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PREFACE

This monograph came about 1 the following way
I'he author hd agreed to prepare lor the {mercan
Practitioner and Ihgest of Dieatment 1 senes of attt
des dealing with acquired diseases of (he norta
us branches  The response to the appearmce of the
fist tvo installments was such that the publishers
suggested eventual presentation ol the series m book
form By cmeful plannig the amount of oveilip
among the seven articles was reduced to the mim
mum consistent with clarty ol expositon and ef
fective teaching

The purpose has been to exanunc i some detail
the pathopliysiology diagnosis and management of a
wide varets of artertal diseases for which swigiel
therapy 15 mvailable By a hiberl use of illustrations
both diagnostic and therpeutic techmes hve been
emphanized

This book 15 not designed 1o offer minute technical
details of vascular suigery  The author anticipates
that the suigeon already will have developed—through
basic swigical traming in the chinic nd the labora
tory—the essential skills with which 10 crrry out the
technical objectives proposed herein \evertheless
the numerous operative procedures depicted do sene
to famiharize the physician not jmolved n the
practice of vascular surgery with what can be ac
complished and the general operative steps by which
this 15 aclieved  Diagnostic procedures e stressed
throughout

Tlus 1s 2 particulrly productive pertod 1n the his
tory of vascular surgery  First it has been found that

vi
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“strokes” are frequently due to extracranial arterial
occlusion  Corrective surgery, promptly executed, can
often prevent subsequent hemiplegic attacks Second,
certain previously confusing 1schemic conditions of
the arm and the hand have been shown to be due to
readily remediable organic lesions Third, correctible
occlusive disease of the superior mesenteric artery may
produce 1ntestinal angina and the malabsorption syn-
drome long before 1schemic gangrene develops, renal
arterial occlusion can result in hypertension, and
thrombosis of the terminal aoita can produce 1n-
termittent claudication All these types of ischemia
frequently can be relieved Fourth, aneurysms ol
virtually all arteries have now been successfully ex-
cised and the resulting delect bridged with a pros-
thests  Filth, the general problem of arterial em-
bolism, though still serious, has been attacked with
some success Finally, the management ol arterial
trauma has been revolutionized by prompt dnect
repair of injured vessels

The bibliography following most chaptets 1s Cx-
tensive  The remaikable progress made 1n the surg-
cal management of arterial diseases has resulted [rom
the efforts of interested physmmns over a pertod of
many yeais The summaiies which appeaied 1n the
original publications have been allowed to 1emain as
brief synopses of the individual chapters

Last, the author extends his waimest thanks to Miss
Betty Anne Crocker, Miss Beth Weatheishy and the
] B Lippimcott Company for thenn co-opcration and

assistance
James D Haidy, M D

Jackson, Mississippi
September, 1960
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Cuapten 1

General Survev of Acquired Iiscases,
Diagnostic Mensures, and Methods of
Techmeal Management

Artenat Diseases Particularly Amenable
to Surgical Therapy

T will be the purpose 1 this wonograph to pre

sent the sahient chimeal features to be considered

m the diagnosis and surgical management of the

more prominent lesions wlich may nvolve the aorta

and 1ts brinches (Fig 1) T'he following conditions
will be discussed

Part T Drief General Survey of Acquired Diseases
Diagnostic Measures and Methods of Technical
Management

Part 11 Occlusive Disease of the Innominate Caro-
tid Subclavian and Vertebral Arteries

Part 111 Duseases Invohnng the Arterial Supply to
the Upper Extremilies
a. Scalenus Anticus Syndrome
b Cervical Rub Syndrome
¢. Occlusive Discase of the Axillary Artery
d. Reflex Vascular Dystrophy (Sudeck s Atrophy)
¢. Raynaud s and Other Vasospastic Diseases
1
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OCCLUSION OF o ——-- U

