lie in the lumen of

Fig, 4.
Sternoclavicnlar articulation, showing loss of substanes of sler.

nmam and end of elavicle oo right side.
the artery. It i3 mot possible that it could have cut
through the artery at the time of its application or shortly
afterwards. This lizature was of great importance in tak-
ing the sirain of the aortic pressure from the distal ligature
until it was included in the firm gicatricial tissue. The
cutting through of the ligature was probably materially
lulil'l‘.agll by the pressure of the blood in the dilated artery.
It is curious that no fibrin should have been fonnd about
the lizgature. It was not examined microscopically, but it
had probably become organized and covered with a smooth

layer of the intima.

The diagnosis of syphilis was made from the interstitial

The case which is here reported seems to teach
some very important lessons, and they are :

(1) That a patient with general arterio-sclerosis

and an enlarged and dilated heart may be kept under
ether an hour and & half, subjected to a severe opera-
tion and recover with but little shock.
* (2) That while the ligation of the innominate
artery is mot of necessity fatal, yet it will always be
an extraordinary operation, fraught with danger from
the cutting off of an extensive area of circulation.
The removal of the sterno-clavicular articulation and
such a portion of the sternum as may be uecessary,
makes the performance of the operation more practi-
cal and one of relative simplicity and safety.

(3) That the absevce of pain or marked discomfore

following the operation, the complete relief of all the
paniunt."n svmptoms and his almost uneventiol FECOVETY
are remarkable.

{4) That the secondary hemorrhages which have
occurred in almost all of the recorded cases were
undoubtedly due to local sepsis, and that the recovery
of this case was due to the accuracy with which it
was possible to place the ligatures and to the asepsis.

(5) That if the innominate is ligated at all, two
ligatures are necessary, one to act as a breakwater by
ohstructing the constantly recurring waves of blood
coming from the aorta.

(6) That the collateral eirculation was principally
established in this case by a downward stream of
blood from the right carotid and vertebral arteries
into the right subclavian artery. That while the fusi-
form anewrism had shrunken, there was very little
fibrinous clot above the second ligature (wide plate).

Fia, 5.
Sackion of innominate artery, throogh &, Figi, 2,
in.

@, Thickening

of intima in artery at o, Fig, 2. Further axpla-

nation in text.

This would lead me in another case of fusiform
aneuriem in this situation to ]igal‘.uru the carotid, if pos-
sible the subelavian in its first part, and, if practical,
the vertebral.

(7) That the unique bebavior of the first ligature
that was applied to the inpominate is perhaps the
most  interesting fact which we learn from this
case. When the inpominate artery was tied some-
thing in the wall was felt to give way. The ligature
gradually cut its way throngh the coats of the vessel,
followed by an inflammation with organization which
prevented a secondary hemorrhage, and fivally rested,
organized and probably covered with a smooth layer
of the iutima, inside the innominate artery. This
places a new fact at our disposal as regards final dis-
position of the ligature.

OPERATIONS.

No. 1. Valentine Mott, New York, 1818, Death, 26ih
day, by hemorrhage. Silk ligature. Operation: A trans-
verse incision just above the clavicle, and earried to the
upper part of the sternum, terminatine immediately over
the trachea, to the extent of three ioches. A second in-
cision, about the same length, extending from the termina-
tion of the first, along the inner edze of the sternoamastoid
musele.  The trinngular flap was dissected back ; cautions
division of sternal part of mastoid, and as much of the
clavieular portion as the size of the wound permitted, and
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the flap reflected up.
and subclavian.

RNo. 2. Gracle, Berlin, 1822, [leath, 65th day, from
hemorrhage. Operation for subelavian aneurism.  Longi-
tudinal incision along anterior edze of sterno-mastoid down
to sternum.  Ligature not deseribed,

No. 3. Norman, Bath, 1824. Demhb, 3d day, from
hemorrhage, Operation for subelavian aneurism. Liga-
ture anid operation not deseribed.

No. 4. Arendt, 8i. Petershure, 1827, Deaih, Sth day,
from sepsis. Operation for subelavian aneurism. Liga-
ture not deseribed. l:l|mrar.i.m1: Incizion three apd s half
inches lonz, on inner border of sterno-cleido-mastoid to
half an inch below border of sternum.

No. 5. Hall, Baltimore, 1830. Death, 6th day, from

Aneurism of innominate, carotid

hemorrhage. Operation for sobelavian aneuarism. Liga-
ture and operation not deseribed. Up and walking about
ith day.