LT INT CAROTID & e OSTEOMA AT TIP OF
S AN CERVICAL RIB, WITH
A N COMPRESSION OF LT

OCCLUSION OF -~~~ k k SUBCLAVIAN A

LT VERTEBRAL A.

~~~~~~ ANEURYSM OF
THORACIC AURTA

INFERIOR _ o~
VENA CAVAT~~---_”

P -

_ .- DIAPHRAGH

_.-PARTIAL OCCLUSION
OF SUPERIOR

CELIAC AXIS
MESENTERIC A

THROMBUS OCCLUDING “~ THROMBUS
ANEURYSM OF _____ 7. OCCLUDING

ABDOMINAL AORTA AL A
AND BIFURCATION
EMBOLUS TO_
FEMORAL __ e Bl?éifo?ﬂﬁ“p,
AV FISTULA™ ~"7~~—

Fi6 1 A number of different disease conditions of the
aorta and its branches are depicted Occlusion of the m-
ternal carotid artery or the vertebral, or both, may explamn
attacks of transient hemiplegia, blurmng of vision or black-
out spells The cervical rib (or scalenus anticus muscle)
may compress the subclavian aitery to produce relative
ischemia of the arm.  An ancurysm of the thoracc aorta
olten encroaches upon surrounding ncrves and other struc-
tures Parual occusion of the superior mesenteric artery
may cause abdomunal angina and a spruchihe malabsorp
uon syndrome, of the remal artery, hypertension  \n
ancurysm of the abdominal aorta may hecome completcds
filled with thrombus and simulatc “purc” Tachd’s syn
drome The fibrillaung atrim or the mfarcted myocar-
dium may gne mse o an anbolus wludh occludes the
femoral artcrs at 1its hifurcation Y st o1 gunshot wound
may result m o a fanoral artanovenous fistuy
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[ Buerger s Discasc
g Obliterative Atherosclerosis of Digital Artenes

Pt IV Occlusite Disease of the Celinc Supenor
Vesenterte Renal Hiae 1emoral and More Dis
tal Artertes

Pant V. Aueurysms
Part VI Embolism

Part VII  Traumatic Injuries
1 Lacerauon (Simple)
b Loss of Artertal Substance
¢ Thrombosis
d Pulsaung [ematoma (False Aneuryun)
¢ \rteriovenous Fistula
Causalgia

There are of course additional discases which af
fect arterzes and m the management of some of these
surgery can prove beneficial However 1t is n the
treatment of the condittons listed above that surgical
mntervention 15 most valuable

By and large the adverse physiologic effects pro-
duced by disease involving an artery are those due to
spasm (e ¢ Raynaud s discase) compression (eg cer
vical nb syndrome) enlargement with rupture or com
pression of surrounding structures (eg aneurysm)
occlusion (e g embolus or thrombosis) or imjury (e g
loss of substance or creation of an arteriovenous fis-
tula) In few other climcal situations is 2 practicnl
familiaity wuth the underlying pathophysiology more
promptly rewarding than 1t 1s in the diagnosis and
management of arterial lesions.
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DIAGNOSIS OF ARTERJAL DISEASE

If one were to be allowed only two means of evalu
ating major arterial disease, he would be wise to
choose the clinical evaluation and the arteriogram
For with the history and physical examination to sug
gest the presence and general distribution—and with
the arteriogram to identify more precisely the level—
of arterial disease, the vascular surgeon could achieve
a satisfactory surgical result in the majority of cases
What, then, are some of the clinical findings which
may clearly indicate the presence and the piobable
nature of arterial disease?

The History

General Considerations The history which the pa
tient gives will usually depend upon the location of
the arterial disease, regardless of the structural foim
which this disease may have taken, and the complaints
will also be dependent upon whether 1schemia of the
tissues distal to the arterial lesion exists For exam
ple, occlusion of the great vessels of the aich of the
aorta, or of the vertebial arteries as they leave the sub-
clavian arteries, will result mn certain signs of central
nervous system ischemia Any peison who has evi
dence of transient hemiplegia, visual field defects,
aphasia, or dizzy spells should be considered as possi-
bly having partial or complete occlusion of one or moic
of the four major arteries which supply the brain

Gangiene of the up of the finger may reflect
Buerger's disease with obliteration of the small digi-
tal arteries, or it may 1eflect segmental occlusion of
the subclavian or axillary aitery by atherosclerosis
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Both types of lesions often respond quite satisfactorily
10 Proper opetitine memuiey Parnal occlusion of
the supentor mesenteric wtery may el in alxlom
mnal angina and may produce a maliinotption syn
drome wlich tesults from mdequate arterinl per
fusion of the small bowel Parnal occlusion of a renal
artery may cause hypertension  Fmally perhaps the
most cominon site of occlusion other than an the heart
or the brain 15 1n the artettes supplying the legs.
Pain. Except in bratn lestons pain 1s the most char
acteristic symptom of artenal disewse  The pun 1s
uwsually due to madequate arterial perfusion of the
ussues supphied by the artery in question though the
discomfort associated with an ancurvsib 1s often pro
duced by compiession of surrounding structures.  The
ume of onset af pant due to jschemita often bears a
close relationship to exctcise of the musculature in
volved A most characteristic type of pamn asociated
with relatuve 1schemia of the legs 1s that of mntermut
tent claudication described 1n man by Charcot. Im
ually the patent may notice only fatigue or cramps
1n the musculature distal to the site of artenal occlu
sion but this 1s soon followed weeks montlis or even
years later by actual pan which becomes incapaaieat
ing unless he stops to rest.  Should the increasingly
severe pain go unhceded the leg will become para
lyzed due to 1nadequate blood supply and will col
Iywe  Rest pn 1y that which ocans even at 1est
often being more severe at mght. It usually occurs
late 1n progressive 1schemia and once the patient has
developed this symptom gangrene may usually be
anuapated unless successful surgery can restore a
more adequate blood flow to the part supplied Pain
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due to aitenal ischemia 1s often crroncously ascribed
to a nerve lesion, and the pauent fliequently has vis
ited a neurologist or neurosurgeon before the correct
diagnosis 15 suspected and an arteriogram discloses
occlusive disease of the aitery involved

Physical Examination

Additonal and more detailed points to be covered
in the course of taking the history will be piresented
in association with consideration of specific arterial
lesions later 1n this book It 1s now in order to men-
tion a {ew of the physical findings which may suggest
the presence and i1dentity of arterial disease.

Inspection The color of an extremity often reflects
sigmificant information regarding the state of the cir-
culation The color of the skin, disregarding various
types of skin pigmentation, 1s usually due to the
amount and color of the blood crculating through
it The less the capillary blood flow, the greater will
be the relative amount of reduced hemoglobin in the
blood which does traverse and leave the part. Thus
the extremity with a reduced blood flow will often
have a dull red color, especially when 1t 1s dependent,
and 1t assumes undue pallor when it 1s elevated above
the level of the heart In both the fingers and the
toes one may gain the mistahen impiession that a 1ed
ness (rubor) 1s due to infection when, 1n fact, it but
reflects the inadequate arterial blood flow through the
part To mase such a toe or finger (a “[alse fclon”)
for “drainage” may result in gangrene or at least pro
longed failure of the wound to heal, for 1t takes less
blood supply to mamtamn viability of untraumatized
skin than 1t does to heal a wound In compaiing the
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appearance of hands or feet the pawed extremities of
the pauent should be examined simultancously—de
pendent at the elevauon of the heart and rafsed It
1 helpful ta contrast changes in the patents hands
with those of the examiner tn a stmlar position  The
extremity whose artertal mflow has been completely
occluded has a marked pallor

On 1nspection one also notes evidence of chronie
arterial disease s reflected by trophic changes which
mnclude thinning of the skin with a shiny appearance
reduction tn the volwme of flesh (particularly of the
pulp of the toes and fingers) loss of hur and de
formuty of the toenails or fingernails

Palpation ITaving chscovered historical evidence of
artenal disease and having visualized various of the
sigmata given above one next palpates the part.
The inmolved extremity may be cooler than the op-
poste one. Or the more distal portion of the in
volved member may be cooler than the more prox
tmal portion—though the feet and hands normally
exhibit a lower temperature than does the trunk.
Localized heat may reflect the presence of an arterio-
venous fistula or hemangioma  The absence of pulsa
tons in the radial carotid femoral dorsalis pedis or
posterior tibial artery reflects significant disease 1n
most instances  If the carotid pulse is present bilat
erally one may conclude that the mnomnate and the
left common carotid arteries are not thrombosed at
their onigin from the sorta  If the nght carotid pulse
B present but the right radial pulse 15 absent the oc
clusion 15 distal to the innommate artery  Occlusion
of the vertebral arteries may produce cerebral 1schemia
even when both 1nternal carotids are patent. How
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ever, pulsations in a common carotid artery do not
rule out occlusion of the corresponding internal caro
tid vessel (Fig 1) Finally, aneurysms of the abdom-
1nal aorta and other accessible arteries may be detected
by palpation 1n many or most instances

In concluding these few general remarks about cer-
tain of the more prominent features to be noted in
the clinical evaluation of the patient with suspected
arterial disease, 1t is desirable to emphasize again the
many and varied chinical findings which may be en-
countered, since disease of any major artery through-
out the body can produce symptoms peculiar to the
organ rendered 1schemic

Auscultation. When partial occlusion, an ancurysm,
or an arteriovenous fistula is suspected, additional con-
firmatory evidence may be obtained by noting on aus-
cultation the character of the bruit, which may be
associated with a palpable thrill  Partially occluded
arteries often exhibit a systolic bruit, and occasionally
a bruit may be present in both systole and dastole.
Thus the presence of a bruit over a caroud artery
frequently indicates partial occlusion at the carotid
bifurcation The aiteriovenous fistula characteristi-
cally produces a continuous bruit

The appropriate use of the sphygmomanometer af-
fords much useful information regarding arterial pul-
sations and pressures

Additional Methods of Investigation

The Arteriogram Once the clinical exmmination
has 1ndicated disease of an artery, 1L 15 possible m
most instances to obtain confirmatory evidence and
precise localization with an artcriogram It may
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demonstrate occlusion of an mteinal cnotd or 1
rertebral artery or both to explain cluncl evidence
of bram ischema It can be used to disclose an ey
rysm of the thoracic aort1  [1aumatie injury to an
artery of the arm or leg can Ix localizedd Thrombosis
of the supenor mesenteric artery to clanfy a possible
cause of abdominal pain or of a rennl artery to ex
plain hypertension ¢an be awdenufied  Thus the value
of angiography 1s second only to careful clinical evalu
ation as a means of (hagnosing arterial lesions

The arteniogram is wually petfonmed using an
1odine-containing compound Hypaque and Urokon
being the materials most commonly cmployed at the
present nme  Variows volumes and concentrations
are wsed depending upon the artery to be visualzed
In general the concenttation ranges from 35 to 70
per cent approstmately 20 ml 1s njected abruptly
and senal films then taken rapidly to study the vascu
lar bed. More medium 1s required to visuzlize the
aorta by angiocardiography—that 1s the njection of
the radiopaque matenal into an antecubital vein and
have 1t traverse the heart and lungs nd then cnter
the aorta—than 15 required to visuahze the femoral
artery and 1its major branches 1n an alveady wschemac
lower extremity  Although numcious refinements ex
1st for the more prease and facile performance of an
arteriogram under different circumstances, almost any
syringe and needle will senve for the performance of
most aneriograms when the vessel Is surgtcally exposed
or s immediately beneath the skin  Arteriograms of
the extrermities are more satisfactorily carned out
under anesthesia since the radiopaque materials are
quite itrritating  If an anestheuc agent 1s not used
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the patient often moves the extiemity while the filins
are being taken and the entire radiologic study can
be nullified By temporarily compressing the man
arterial trunk proximal to the point of injection, one
can often achieve adequate contrast of the arterial
bed 1n an ischemic extremity with a small amount of
medium, minimizing the risk of distal vascular throm-
bosis and tissue necrosis

The indications for arteriography will be consid-
ered further in connection with the management of
specific lesions, but 1t should be stressed here that the
arteriogram can produce definite and at times very
serious complications,® among which are the follow-
ing (1) general collapse due to sensitvity to the me-
dium (rare), (2) right-heart {failure in the presence of
pulmonary hypertension, apparently due to spasm of
the pulmonary vessels; (3) brain damage due to focal
necrosis resulting from arteriospasm and, in the case
of small vessels, probably thrombosis, (4) paraplegia
due to a spinal cord injury, (5) renal shutdown due
to irritation, spasm, and probably texminal thrombosis
in renal vessels, (6) wnjury to the aoruc wall, possibly
i an aneurysm, with extravasation of blood and/or
radiopaque medium, (7) wntestinal dysfluncuon due
to injection of the man slug of 1adiopaque material
into the superior mesenteric artery on aortogram, and
(8) shin necrosis and actual 1schemic swelling i the
legs secondary to arteriograms performed in the ische-
mic lower extremity Although most of these comph
cations are relauvely rare, few physicans who have
used arteriograms extensively have faled to be con

fronted by onc or the other of these untoward reac-

tions upon occasion The author has scen transicnt
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bramn damage 1n a chuld following angrocardiography
death following retrograde aortography for coarctation
death 1n a woman with severe pulmonary hyperten
ston some 12 hours following angiocardiography leak
age of the raciopaque matenal around the artery with
seveie tissue reaction and prolonged ncuralgic type
patn 1schiemic changes in the hand transient ohiguna
skin necrosis in the leg following femoral arteriogra
phy and maiked swelling of the leg with severe 15
chemic pain which subsided only after several wecks
In the last mstance there was no question but that
the arteniography had further reduced the volume
of bLlood flow through an already severely 1schemic
extremity

Therefore 1t 15 clear that arteriography though es-
sential 1n many pautents should be used only where
definitely mdicated  The matenals and technics em
ployed have steadily improved in recent years but
there 13 still the need for anesthesta to reduce the pain
of intralununal irritation Actually a careful phyn
al examinauon will often provide sufficiently precise
information to permut corrective surgery without the
necessity for an arteriogram  In our own clinic we
no longer perform an aortogram when the ancurysm
of the abdonunal aorta 15 cauly palpable and we
have ceased to perform an aortogrim when no pulses
are present 1n the femoral artertes. We prefer to
open the abdomen and thus determine from direct ex
amination of the lower aorta and the iliac artenes the
extent and natuie of the discase  In the cse of oc
dusive disease we next explore the {emoral aiterics
on esther side below the mguinal igament and at this
ume arteriography (Fig 2) 1s often performed to make
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Fic 2 This arteriogram revealed segmental occlusion
of the distal portion of the femoral artery as it reached
the popliteal space Note the precarious collateral circu
Jation through which viabilitv of the estremity distal to

the occlusion 15 mamtamed

certam of an adequate runoff m the moie distal ar-
teries, prior to completion of a bypass from the aorta
to the femoral artery or below  This more conscrva-
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tive use of the aortogrim is a dueet outgionth of our
own and the reparted experiences of others with com
plicattons from this procedure

The interpretation of arteriograms s usually a rela
uvely simple problem but onc should fully appic
aate that in paruicular the aortogram may be mstewd
ing from time to ttme  In our own expertence 1t has
appeared to show occlusion wheie occlusion did not
exst and 1t has appeared relatnely nonmal when the
intraluminal diameter of the mcompletely obstructed
artery had been narrowed to 1 point where the patient
was having intermuttent claudication  When the clin
1al evidence of aitenal occlusion 1s unmustakable the
poorly visualized artery may 1n {act represent mcom
plete occlusion of the vessel rather than a techmcally
unperfect arterfogram  Furthermore the level of di
vision of a traumatized artery as visualized on arterio-
gram may appear to be far above the actual site of
damage the nomvisualized segment being filled with
clot or in severe spasm

Oscillometry Precise Skin Temperature Measure
ments, and Plethysmography 1hcse three methods
more often used 1n phystologic 1nvestigations than in
actual dimcal pracuee represent refinements in the
evaluation of phenomena which can be grossly esti
mated by physical examnaten and with the sphygmo-
manometer The osallometer 15 useful in recording
fairly accurately for comparative purposes the rela
tve pulsaule flow 1n the two legs or arms  The ex
cursions which the needle makes on the dial with each
pulsatton are greater or lesser depending upon the
volume of blood flow through the extremity  Of
course the measurement of intraarterial pressure
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with a needle and an appiopriate electionic 1¢cor ding
device 1s superior to either the oscillometer o1 the
sphygmomanometer 1 1denulying 1eductions m blood
pressute (and presumably blood flow) thiough a par-
ticular aitery, as compared with the opposite member
ot with normal values

Precise measumrement of skin temperatutes with a
thexmocouple 15 also but a 1efinement of changes
which can be estimated grossly by palpation How-
ever, tempelature measurements are of definite assist-
ance 1n evaluating the effect of sympathetic neive
block in raising skin temperature, prior to perform-
ance of sympathectomy if indicated on the basis of
these measurements Secondly, skin and muscle tem-
perature measurements are useful in evaluating the
benefit derived from vasodilator drugs Thirdly, skin
temperature values ate helpful in comparing blood
flow through adjacent digits o1 1 comparing the two
hands or legs Nevertheless, the great advance in ar-
terial surgery which has come about in the past ten
years has emphasized the basic requitement of the
1e-establishment of an adequate volume of blood flow
thiough vessels whose internal diameter has been re-
stored wirtually to normal If anythung, these ad-
vances have further miumimwzed the value of diug
therapy and {requently even of sympathectomy, sice
there 1s no adequate subsutute for 1estoration of a
normal mtraluminal diametes  In othar words, if
the surgeon must resort to the use of a thetmocouple
to determine whether or not the operation has in-
creased blood flow thiough a previously 1schemic and
cold extremity, the pauent’s symptoms will probably
be relieved only briefly if at all
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Plethysmography * 1s used in much the same circum
stances as 1s the prease measurement of skin tempera
tures  In effect 1t reflects the volume of blood flow
ing through the exuemity or finger that 1s being ex
amined. And here agamn 1f the increase in blood flow
that has been aclueved by operation or other means
is s0 small that plethysmography 1s required to detect
1t the chances are that the pauent hias not been sub-
stantially improved to the point that prolonged relicf
from 1schemic pain will have been provided

Nevertheless any or all of these technics may upon
occasion aid n the selection of the patnent who may
be substanually benefited from sympathectomy of an
arm or a leg to reduce vasospasm perse (e g Raynaud s
disease) or a vasospastic clement wlich 1s superim
posed upon artenal occlusive disease (¢ g Buergers
disease) In some patients the reduction of this ar
teriospasm 1s sufficent to mamtan viabihity of a leg
for many months following the tune when the patent
might otherwise have required an amputation—and

perhaps time 15 thus guned 1in which collateral circu
lation can develop

METHODS OF TECHNICALI MANACEMLANT

Having indicated the diseases which more com
monly affect the aorta and its various branches and
having noted the major diagnostic measures that are
most often employed we turn now to 1 brief con
suderation of the methods by which the mienal lesions
disclosed are currently managed In general these
consist of exasion with or without gralung thrombo-
endarterectomy and bypass (Fig 8)
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i

LOSS OF ARTERIAL
SUBSTANCE ,

RESECTION, INSERTION
THROMBOENDARTERECTOMY OF PROSTHESIS

? E SIMPLE SUTURE

EXCISION OF INJURED

BYPASS OF
STENOSED AREA ARTERIAL WALL

Fic 3 These several procedures illustrate the basic tactics
employed 1n direct surgical attack upon arterial defects

Resection and Grafting

Despite the fact that Carrel  had reported success-
ful homotransplantation of cold preserved arterial
segments as early as 1907, only during the last decade
have homografts been used climically—first by Gross
and his associates 7 1n the replacement of coarctation
of the aorta 1n 1948, and later by Dubost * in 1952 for
the excision and replacement of an ancurysm of the
abdominal aorta These horizons were then extended
by DeBakey's group and many others, until both aneu-
rysmal and occlusive discase of all components of the
aotta and 1ts major branches have now been resected
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and grafted However wheteas the ancurysm still
must be exaised and 1cplaced with 1 homogiaft or
{(now far mote fiequently) with a synthetic prosthesis
occlusive discase of the lower aota and 1hac rtenies
1s now rarely revected It s managed erther by throm
boendarterectomy or by the usc of 1 bypass extending
from above the leve! of the occlusion to below 1t In
other arcumstances parttcularly in the management
of traumatic artenal anjuries the defect may be de
brided and sutured wrthout the use of a graft or by
pass,

Thromboendarterectomy

This procedure consists of opening the artery erther
transversely or longitudinally and by means of a suit
able instrument, establishing a plane of cleavage be
tween the thrombus with its firmly attached ntima
and the outer layers of the artertal wall  This plane
of deavage 1s usually readily established and the
“plug consisung of the thrombus with adherent in
uma and a portion of the media is freed up 1 1ts
entire arcumletence and removed (Fig 8) Il the
artery is large and the thrombus 15 relatively short
thromboendarterectomy consttutes a very satsfactory
procedure for re-establishing patency and restoring an
adequate pulsaule blood flow  This techme 19 par
ucularly applicable to certain lesions of the carotid
subdavian aortic bifurcation common ihac, and at
tumes of the common femoral artery 1t has also been
wed for the management of occlusion of the renal
artenes and of the superior mesenteric artery  Never
theless one cannot determine 1n advance just how ef
fecuve thromboendarterectomy will prove at opera
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tion If the thrombus with attached intima comes
away 1cadily and the lumen of the vessel 1s sausfactory
with a good distal pulsatile flow, the defect in the
artery 15 stmply closed with a 1unning sutuie of 4-0
or 5-0 aiterial silk  On the other hand, 1if the thiom-
bus extends over a considerable segment of the vessel,
and 1if the ends of the thiombus cannot be clearly vis-
ualized and meticulously excised, theie 1s a consider
able risk that thrombosis will recut Under these
circumstances a bypass 1s to be prefeired

Thromboendarterectomy 1s usually not a suitable
procedure to employ 1n the management of thiombosis
of very small arteries, since the diminished diameter
of the vessel will all too fiequently 1esult in prompt
clotting  Postoperative hepaiinization 1s often em-
ployed following thiomboendarterectomy upon the
carotid o1 vertebral aiteries, but we do not employ 1t
following thromboendarterectomy perfoimed upon
the aorta or 1iliac vessels Considerable hemorrhage
in and around the abdominal ao1ta has been reported
following the use of heparin 1n connection with opet-
ations upon this vessel, and 1t 1s difficult to determine
whether or not hemorrhage within the abdomen or
retroper1toneal space 1s occuriing until 1t 1s already
extensive Moreover, the patients who have occlusive
and/or aneurysmal discase ol the lower aorta are fre-
quently 1n the older age groups, and 1n such patients
hemorthage 1s all too Iikely to result in shock with
brain damage, coronary occlusion, o1 ohguria In
contiast, hemorrhage around the carotid o1 vertebral
artery would usually be detected and could be adc
quately draimned
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Arterial Bypassing

The third method commonty ased for direct moan
agement of a pomt of obstinction s uternd bvpsang
This method umply consists of the estiblnhment of
adetow around the point of olntiuction by means ol
eather an artenal homogaft o1 a1 more frequently 1t
present a synthetie arternl sulstitute such as Dacron
or Teflon  \lon s now 1ately wsed  The advantage
of the artersal bypass is that at s more rapidly per
formed than 1s resection of a vessel as for examiple
the lower abdominil anmta  lurthermore one does
not need 1o fice up the enune arcumference of the
vessel to which the hypass 1s to be sutured It 1s nee
sy only to use a suitable clamp with which to
exclude 2 portion of the wall of the vessel  An addi
tienal advantage of the bypass 1s that by this means
collateral vessels are not dhstuthed  1herefore should
the bypass become oceluded or otherwise fail to func
tlon satisfactonly the colliternl vasculatute that was
Previously mamtaining the precinious viability of the
extremity 15 not distmibed and the patient s condition
s made no worse by the operation  On the other
hand, should the occluded scgiment be exased valu
able collateral vessels nught be destroyed and should
the graft become occluded by clot 1n the postopertive
period, the patient might well lose hus leg—when he
had walked {nto the hospital  Thus by the use of the

one does not make the patient worse and 1n

most instances where the method 15 appheable he 1s
much improved.
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Use of a Patch Graft to Enlarge the Lumen
of the Vessel

‘Theie 15 an ncreasing tendency to utilize a patch
of synthetic matenal to mcrease the size of the lumen,
perhaps following the use of thiomboendarterectomy
to remove an obstiuction at the bifurcation of the
common carotid aitery This tactic results in a cir-
cumference of the artery that i1s increased by the
amount of the s1ze of the patch graft, and 1t has been
found that by such a maneuver the incidence of clot-
ting following thromboendarterectomy 1s reduced
More will be said about various technics of this type
m a later chapter

Sympathectomy and Regional Sympathetic Block

The use of sympathectomy® and intermittent or
continuous sympathetic nerve block for arterial oc
clusive disease has been sharply modified and, in gen-
eral, less used smce a dnect attack upon arterial de-
fects became possible There 1s little comparison
between the mmprovement which 1esults from throm
boendarterectomy o1 arterial bypassing of an occlusion
1 a major artery, on the onec hand, and the mmprove
ment which 1s reahized through sympathectomy, on
the other Nevertheless, the use of sympathectomy to
diminish vasospasm or even normal vascular tonc, to
achieve some increase m the diameter of the smaller
vessels of an extremnty, still has a definite place m the
surgical armamentarinm for the management of ar
terial disease  Sympathectomy may provde definit
improvement in many patients whose arterial ocdu
stan mmvolves the small vessels of the distal poruons
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of the extremities where direct awtack upon the ar