No. 6. Bland, Sidney, 1832, Death, 18th day, from |

hemorrhage. Operation for subelavian aneurism.  Liga-
ture, thread. Operation : Incision made, extending up-
warids about two inches from the inner edge of the sternum,
and about an inch and a half downwards, below the inner
margin of that bone. The sternal insertion of the mastoid
musele was divided, and dissection further prosecuted by
the carcful separation of the fibres of the sterno-thyroid
amd sterno-hyoid muscles in their longitudinal direction.

No. 7. Dupuytren, Paris, 1834 (reported, but not per-
formed by him). IDeath, 34 day, from hemorrhaze. Oper-
ation for subclavian aneurism.  Operation and ligature not
dt!i-el'ibl:l'].

No.8. Lizars, Edinburgh, 1837. Death, 21st day,
from hemorrhage. Operation for swbelavian aneorism.
Ligature not described. Uperation: Incision made, be
ginning at about one ineh over the sternom, and extending
four inches along the inner margin of the sternc-mastoid
musele.  The sternc-hyeid muscle was then carefully
divided, bringing into view the sterno-thyroid muscle,
which was cut across in a similar manner.

No. .  Hutin, Paris, 1542, Death, 12 hours after
operation, from hemorrhage.  Operation for secondary
hemorrhiage after a peneteating wonnd.  Ligatore an
operation not deseribed.

No. 10, Gore, Bath, 1856. Death, 17th day, from
hemorrhage.  Operation for subelavian ancurizm. Hemp
ligature. Operation: Usval longitudinal incision, and
sternal attachment of sterno-mastoid were divided.

No. 11.  Firogoff, 5t. Petersburg, 1856. Death, 48
hours, from probable septicemia.  Operation for subclavian
anenrism.  Ligature and operation not noted.

No. 12, Cooper, San Franciseo, 1859.  Death, 9th day,
probably from sepsis.  Crperation for subelavian anewrism.
After ith day became restless, had dyspnea, retention, eie.,
till death. Ligature not deseribed. Operation : Incision
made, four inches long, in a line parallel, and half an inch
above the upper margin of the elavicle, commencing in-
ternal to the sterno-clavicolar articulation, and terminating
near the anterior margin of the trapezins musele. A trans-
verse incision was then made, commencing a little to the
inner side of the centre of the first, and cxtending upwards,
external 1o the sterne-cleido-mastoid muscle, terminated
two and a half inches above.  The summic of the sternum
and the sternal extremity of the clavicle were removed. |
This barely made room suflivient to enable one to reach
the arteria inoominata, owing to the large size of the |
aneurismal tomor at that point,

Ne. 13, Cooper, San Franciseo, 1860,  Death, 34th |
day, from hemorrbage. Cperation for sobelavian anen-
rism, Ligature not noted. Same operation as before, a
poertion of the sternum and clavicle being removed.

No. 14. Smyth, New Orleans, 1864.  Recovery., Oper-
ation for subclavian aneurism. Carotid and innominate
ligated, and 54 days later the vertebral also ligated.  Liga-
ture not noted.

No. 15. Lynch, 1867. Death, 12ih day, from hemor-
rhage. Chperation for secondary hemorchage afier gun-
shot wound,  Ligature and operation not deseribed,

No. 16, Porter, Dublin, 1867,  Diwed of hemorrhage six
weeks afier. Operation for subelavian aneurism. Liga-
ture not deseribed. Clamp applied to innominate for three
days and then removed. Mott's operation, V-zhaped in-
cision.

No. 17. Bickersieth, Liverpool, 1868, Lleath, Sth day,
from hemorrhage. Operation for subelavian aneurism.
Silk ligature. Operation: The usual trinngular ineision
was made, dividing the sternomastoid, the sternc-hyoid
and the sterno-thyroid muscles. Passed a lead wire around
the innominate and held it by a clamp. Two daye after,
the wire separating, a silk ligature was applied to the artery
in two places.

No.18. A. B. Mowt, New York, 1868. Death, 23d
day, from hemorrhage.  Aneorism burst into pleural cavity.
Operation for subelavian aneurism.  Mott's operation.
Innominate and earotid tied.

No. 19. Partridee, Caleoita, 1870. Death, 1} hours
after, from hemorrhage. Operaticn for secondary hemor-
rhage. Previons operation, ligature for aneurism of carotid
13 days before. Operation and ligature not deseribed.

No. 20, Buchanan. Death in a few minutes from
shock. Operation for subclavian aneurism.