terial disease 13 not posuible  Morcover at times se-
vere arteriospasm which can actually threaten the
viability of an extremity can be reheved by sympa
thetic nenve block whether or not actual sympathetic
nerve secuon 1s employed  Another outstanding use
of sympathiectomy or sympathetic nerve block 15 in the
management of the poorly understoed causalgte pain
that results from neurovascular injury 1t may also
[ollow mjury to an extremuty through [rosthite or
immersion foot both of these conditions being similar
with respect to the basic pathologic changes produced
Almost by definttion causalgic pan s relesed by
mterruption of the sympathetic nenve supply to the
area mnvoled.

Use of Anticoagulants and Fibrinolysin

The use of anticoagulants in the management of
major artertal lesions varses widely from one clhimic
to another and even m the same clinic the question
of whether or not it 15 to be used 1 a given case is
frequently dependent upon multiple circumstances
which preclude generahzations here. More will be
said about this problem in connection with tie man
agement of specific disease conditions but 2 common
use of heparin at the present time 15 1n conrnection
with thromboendarterectomy and bypassing of regions
nvolving the smaller arteries which supply the bran,
I myself almost never use anticoagulants in the man
agement of diseases of the aorta or of the vessels sup-
plying the legs  The experience has been that if ade
quate technical surgery with a good runoff’ has been
achieved the anastornosis almost mvarably functions
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satisfactory, and the use of heparin simply adds an
additronal hazard which 1s unnecessary Furthermore,
1f a technically satisfactory operation has not been per-
formed, the use of heparn 15 not going to improve
matters Hepaiin 1s ol couise to be preferred to Di
cumarol or one of its derivatives, since the heparmniza-
tion can be reversed fairly promptly by the use of
protamine, wheieas the reversal of the Dicumarol el-
fect on the prothtombin level by means of the infusion
of vitammn K, oxide is not so 1eadily 1eversed, should
an early subsequent operation become necessary Too,
the full anticoagulant effect of Dicumarol 15 not
achieved for from 48 to 72 hours

Thete 1s an increasing nterest n the use of fibino
lysin for the liquefaction and removal of recent throm
boses 1n arteries as well as veins *2 Despite the consid-
erable and justified skepuicism regarding such usage
of this enzyme 1 vwo, it 15 quite possible that more
practical means of delivering a sutable concentration
of the enzyme to the diseased segment of the vessel
may be developed, in which arcumstance the achnowl!
edged ability of this enzyme to lyse a 1ecent clot may
be brought 1nto eflecuve therapeutic focus Obv:ous}y
the use of some such solution to remove clots In
smaller vessels would be highly useful

Homografts and Other Arterial Substitutes
Further Comment

Although the emly wse and avalability of homo
gafts gave temendous impetus 10 majol aterial sur
gery, 1t was soon apparent that the other sowmces of
material for budgmg defects i artenes would be 1¢
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quired The tersons for this were several but the two
most mmportant had o do with the relatine seuaty of
homografts 1nd with the fact that homogiafts weie
found to dilate nd to ruptuie i some cwes®  Thus
a laige number of synthetic materials weie developed
and used ¢ Of these the first one to be used was per
haps Vinyon N ntroduced by Voorhees Jaretsh
and Blakemore * Thereafter the crimped Nylon pros
thesis was developed by Edwards and Tapp* Re
cently ay noted previously the materials most com
monly used for bndging utenal defects hwe been
Teflon and Dacron

It would be erroncous to state that 1 truly sansfac
tory artennal substitute has been found  There 1s no
question but that there will be continuous and steady
improvement 1n the substances availible for arteral
replacement  However those that are in current use
offer so much to the patient with for example an
aneurysm that there 1s every reason for graufication
over the development of those already available
These matenals while of permanent matenal them
selves actually become lined fairly quickly with an
muma.  This pseudo-muma develops from endo-
thehal cells derived from host intima at cach end of
the prosthesis as well as from fibroblsts which grow
through the mtersuces of the fabric. Moreover al
though these matenals are not s elastic as the normal
artery they do dilate with cach artemal pulsation
Eventually they become encased 1n fibrous tissue which
rewnforces the tubelike prosthesis  Some do dilate and
rupture.
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Instruments, Suture Materials, and Methods
of Suture

Instruments. Although a large vaiety of specal
vascular instruments can be effectively used upon oc-
casion, a relatively few instruments of general utility
will suffice for the general surgeon doing occasional
arterial swmigery. It cannot be overemphasized that
gentleness and delicacy are essential to the perform-
ance of satisfactory anastomoses, particularly in the
smaller vessels, and this cannot be achieved without
the use of noncrushing clamps in most nstances
In Figure 4 are exhibited some of the more common
types of such clamps In general the clamp either
grasps the vessel gently enough so that it docs not
crush or “mash” through, or 1t has interdignated teeth
which alternate and intermesh so that the vessel s
not cut mn two There are straight clamps, curved
clamps, offset clamps, and various other modifications,
each of which has certain advantages in different situ-
ations  Nevertheless, for most purposes the 1nstrit
ments shown can be used to achieve an adequate op
erative result  Although the basic principle employed
in the manufactuie of all these 15 that the delicate wall
of the artery wiil not be crushed severely when the
clamp 1s apphed, 1 some nstances almost any clamp
may result 1n a teatng of the wall of the vessel, par-
ucularly m the atherosclerotc aorta.  However, the
perhaps surpusng fact 1s that such teanng 15 as rarc
as 1t actually 1s

Lapertence m the use of such clamps 1s readily and
best achueved 1n the ammal laboratory.

terals  For the dosine of defects m smadl
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Fic. 4 (A) Curved cdamp with teeth vsed to crows-clamp
the aorta or to exclude a portion of Its wall  (B) Potts
damp with teeth—useful 1n numerous arcumstances. (C)
Cnafoord clamp also valuable in many types of vascular
and airdiac problems. (D) Bulldog clamps with which to
occlude smaller vessels.  (E) Saunsky damp  (F) The 40
arterial silk used for most artenial anastomoses.  The scv
eral clamps are largely interchangeable and lend themaclves
to a wide range of techmal requirements,

\

— . —
-

arterzes, such as the vertebral 5-0 arterial silk may be
used. In general though a somewhat larger suture
matertal can be used more rapidly with less breakage.
Therefore we have come to use 1 0 arterial silk 1n most
Grcumstances  In the suture of large prostheses fol
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Instruments, Suture Materials, and Methods
of Suture

Instruments  Although a laige vaiiety ol specal
vasculal instiuments can be effectively used upon oc-
casion, a relatively few instiuments of general utility
will suffice for the general suigeon doing occasional
arterial smgery It cannot be overemphasized that
gentleness and delicacy are essential to the perform-
ance of satisfactory anastomoses, paiticularly in the
smallexr vessels, and this cannot be achieved without
the use of noncrushing clamps in most 1nstances
In Figure 4 are exhibited some of the more common
types of such clamps In geneial the clamp either
grasps the vessel gently enough so that 1t does not
crush or “mash” through, or 1t has interdigitated teeth
which alternate and intermesh so that the vessel 1s
not cut in two Theie are straight clamps, curved
clamps, offset clamps, and various other modifications,
each of which has certain advantages 1n different situ-
ations  Neveitheless, for most purposes the nstru-
ments shown can be used to achieve an adequate op
erative result Although the basic principle employed
in the manufactuie of all these 1s that the delicate wall
of the artery will not be ciushed severely when the
clamp 1s applied, 1n some 1nstances almost any clamp
may result 1n a teaing of the wall of the vessel, par-
ticularly 1n the atheiosclerotic aoita However, the
perhaps suiprsing fact 1s that such tearing is as rare
as 1t actually 1s

Experience 1n the use of such clamps 1s readily and
best achieved 1n the amimal laboratory

Suture Materials For the closuie of defects m small
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Fic 4 (A) Curved clamp with teeth used to crousclamp
the zorta or to cxclude a porton of ws wall () Pots
clamp with tecth—useful m numerous arcumstances. (C)
Crafoord clamp also valuable in many types of vascular
and arduc problems. (D) Bulldog clamps with which to
ocelude smaller vessels. (L) Sadwmky damp (F) The 40
arterial silk used for most artenal anastomoses. The sev
eral clamps are largely interchangeable and lend themsehes
to a wide range of techinical requircments

arteries such as the vertebral 5-0 arterial silk may be
uwed In general though a somewhat larger suture
material can be used more tapidly with less breakage
Therefore we have come to use 4-0 arternal silk in most
drcumstances In the suture of large prostheses fol
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lowing the resection of aneurysms of the aorta, we may
upon occasion use 3-0 arterial silk

Methods of Suture A decade ago most sutuie lines
In great vessels were perlormed using the everting
mattress suture Howevel, during the last few years
there has been a general tendency to shift to the con-
tinuous over-and-over “baseball” stitch In children
interrupted sutures are advisable, at least for one-half
the circumference—as 1n resection of a coaictation of
the aorta where this vessel would be expected to en-
large over the yeais. It was shown 1n young pigs that
the use of an interrupted suture line mn the thoiacic
aorta 1esulted 1n a greater growth of the aorta with
the girowth of the pig than did a continuous suture,
[ollowing excision of a segment of the thoracic aorta.’
Yet under most circumstances the simple over-and-over
stitch, with the sutuies being placed at approximately
one mullimeter intervals, 1s quite satislactory for the
overwhelmingly majority ol vascular anastomoses
The placement of the sutuies 1s much facilitated by
the use of clamps applied and held 1n such a way as
to take the tension off the suture line as the suturcs
are being placed By the proper rotation of the
clamps the anterio1 and posterior sutuie lines can be
placed with almost equal facility

Use of Hypothermia in Major Arterial Surgery

Following the advent of hypothermia as an aid 1
cardiovascular suigery, this technic was used exten-
sively 1 many types ol suigery ol the torta and 1ts
branches Recently, though, there has been an 1In
creased use of temporary arterial bypass and a declinc
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mn the we of hvothermia i such sutgay  I'he e
son for thts 1s that by the use of a temorasy bypass-
to supply the biun Jo e mple=the praent e b
mamtaned o moie plisologic stitc thn would e
the case with Iypothetnun e onset of artenial
hypotension i the novmothumic patent 15 moie
promptly ascribed to the probable cause than s the
case with the hypotheimic patient for hypothernua
ttsell routinely lowers the blood pressure  Neverthe
less, the use of hypotliernua for the correction of cer
tamn conditions such as wolated pulimonic stenosis
contnues to be a thotoughly satslactory procedure

SUMMARY

1 The suigery of acqunetl disenses of the aoitn and
1ts branches diagnostic and therpeutc methods and
prinaiples have been emphasized

2. Accurate diagnosis 1s most readily acluerved by
means of the cintaal evaluation and judiciously used
arteriograms.

8 The value and the hazards of arteniography have
been mentioned

4 Osallometry prease skin temperature measure
ments with the thermocouple and plethysmography
are not usually essential in clinical practice despite
thewr acknowledged value 1n the physiologic study of
vascular problems

5 The prinapal surgical technics employed 1n the
manageroent of diseases of the aorta and 1ts branches
are segmental excision with or without grafting

thromboendarterectomy and bypassing of occluded
channels.
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6 Sympathetic nerve block and sympathectomy aie
less frequently employed than formerly but aie sull
useful 1n carelully selected patients

7 Atrterial substitutes, the use of anticoagulants, -
struments and suture technics have been considered
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CHAPTER 2

Occlusive Disease of the Innominate,
Carotid, Subclavian and Vertebral
Arteries

STROKES AND THEIR RELATION TO THE
ARTERIAL SUPPLY OF THE BRAIN

Anatomy For several decades sporadic reports have
called attention to the relation between occlusion of
various of the artertes supplying the bramn and the
onset of neurologic symptoms and signs commonly re-
ferred to as representing “strokes” However, such
findings did not recerve wide attention until recently
It 1s now accepted that many stiokes are caused Dy
cerebral ischemia resulting from pai tial o1 complete
extracranial occlusion of the aiteries to the bramn

The arteries arising from the aortic aich ultimately
provide four major vessels, the two internal carotid
arteries and the two veitebral arteries The former
join the Circle of Willis on erther side, whereas the
latter fuse to form the basilar artery which enteis the
Circle of Willis posteriorly (Fig 5) There 15 consid
erable cross cnculation between the two carotd ar-
tertes and between these vessels and the vertebral
arteres thiough the basilar aitery  Yet the Gnde of
Willis 1s more adequately developed mn some paticnts
than 1n others, as 1s the anterior portion of the basilar

30
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artery  Thus the chnical findings produced by extra
aamal occhinion of one or mote of the cvond =
T g vertddnl utenes we hother mflenced Iy
the volune ol aow arcutation wathin the skall stsei
In addition 0 duvelopmantal vartations - the di

S ~——~~ANT CEREBRAL A.
~~~MIDDLE CEREBRAL A
————— POST CEREBRAL A.

T~-—-BASILAR A.

—-—=-VERTEBRAL A

~~ INT. CAROTID A.

-—COM CAROTID A

T=--SUBCLAVIAN A

Fie 5 Athcrosderotic occlusions tend to he seymental
In distribution and to occur at nfurcations. ‘The vertebral
anemies form the mmportant basilar artery and this vessel
and the two internal carotid arieries form the Circle of
Wil In most pauents there 15 extenanve cross circulation
between the two internal carotid arterics and between these

seusels and the bastlar artery
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ameter of elements of the Cncle of Wills, athero
sclerotic thrombosis and occlusion of various smalle
vessels such as the cerebellar arteries may occu

Sites of Extracranial Arterial Occlusion. Lxperience
has shown that occlusion of the elements of the ar-
terial supply to the braimn commonly occurs at the
origins of the vessels from the aorta, or at the bifurca-
tron of the innominate or carotid arteries,?s 4940 or
at the sites of origin of the vertebral arteries from the
subclavian arteries  However, although occlusion
most often occurs at a bifurcation, atherosclerotic
thrombosis may occur at almost any point? The
fortunate cncumstance 1s that many instances of
occlusion are found proximally in relatively large
arteries, for the large: the vessel mmvolved the greater
15 the opportumty for surgical relief of the obstruction

Perhaps the most important site of occlusion 1s at
the bilurcation of the carotid aitery,® lor the two n-
ternal carotid arteries carry a large part of the artenal
flow to the bramn  Nevertheless, Hutchinson and
Yates 20 found that, 1n pauents dying of cerebrovascu
lar accidents, almost 40 per cent had nsufficiency of
the basilar artery resulting [1om obstructive lesions 1n
the various segments of the vertebral arteries Simul-
taneous occlusions of the internal caroud and verte
bral arterics, of varymg seventy, were found mn ap
proximately a third of the cases

The practical conclusion to be derived fiom these
data is that, in the patient who 1s being investigated
for 1schemia of the bramn, all major arteries contribut-
ing to cerebral blood flow should he evaluated by
physical exammation and appropniate arteriograms
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Pulseless Digeasc

Speaal mention should be accorded a condition
which may affect the vessels of the aortic wch though
the atherosclerotic mechamism of occlusion 13 perhiaps
little different from that which occurs clsewhere® * 12
1 3 3 31 The essentinls of the clincal picune weie
recorded by Broadbent i 1875 In 1908 Taknyasu ¢
a Japanese ophthalmologist reported a syndrome
characterized by occlusion of the main vessels anising
from the aortic arch  Martorell Otzet and Fabre ¢
descnibed 1n 19 an obliteratton of the supia aoruc
trunks and the condition was then 1cfened to as Mar
torell s syndrome  Slumizu and $1no ** dramatized
the syndrome 1n 1951 by terming it pulseless disease
In 2 review of pulseless disease published in 1952 Cac
camise and W hitman * reported 1 case and collected
58 addiuonal aase studies previously reported in the
Japanese Iiteratmic  Ross and Mchusick % chamacter
zed this group of artenial occlustons as the aoruic
arch syndrome  and halmansohn and Ralmansohn »
termed 1t thrombotic obliteration of the branches of
the aoruc arch

In summary the varous expressions that have been
used to denote occlusion of the branches of the aortic
arch include Trkayasu s disease pulseless diserse aor
tic arch syndrome Martorell s syndrome revensed co-
arctation (blood pressure low 1n the arms and much
higher 1n the legs) and chronic subclavran-carotid ob-
struction syndrome

The major signs and symptoms have to do with in
adequate arteral flow to the brain  Nevertheless 1n
the occasional patient clintcal findings leading to a
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diagnosss of syrgomyeha or other nervous system dis
ease have long pieceded symptoms obviously due to
ischemia  This prompts one to wonder whether or
not certain neurologic diseases of “obscue origin”
may not be due 1 part to selective vascular msuff
ciency

One conspicuous feature of pulseless disease 1s the
relative frequency with which 1t 1s found in young or
middle-aged women, i contradistinction to the rela
tively mfrequent involvement of arteries elsewhere in
women prior to the onset of the menopause. Several
causes have been pioposed, among them syphihitic
aortitis, nonspecific arteritis, atheromatosis, and others
However, the etiology 1n most 1nstances is open to
question and, since cases are now bemng found n all
races and age groups, one suspects that athe osclerosis
per se is a prominent causative factor

The Natural Course and Prognosis of Strokes

A knowledge of the piobabilities following a ceie-
brovascular occluston 1s helplul in the management
of the condition. Robmson and his associates ** exam-
mned the records of 1018 patients with cerebral throm
bosis admutted to three major Woicester (Massachu
setts) hospitals dmmng the yems of 1947 through 1956
The initial attack was fatal 1n 21 pex cent of cascs
Of the 787 patients who swmvived the first episode of
thrombosis, 50 per cent died withim 41 years, while
only 18 per cent of a comparable sample ol the gen
eral population died withm that ume  The prncipul
cause of subsequent mortahity was recurient vast ulw
cisease, which accounted for 85 per cent of all deaths
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These data underscore the value of prompt diignostic
angiography as soon as newologic symptoms hive
appeared to pernt inmediate surgical mersention
where apphicable,

Fortunately the imal sttoke m1y e extreniey
mild and transient with no restdual neurologic deficit
And 1t 18 10 such pauents that the greatest rewards
atiend surgical therapy  Using general approxmit
tons one may assume that in about 35 per cent of
patents the miual stroke will be sudden and massive
and surgery has benefited {ew of this group  In bout
2y per cent the nmnal eflects of the snoke are not
ctastrophic but the nemologic deficit 15 progressne
over the next few hows or days until marked disabi)
ity obtaips  Such progresston may be due to propa
gauon of the njual thrombus  Larly surgical mter
venuon may prove to be of consuderable value in this
group Frnally but exceeingly important 1n about
40 per cent of cses the intial stroke s nmld and
fieeung this affords ample warming and provides ume
tn which precisc anatomic hagnoss and sugical cor
fection am be amied out 10 prevent subsequent
epiodes 1n many patents

DiAG\os1s 01 Occt1510% OF ARTLRINS SUPPIY ING
THI DBRAN

For effective surgicl intenvenuon it 18 necessary to
localize precisely the level o levels of arterial occlu
son Thus 15 wcomphished with dita obtrined from
the bistory physical exanunon certan additonal
metsurements, and atteriogtams
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The History

The symptoms experienced by the patient are re-
lated to the several parts of the body supplied by the
arteries in question ** Since the major trunks mvolved
mnclude the carotid and subclavian vessels, the body
areas primarily affected are the brain, eyes, and the
upper extremities; ulcerations and other ischemic le-
sions of the face have been reported

The central nervous system manifestations range
from mild symptoms of headache, dizziness, and famnt-
ing spells to more severe epileptiform seizures which
may be followed by major neurologic deficits such as
hemiplegia Prominent may be perods of temporary
partial or complete blindness, often associated with
the previously mentioned vertigo Speech disorders
are frequent In the past these fainting spells were
probably considered to be the result of a “carotid sinus
syndrome” 1n many instances When there 1s throm
botic occlusion of the internal carotid artery on onc
side, compression of the carotid on the oppositc side
may produce such brain ischemia that marked hypo
tension, fainting, and epileptiform convulsions result
Marked electroencephalogiaphic changes, along wxfh
typical neurologic symptoms, may be produced n
such patients by change of position on a tilt table ¥

Subclavian artery occlusion, which may have 1¢
duced the flow through the conesponding vertebral
artery (Fig 5), results 1n 1schemic changes that may
produce mtermittent claudication of the arm, o sce
ondary Raynaud’s phenomena 1n the fingers with vaso
spasm, Cyanoss, ti ophic changes, and even muld uleera

tion
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Physical Examination

Once the symiptoms have suggested focal 1schermia of
the brain physical examinatton my afford additional
evidence of artenal occluston  If the pulsations in
the common carotid arteries are of good quahty nd
the braclial artenial blood pressure and rdhal pulses
are normal 1n each arm occluston At the aortic arch
(Fig 5) 15 cssenually excluded  If abnonmal pressures
or absent pulsations are found an zortogram 15 wdi
cated

Thrombosis of the mternal caroud and vertebral
artenes 1% not readhly excluded by physical examinn
ton and arteriograms are essential  Nevertheless
parttal occlusion of cither the internal or external
arotid, or of a subclavian or vertebral artery may be
suspected 1f a brurt 17 ® and thnll are detected over
the carotid bulb or 1n the supraclavicular fossa medh
ally respectively  This partial occlusion may be
sufficient to produce bastlar arterial insufficiency upon
occaston with transient visual disturbances, dizziness
or fainting spells  Thesc attacks may be precipitated
by sudden changes 1n posture and agarn may be asso-
aated with electroencephalographic alterations

In addiuon to simple blood pressure measurements
n the two arms oscillometry and finger plethysmogra
phy may be helpful in detecung differences m blood
flow through the arteries of the upper extremity

Ophthalmodynamometry Wood and Toole ** have
emphasized the value of ophthalmodynamometry for
the identification of occluston of the internal carotid
artery on the same side  In brief a relative pressure
measurement 1s made 1n the central artery of the retina
(a branch of the ophthalmic artery Fig 6) by gradual
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compression of the globe and the demonstration of
obliteration of flow 1n the central a1 tery of the 1etna
at a lower level than normal For example, as the
pressure 1s mcreased, pulsations usually appear m the
artery at between 20 and 70 grams of pressure and
usually cease at between 60 and 130 grams of pres
sure  In five cases of proved occlusion of the nternal
carotid artery the pressure in the central artery was
found to be subnoimal This procedure 1s considered
to be somewhat safer as a test than 1s the use of digital
compression of the unaffected carotid artery, since such
compression may set off a convulsion with a maiked
drop 1n blood pressure and possible unfavorable se-
quelae such as hemiplegia