No. 21. 'Grady, Dublin, 1873. Death, 20 hours after
operation, from shoek. Operation for subelavian aneurism.
Ligature and operation not described. HRemoved inner two
inchies of clavicle,

No. 22. Thompson, Dublin, 1882, Death, 424 day,
from hemorrhage. Operation for subclavian aneurism.
Tape ligature of ox-acrta. Two incisions: first, alo
elaviele, beginning with anterior border of sterno-mas
muscle and extending outwards; second, along iuner
border of same muscle, beginning at same place. Sterno-
mastoid, sterno-hyoid and sterno-thyroid divided.

No. 23. Banks, Liverpool, 1883. Death, 37th day, from
hemorrhage. Kangaroo tendon. Operation for subclavian
aneurism.  Innominate and carotid ligatured. Mott's
operation.

No. 24. DBull, New York, 15584, Death, 33d day, from
hemorrhage. Operation for subelavian anevrism.  Innom-

inate, right common carotid and vertebral arteriezs were
all ligatured simultaneonsly with a doable catgut ligature.

No. 25. May, Birmingham, 1886. Death, 13th day,
from hemorrhage. Catgut ligature. Operation for subcla-
viun aneurism. Incigion along inner third of elaviele and
a second down line of common carotid, two mecting in
episternal noteh.  Flap dissected back, and sternc-mastoid,
aterno-hyoid and sterno thyroid muscles divided.

No. 26, Durante, Home, 1887. Death, 16th day, from
hemorrhage and hemiplegia. Operation for subclavian
aneurism.  Maott’s operation. ]Pr:mmlnatc, earotid and
vertebral ligatured.

No. 27, Lewtas, India, 1858 (Mendon Hospital Peujab).
Recovery at report, 43 days after. Catgut ligature.
Operation for hemorrhage following traumatic aneurism of
subelavian. Ligated carotid and innominate. Incision
along  inner border of lower end of sterno-mastoid.
Partially eut sterno-hyoid and sterno-thiyroid.

Nao. 28. ilnp]‘ringe:r, Dublin, 1393. HRecovery when
exhibited at end of 42 days. Operation for subglavian
aneurism. Innominate and carotid both ligated. Cpera-
tion and ligature not deseribed.

No. 20, Burrell, Boston, 1895, Recovery, all symptoms
relieved and patient out and about. Two silk ligatures on
innominate, Operation for fusiform aneurism of carotid,
subclavian and innominate arteries.  Death from arterio-
sclerosis and an enlarged and dilated heart on the 104th
day.

Bardenhener has a number of times exposed the innom-
inate artery amd the contiguous parts by resection of a
pertion of the manubrivm sterni and the sterno-elavicular
articulation, while removing tumors which involve the root
of the neck,  He is convineed from his experience that the
ligature of the innominate ean only intelligently be carried

out by resection of a portion of the sternum and sterne-

clavicular articnlation.

Bujalski, of St. Petersburg, is said to have ligatured tlm-;'
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{ innominate artery twice. No published reports of the
ecases can be found, and they are considercd by most
| authors not sufficiently authentic to be classed among the
| others. Not given by Thom , because he said he could
- not verify them. Given by 1-..3 Fort, also by Velpean.

UNFINISHED OPERATIONS.

| HNo.1. Porter, W. H., Dublin, December, 1851, Pa-
tient up and about when last reported on the Glet day.
| Operation for subclavian aneurism.? Innominate exposed,

| which was greatly dilated. Impossible to put ligature
| around. Wound dressed and healed,
No. 2. Hoffmann, New York, 1539, Operation for

| subclavian aneurism. Exposed the innominate, intending
| to ligature. Finding the vessel so large, he considered it
| inexpedient to procecd and abandoned the operation.

No. 3. Key, London, 1844. Patient died 23d day after
| g}mmnn. Attempted to lizature innominate for aneurism
| of the innominate, but had to desist on aceount of size of
 lumoT.

No. 4. Peixeto, Rio Janeiro, 1851. Silk ligature.
Common carotid had been ligatured previously for a tumor
of the ear, and several hemw&mes msuiﬂng, an

“expectant™ ligature was passed arcund inneminate in
case of further hemorrhage, but it was not tightened.
No further hemorrhage occurring, it was removed in five

days.

ﬁun. 5. Charity Hospital, New Orleans, 1884. In a
personal letter Dir. Edmond Sonchon speaks of a case where
a colleagne exposed the innominate by removal of a part
of the sternum, but not ligatured becanse it was found so

greatly enlarged.
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