In examining for the possible presence of occlusive

_OPHTHALMIC A.
BASILAR A ~___ -

~

VERTEBRAL A .
-
“~=_INT CAROTID A

=~~~EXT CAROTID A
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/\ @\
I'ne 6 "The fact that the ophthalmic artery supplics tilz
retina forms the basis for ophthalmodynamometry mNtzlc
diagnosis of reduced pressure in the Circle of Willis 0b
sites of 1njection for carotsd and vertchral (through su
clavian) arteriography
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disease of the arteries supplung the brin 101s always
important to rule out other lestons  Both vascular in
sufficiency and brain tumor m1y be found m the same
pattent upon occasion 1nd of counse the one may
mimic the other ™

Angiography ¥ 1* 11 10 8 0

Arteriogriphy for the localizauon of intracramal
tumors whs first acported by VMoniz? o 1927 [he
technic was extended by Raobb and Stenburg 9 n
1939 when they reported visualizion of the cham
bers of the heart pulmonary arculation and the
aortic arch with 1ty great vessels i man Visuahin
tion of the vertebral arteries 13 achicved by injecting
the radiopaque medium 1nto the subclavian artery
on cther side (kg 6) or ditectly into the veitebinls
themselves

Selection of Arteriographic Approach  \bsence of
pulsattons 1n the subclavian or common cirotid ar
teries requires angiographic visualizauon ol the noruc
arch. This may be aclieved 1 1 variety of w1ys m
cluding complete angiocardiography through an ante
cubital vein or by retiograde injection through a cer
vical branch of the aorta or by passage of a cirdiac
catheter retrograde through a femoral artery If the
common carotid pulses are present caroud arterio-
grams are required to exclude occlusion of an 1n
ternal caroud at the level of the carotid bifurcatron
(Fig 7) In addiion the vertelnal arteries should be
visualized by means of subclavian arteriograms — Since
at present the intraloraninal poruon of the vertebrl
artery is not accesuble to surgical attack, direct ver
tebral arteriograms add little to the end results of
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Fic 7 Caroud arteriogram Note almost complete oc
cluston of the left imternal caroud artery by an athero
sclerotic plaque  The patient had experienced several
episodes of visual disturbanccs accompanied by vertigo

surgery directed toward the relief of occlusive diseast
On the other hand, the more distal portions of the
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vertebral attenies as well as the basdar antery arenore
vividly outhned when the radiopaque medium 15 m
jected directly into the vertebral artery instead ol into
the subclnviin and tumors of the postenor fossa o1
occlusion of the basilr artery s better demonstrated
by direct vertebral arteriography

Hazards of Cercbral Arteriography Linportant and
highly valuable as 1s cercbral arteriography 1t 18 at
tended by very defimite hazards  The smallest amount
of matertal 1n the lowest practicable concentrition
should be employed for visuahization of the vessel m
question kst the infiluatton of the commonly used
materials such as Hypaque or Urolon around the ves
sel may resultin atked pamm nd inflammation often
assoaated with vasospasm  The brachial plexus is
of course adjacent to the subclavian artery  Second
the injection of the materal into the caroud artery
for example frequently causes the patient pan and
discomfort and may produce considerable 1asospasm
in the smaller vessels of the brmin  Such vasospasm
with the attendant inflammatory reaction may result
i thrombosis with additional imparrment of the
blood supply to the part. Bran damage secondary
to carotid arterlography 1s not particularly rre

MANAGEMINT oF OccLusive DISEASF OF ARTERILS
SuPPLYING THE BRAIN

It was pointed out earlier that approxumately 35 per
cent of strokes are sudden masstve and permanent
about 25 per cent are progressive and about 40 per
cent are transient It 1s those patients with minor and
Tansient strokes who are most likely to be benefited

corrective surgery where the euology of the stroke



42 Surgery of the Aoia

1s that of paitial or complete occlusion of one or more
of the major aiteries supplying the bramm  Thec aie
of course medical measures which can be nstututed m
those patients in whom surgelry 1s contraindicated [or
one reason or another These include geneial sup
portive tieatment, vasodilatol diugs, and anticoagu-
lant theiapy—in addition to6 cexvical sympathetic
block  Associated vasospasm may occasionally play
some role in the total effect of cerebial thrombosts
i producing cerebral ischemia Nevertheless, it was
not unul reconstructive arterial smgery became avail:
able for the management of brain ischenua that truly
significant advances were made mn the tieaument ol
this frequently catastiophic conditton  Furthermore,
even patients who have had a sudden and massive
stioke occasionally will improve if operation 1s car
ried out immediately. What 1s required is that ang
ography be performed promptly, and the site of ot
clusion idenuified at once. Operation 1s then exccuted
at the site indicated, under local anesthesia where
possible, 1f the occlusion 1s located withun the thora,
light general endotracheal anesthesta 1s used.

Again, when the appropuiate atteriogram 15 per
formed and demonstrates one specific sic of pattal ot
complete occlusion, thrombosis of othel majol arterics
should be demonstrated or excluded The reason for
this is that, whereas partial occluston of onc mtcrnﬂ}
caronnd artery may have been discloscd by the ‘”“'
tial arteriogram which was prompted by a transient
stroke aflecting the opposite side of the body, the other
inteinal carotid may be completely occluded Morc-
over, one o1 both of the vertebral arterscs may be par-
tially or completely occluded.  In the event that on¢



Occlusive Disease of the Ailertes 43

mternal carotrd arters should prove to be completely
occluded with the other one only partally occluded
1t will [requently be possible to perform endarterec
tomy or to do 1 bypass of the completely occluded
artery fist without the use of a temporiry shunt or
hypothernua—~this being possible because of the flow
afforded by the partally occluded opposite mterunl
carottd artery and through the vertebral attenes when
they are not occluded  Therealter the partnlly throm
bosed carotud 15 sn turn attached  On the other hand
to attempt to occlude the partinlly thrombosed tn
ternal carotid artery cven temporinly in the presence
of complete occlusion of the opposite mternal carotid
artery might well result an senious bimin schemia
Whether or not 1 temporary bypass 15 required may
often be determined by the reaction to temporary oc
clusion of the mternal croud artery on the exposed
side” should the pauent tend to lose conscrousness or
the blood pressure to f4ll a temporary shunt must be
employed It 15 not often necessary to use a shune
for thromboendarterectomy m the relief of occlusion
at the 2ortic arch since collateral circultion 15 usu
ally extensne  However thromboendarterectomy is
usually avouded here i favor of the bypass procedure

Operative Approaches to the Ascending Aorta
and Aortic Arch, Great Vessels Vertebral
Arteries and Internal Carotid Arteries

In Figwies 8 wd 9 ne shown massons for exposure
of the ascending aorta totuc arch sulxlavian verte
bral aalluy and mtanal cnoud utenies  The s
cending aorta for use 1n the tnseition of a bypass
prosthesis may be exposed through either a right third
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intercostal space incision or through a sternal splitting
inasion  The latter gives excellent exposure, but 1t
1 more trtaumatizing to the patient than s the inter-
costal mciston  Furthermore, the edges of the divided
sternum may be the site of considerable oozing n the
postoperative period, though this may be controlled
with bone wax or by closure of the sternum over gel
foam Adequate exposuie of the vessels of the aortic
arch 1s best secured through a Iimited median sternot-
omy inasion (Fig 9) The common catotid ateries
are readily exposed thiough a tiansverse cervical -
cision, as s a portron ol the subclavian artery on erther
side. The bifurcation of the common carotid artery
15 exposed with an ncsion 1unning along the border
of the sternoclerdomastoid muscle n the appropriate
location The masion for exposwe of the vertebral
and the axillary arterzes 1s shown m Figue 8.
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Frequently scparite short proximal and distal an
asions are adequate and oune thus nwoids a long in
asion  The prosthess 1s anastomosed proumally and
then a tunnel 1s mde with the finger or a kelly hemo-
stat to pass the prosthess from below to the pont
above at which 1t 1s to be anastomosed distal to the
level of arterial occlusion

L.

W\

\
g9

Fic 9 Ihe sternal sphitung mnasion 18 carried ntoe the
nght thurd Interspace or the left third mtenpace depend
'0g upon the exposure denired It 13 not often necessary to
€xase the medial third of the clavide on the side where
the greater exposure 1s desiredd  The sternum 13 reapproxi
mated with interrupted wire and silk sutures.  Qoang from
the divided margins of the sternum 1s controlled with bone
wix and gelfoam. At times clectrocautery 1s also helpful
Lhﬁugh prolonged and excessive bleod loss from ths source

uncommon unless hypothermma or the pump-oxygenator
B used.
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Aortic Arch Occlusions: Innominate, Left Common
Carotid, and Left Subclavian Occlusions of the gicat
vessels arising from the aotuic arch 1€ best managed
by aterial bypass 1 oSt INStaIees (lg 10) \ po
tion of the wall of the ascending 20! ta 15 tempordl ily
excluded by means of a special clamp, and the prov
mal end of the prosthess 15 then ;mastomoscd to 1L,
the distal end of the prosthesis 13 anastomosed 10 the
appropriaté vessel beyond the pomnt of occlusior
This avoids the necessity for tempomnly occludin
the aorta at the arch, as would be the casc with en

P

m of the grett s
ith artertd by

{ of the p]’(ﬁlh(.ﬁh, psutadhy
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fi, 10 Occlusint disease at the orig

scls from the aortic arch 15 best managed W

ass graft Ihe pmxlmal ent
7 eflon or Dacron, 15 annstomoscd 0o apoe
of the ascending aortd which has bec
with 4 sprural curved proncrushiing Jamp
of the prosthesss 18 nnnstomoscd cn
priate arten distal to the pont ©
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arterectomy or resection aud 1t establishes a sausfac
tory pulsanle flow  The actunl locaton of the distal
anastomosis will be dependent upon the extent loca
uon and number of vessels affected by thie occlusive
process  Multiple mvolvernent of the vessels of the
aortic arch 1s liequent and 1 nfurcated or even a tn
furcated grft may be destmble ™ The length of the
artenal segment which 15 occluded vartes but 1t s
often quute short and the entne bypass mnv be con
fined to the chest

Internal Carotid Artery Occlusion® 7 1 18 28 1 33 1
‘1247 If a pulsaung common carotid artens on cach
side idicates thae there 1s 1o occlusion of these ves
sels at therr ongwn ftom the nominate arery and
the aorta respectively angiograms performed directly
through the common carotid vessels may disclose oo
dusion of an internal carotsd artery on one sde (kig
7) or on both siles A\gun the stitus of the vertebral
artertes should also be determined by subclavian ar
teriograms (big 6) before opemtne mtersention 1
undertaken

Assuming that complete catotid occlusion has been
demonstrated on onc side perhaps with partial occlu
s1on on the other, a surtable inciston 13 made to expose
the carotid bifurcation on the side of complete occlu
son  Should the occlusion attacked be mncomplete
the desirability of the use of 1 temporary bypass (Figs
11'and 12) extending from the comuion caroud artery
to the mternal cuoud attery distal to the level of oc
dusion at the bifurcation must be considered s 1n
dicated above since the operiton 1y preferibly done
under local anesthesta any central effect of the tem
Porary occluston of thus limited blood flow will be
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noted immediately and a bypass can be used if the
patient exhibits symptoms referable to brain ischemia
Whether or not a bypass is required in the given case,
the occlusion of the internal carotid artery may be
managed by erther endarterectomy (Fig 13) o1 bypass
graft The majority of such occlusions are suitable
for endarterectomy and, since this represents a smm
ple procedure, 1t is employed by the majority of sur-

\

. \=—==—=INT. CAROTID A.

-

THROMBUS ——

Fic 11 1hrombocndartercctomy can often be pcr{onn}ctcf
without the usc of erther a shunt or hypothermia u’TthlP
mternal caroud artery has becn completely occ‘ludcd s
esternal shunt 1s readily applicable i most circumstd
wherce a shunt s required
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geons  The endarterectomy as pieferably peformed
through a transverse nasion made 1n the common
arotd en just below the bifurction By mak
mg the meston an the laiger of the thice arternl
branches winch contibute 1o the Wbmcaion one
reduces the posulnlis of settowsly encroiching upon
the lumen of the internal cwroud artery when clos.
ing the artertal incsion  'he artery may be par

FIS 12 The internal shunt permis a greater volume of

:)hlwd flow duning endarterectomy than do most external
unty,
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tially o1 completely divided with this incision (we pre
fer the foimer), and the endartercctomy carnied out
upon the involved segment of the common carotid
tery as well as 1ts mteinal and external branches
Following thus the arteiial defect 15 dosed by uans
verse sutule

It 1s frequently advisable to use a patch giaft (Ig
14) 1n the cowse of closing the arterial mciston, pat
ticularly 1f 1t has been necessary to make an incision
i the internal caiotid aitery 1® This aflords an

——

M ’
L}

f1o 1% 1hromboendartercctomy s currently the pm:(f
dure of choice for the managament of most pstances 0
occlusion at the bifurcation of the caroud arters \ hulc(
it 15 not applicable because of the length of the s(gm(;“
mvolved 1 the occlusne process, a by pass graft )
cmployad
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acase in the size of the encumference of the internal
aroud artery roughlv equivalent to the swre of the
small patch graft employed By thus tactic a reduction
n the intraluminal diameter of the vessel 15 woided

Should an endarterectomy prose not to be feanble
in the grven case perhaps because of thrombosis of a
relatinely long segment of the artery an artenal by
pass gralt can he nserted from the common carotid
artety below to 1 point distal to the level of occlusion
of the inteinal caroud artety  In genertl the bypass
graft should be of gicate diameter than is the in
ternal caroud artery to which at 1y bemg anastomosed
1 an end to-side fashion

W

AT MTIARAL CAROTD:

he 14y patcht gralt pents onc to noid naoach

ment upon the lumen of the carotid vessel in closing the
fncsion



e 15 Simce segmental thrombosts ol the vertebral @
terres most often occurs at therr origin from the subclavian
arteries, vertebral thrombocndartcrcctom) 15 best pcr[ormcd
through an masion in the much larger subclavian artery '/
If the occluded scgment s long, however, a bypass graft
from the subclavian artery distally to the vertebral arten
beyond the level of occlusion may be applicable The por
tion of the vertebral artery which courses through the cervt
cal tamsverse proccsses (1 1z 6) s not rcadihy accessible 1o
surgical attack

S
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Vertebral Artery Occlusion. Thromboses involving
the vertebral artenies are usually short and located at
or near the subclavian artenes® ¢ Once complete
occlusion his occurred however the thrombus may
propagate In most wnstances 1t 1s possible to find a
patent segment provimal to the mufornunal por
tion of the vertebral artery (kig 6) It 15 not uncom
mon for both vertebral arteries to be occluded but the
successful endarterectomy or bypass of one occluded
rvessel 1y supply sufficient blood flow to the basilar
artery and 1ts branches to permut adequate oxygena
uon of the brain  Since an 1ncsion 1n the relatnvely
small vertebral artery with longitudinal closure carmes
with 1t a considerable harard ol constricion of the
Iumen of this vessel and subsequent thrombosis the
endarterectomy is often best performed through an
incsion made in the subclavian artery opposite the
ongn of the veriebral artery (Fig 15) ' If the occlu
sion of the first part of the vertebral artery 13 extensive
but 1s still associated with a patent segment proximal
to the vessel s entrance into the tranverse processes of
the cervical vertebrae a Lypass 13 employed both the
subclavian and vertebral arteries usually bemng ex
posed through a supraclavicular inaision 1n the neck
(Fig 8) Occasionally however 1 vertebral arteny
arises frem the subclavian artery in the medinsunum
and under these circumstances a combined cervico-
thoracic indision with splitting of the sternum to the
level of the third interspace 18 employed (Fig 9)

Additlonal Conmderations Duning Surgery

1t is extremely helpful to maintain the pauent in
a state of consaousness wherever possible.  Hypoten
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ston 1s sciupulously avoided by the use of adequate
blood transfusion and vasopressor agents as 1equired
—for even brief drops in blood pressure may 1esult n
hemiplegia DeBakey and his associates ¢ have rec
ommended that the blood pressure be elevated m
peripheral arteries to perhaps 200 millimeters of mer-
cury during the period of occlusion of the mternal
carotid on the side where the operation 1s being per-
formed This 1s accomplished by using a contnuous
intravenous dup of dilute neosynephime solutton to
inaease blood flow thiough collateral channels in
order to prevent a sudden diop n blood pressure from
blood loss o1 noxious reflexes

Results of Surgery

In surtable cases the results of swgery have been
most favorable Where the level of arterial occlusion
1s susceptible to endarterectomy or aiterial hypadss
graft, with restoration of pulsatle flow to the distal
arteries conunuing to the braimn, the patent’s episodes
of transient cerebral symptoms have been 1clieved
completely  Once again, 1t 1s extiemely mmportant to
diagnose artersal occlusion before a severe strohc has
occurted  Patients who have had transient cential
ncurologic phenomena respond far more favorablhy to
carcful 1cconstiuctive surgery upon the artenes sup
plymg the bramn than do those who have had @ maol
cerebrovasculm eprsode with porhaps permanent net
rologic defiat Nevertheless, even those who have had
major strobes should have the bendfit of immeduate
arteriography for, should a block susceptible 1o surgd

cal corrcction be demonstiatad, prompt oprinne i
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tervention may result 1n the salvge of a number of
such patients
SuMMMARY AND CONCLUSIONS

! Brain ischemia 1s frequently duc to occlusive Ie
sions of extracranial arteries that are reachly amennble
to surgrcal attack.

2 The great branches of the aortic aich ulmately
give nise to the two internal caroud arteries and the
two vertebral artenes, which form the Circle of Willis
and the bamlar artery respectively  Arterial nsuffi
ctency may be due to thromboses situated at any
point between the aorta and the smaller intracranial
branches

3 The common sites of cxtricriminl atherosclerotic
thrombosts are found at the origin of the mnommate
left common carotid artery and Jeft subclwian artery
along the aoruc arch At the hifureatton of the com
mon caratd arteries and at the ortgin of the vertebral
arteres from the subclavian arteries  When occlusion
of both common caroud and both subclavian arteries
occurs the syndrome 15 often referred to as pulscless
disease

4 In about 35 per cent of patients the initial stroke
18 sudden massive, and permanent in about 25 per
cent the attack 13 not severe initlally but 1s progressine
and may over a period of days result in marked dis-
ability and 1n about 40 per cent the 1mtial episode
s mild and transient It 15 1n the last group that
prompt diagnosis arteniographic localization and sur
gical intervention are most rewarding

5 The symptoms and signs of brain uchemia range
from mild headache vertigo and fainting spells to
more severe epileptiorm serzures which may result in



S6 Swgery of the Adoita

major neurologic deficits such as hemiplegia Tem
porary episodes ol visual disturbances and speech dis
orders ate common The “carotid simus syndiome” s
now known to 1eflect partzal o1 complete acclusron ol
an internal carotid artery m many or most mstances

6. The diagnosis of occlusion of one or more of the
great vessels at then point of origin lrom the aorta can
be made ftom physical exammaton and confumed
with aortography Stenosis of the mwnal cuotd
or vertebral arterzes may be suspected if a biuit 1
present but, in essence, those lesions must be diag-
nosed by arteriography

7. Occlusive lesions of the gicat vessels at their on
gin from the aoita are best managed with by pass gratts
Similar thrombosis of an 1mternal caroud o1 verteial
artery is usually cotiected by endaiterectomy and only
occastonally with a bypass graft.

8. Local anesthesia 1s used whenever possible to per-
mit immediate detection of neurologic changes duimg
operation and to avoid certain hypotensive cflects
which often accompany general ancsthesia  Lien
brief drops 1n blood pressure may result in hemiplegi

9. The results of surgical coriection of extracrantal
artertal thromboses producing brain sschemir e ex
cellent 1n suntable cases
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Diseases Imolving the Arternl Supplv
to the Upper Extrenuties

ESPITE the specticular advinees that have
been made m the management of many r
teral diserses mrecent years those nvolving
the upper estremity hase accened relatively little
attention Tt 15 true that these vascular lenons do
not often cruse missive gangrene stnce the collateral
circulation of the arm 1s extensnne Nevertheless the
symptoms which result fiom relative ischema can be
most annoying and even incapaatating  And n the
occasional patient partinl amputation of the extremity
will be required 1f occlusion ol the subclavian 1xal
lary or brachial arte1y cannot be relieved
Most diseases which affect artenies elsewheie mn the
body may occur in the upper extremity but certan
condutions are particularly apt to imvolve the vessels
of the atm and some are pecubar to this member
The following will be considered

A Thoracic Qutlet Syndromes
I Scalenus Anticus Syndrome
2. Cervical Rib Syndrome
B Occlusive Dusease of Major Arteries
C. Reflex Neurovascular Dystrophy
61
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Diseases Involuing Artevial Supply 63

D Raynauds and Other Vasospastic Discases
1 Raynuud s Diserse
2. Vibrung 1 ool or Peicussion Syndiones
3 Syndrome of the Middle \ged Female
4 Sclerodermn
E Buerger s Diserse (Thiombongutis Obliter ms)
F Obliteritine \thetosclerosts of the Digial Artenes
G Arcunysms Fmbolism wd Tyt Injunies

CENFRAL CONSIDIRATIONS

Anatomy The arterial supply to the upper extiem
1ty 15 shown m kigure 16 1he lelt subelvian mieny
arses from the aoruc arch and the nght subclavian
artery arrses s a branch of the mmnominate nrtery
These vessels m1y be occluded at their onigms or at
any pomnt along their course and the inasion used
for exposure of the occluded subclavian artery will
depend upon the segment that 1s discased [ he mun
thoradlc portion is best approached using a sternal
sphitting masion and the supraclavicular poruon 18
exposed through an incsion above and parallel to the
cavicle The axillary artery may be visualized using
an wmcsion in the delto-pectoral groove with or with
out division of the tendon of the pectoralis major mus-
cle as 1t mserts on the humerus It is not usually nec
esary o divide this tendon for one can work above
and below 1. The rest of the arteries of the wrm are

occlusion 13 far Jess likely to occur in the arm than in the
leg  Nevertheless, even If gangrene should not develop a
relative schemea can result it conuiderable disabulity  Thas
an effort should be made to restorc normal arteral flow
wherever pouible  Severed arteries at virtually all levels,

ncluding those at the wrist have been successfully anasto-
mosed



//

VERTEBRAL =~

PROFUNDA BRACHII ~

-~
BRACHIAL —
ULNAR ——

RADIAL —— — 7~

DIGITAL ARTERIES —__

1108 S

Tie 1o The collaertd artcnd supply to the upj '
et

trams s extensine and major gangrene followms 2

[



Duseases Involving ditevial Supply 63

D Raynuds nd Other Vaisospastuc Diserses
1 Raynrud's Discase
2. Vibraung ool or Percussion Syndiome
3 Syndrome of the Middle \ged Female
4 Sclerodermn
E. Buerger s Disease (Thromboangius Obhita ms)
F Obhiterauve \therosclerosss of the Digatal \itenes
G Ancurysms, Embolism and 1t Injunes

CENERAL CONSIDIR ATTIONS

Anatormy The arterial supply to the upper extiem
1ty 15 shown 1 Figure 16 I'he Ieft subclavian ntery
anses from the noruc arch and the right subcavian
artery anses as 1 branch of the mnomnate artery
These vessels may be occluded at their origins or 1t
any potnt along their course and the asion used
for exposure ol the occluded subclavian artery will
depend upon the segment that 13 discaised  The intm
thoracic portion 13 best approached using 2 sternal
splitting 1inasion and the supraclavicular poruon s
exposed through an masion aboave and paralicl to the
clavicle  The axillary artery may be visualized using
an ncision sn the delto-pectoral groove with or with
out division of the tendon of the pectoralis major mus-
cle as 1t inserts on the humerus It is not usually nec
essary to duide this tendon for one can work above
and below 1t.  The rest of the arteries of the arm are

occlusion 13 far less likely to ocour in the arm than in the
leg  Nevertheless, even if gangrene should not develop o
relative nchermia can renlt in considerable disability  Thus
an effort should be made to restore normal arteral flow
wherever pomible  Severed arteries at wirtually all levels,
includiog those at the wrist have been succewfully 1nasto-
mosed
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and these featmes have been most commonly de¢
satbed under either the scalenus anticus syndhome
o the cervical 11h syndrome, o 4 combination of the
two  These wo conditions nay overlap consderibly,
and a taut scalenus anticus muscle compresimg the
subclavian artery may also be assoctated with o ccrvy
cal 11b,

Scalenus Anticus Syndrome Without
Cervical Rib

Anatomy and Pathophysiology. “Ihe stucinres
which  parncipate in the  scalenus anticus  syn
drome ™ " 11 30 shown 1 Figme 18 1he subdavuu
artery a5 compiessed as 1t emeiges from the thoras
postetior to the scalenus anticus muscle and the first
thoracic b T he scalenus anticus syndrome 1y often
found 1m women with low sloping shoulders, and u
can be aggavated in some patients by deep mspna
tlons  “The scalenus medius muscle has been merim
mated m some subjeats  In Fact, i ane patient we
operated upon there was o fum fibrous hand runmng
tlong the anternior border of the alenus medius mus
cle, and thiy band appeated 10 be causing at lewnt
partof the indentation of the subclayian e

Fhere is no general agiecement rcgandmg the man
ner an which the scalenus anticus mus e produces
subelavian ATICrY compression Among the devition
reported by diffcrent surgeons have beon an i ol
broad insertion of the sealenus anticos Home the firs
tih, fibrosis of this muse le, andd Ivpernophy vl b
normal spasin Neverthelews, no pattical o poathelo,
has been convstently obsgyedd i the woglenns aninb
mtse e, v st wounld tppray thit « combananon of
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factors results in the compression of the subclavian
artery  In addiuon to actual compression of the ves-
sel 11self there may also be a type of Raynaud s phe
nomenon due to reflex vasospasm [rom the arterial
compression or [rom activaton ol elements of the
brachial plexus.

Cliical  Findings The patient most often a
woman usually consults the physican because of
pain coldness cyanosis tunghng patesthesin [rugue
or numbness in the arm and/or hand when it 1s ele-
vated above the head (Fig 19) and at times even when

Fia. 18 The clements of the brachial plexus and the
subelavian artery cmerge between the salenus anucus and
scalenus medius muscles to supply the arm  In some pa
tients, in a manner that is not always clearly percepiible
the scalenus anticus muscle compresses the subclavian ar
ety This u often aggravated by turning the head to the
side of the leson or by elevation and hyperabduction of
the arm  Acherosclerouc plaques may form at the nte of
compression and repeated trauma  Many pauents can I
managed comsennauvely but the more severe cases may re
quire diviston of the scalenus anticus muscle with or with
out cervical sympathectomy
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1t is at the side Pam may also be felt i the sup
clavicular area and up the side of the nech. Wh
symptoms occur internuttently with the arm at t
side and the radial pulse present, an irrtauve va
spastic element should be suspected  However, wh
the arm 1s clevated above the head and abducted the
may be enough compression of the subclavian aite

e 19 Adson s descnibed several mmportant aspocts of
the scalenus anticus syndrome, ncluding obliteration nf
the radial pulse by turning the head to the invohed adt
Iyperabducton of the arm and turning the head <horph
to the opposite side may also dimimsh or oblitcrate the
pulse

to produce jschemia of the fingers due 1o oblitaing
of pulsanle flow "I patient may complaun of sote
ness o) numbness, or that the aim “goes tostoep” when
she s performing work whieh requines clesanion of
the aims above the head, such as thiat of hmnng
clothes on o dlothes hne, the imvolved aim o e
verv quuchy and hase to be oy ored agrun
Obliteration of the pulses may also by pnuhuui I
lomang the am at the side aned torng the le al
h aphe tow nds tie diccuon of the affocnsd o steen
1y The same offecr of comprosson s produeed an
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some pattents by turmng the head sharply to the sule
opposite te in which the symptoms have oceunred
In additon to changes m the pulse and blood pres-
sute one may feel ¢ thrll in the supraclwicular space
on the involved side nd a bruit may be heard at this
pomnt. It has been noted by us and others that the
brurt and other findings indicating compression of the
subclavian artery may be exaggerated by asking the
pauent to take a deep breath If the compression of
the subclavian artery has resulted in dilatation or
ancurysm” formatton ol the subclavian artery distal
to the scalenus anucus 2 pulsating mass may be felt
Atherosclerotic plagues may form even in the absence
of dilatation  If the blood pressure in both arms is
normal and the values are essentially equal with the
arms at the sides when the patient 1s supine occlusion
by thrombus or by embolus 1s essenually excluded
Agamn the scalenus anucus syndrome may be assoa
ated with a cervical nb but at this point in the dis-
cussion we are confining our remarks to the scalenus
anticus syndrome where there is no cervical nb

One can be misled regarding the clinical significance
of the diminution 1n the volume of the pulse when
the vartous mancuvers described above are performed
for the pain may be due to an entirely different cause
In other words many normal subjects who have no
symptoms whatever may have a positive Adson test
tndicating compression of the sulxlavian artery and
several other conditions which must be considered n
the differential diagnosis of scalenus anticus pain are
listed in Table I For example, we recently saw a pa
uent who was being considered for surgical correction
ofa scalenus anticus syndrome  when 1t became clear
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that his symptoms were due to compression of
spinal neives by marked ceivical osteoathrius
\rteriograms arc not usually necessary
Management. In many patients tonscivative e
wmes consisting of 1eassurance, sedaton, awd physin
therapy suffice to relieve the symptoms, and maduathy
the condition may subside In athers, however, the
reduced blood flow produced when the anm is clevated
above the head or hyperabducted dunng slecp 1s such
as to constitute a genuine indication for sugical inter
vention At operation under genceral ancsthesit the

Tanir V' Some Causes of Pamn i the Shouldir,
Arm, or Hand

—— S, o e o

I Nenc Lesions
a Cervical disc (hernated)
b Spmal cord tumor
¢ Supcrior sulcus tumor
d Neoplasm of brachial plesus (as i ncurolibromatass
¢ Peripheral neuritis
[ Iraumatic injury to brachial plesas

i ——a e

2 Vascular Lesions
a Scalanus anticus syndrome
b Cervecal rib syndrome
¢ \rteninl thrombosis
d Aneunysm
Yo naud’s disease
{1 hromboangntin oblitcrans
1o Valnang tool (paansion) syndrame:
I Roflexn neuro vascubir dystrophns
¢ Oblieritine heroseleratie dive me af teepun] otriis

~

oA anrons
v Cenvical oucorrthtanns
b Buaran
¢ Rederred pon from the deaplie v bir art o
1l

NTRRL}
fl 11
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supraclavicular space is best explored through 2 trans-
verse inasion above the clavicle (kg 18)  The skm
platysma muscle, omohyold muscle and the clwiclar
head of the sternoclerdomasterd muscle ne divided
TTis allows onc to sdentily the scalenus 1nucus inus
de along the anterior smiface of winch tuns the
phrenic nerve which must be identtfied and 1ctiacted
out of harm's way  Next the location of the subcela
vian artery is idenufied by palpation and the elements
of the brachial plexus running immediately dpreent
to this vessel but superior to 1t are exposed and gently
retracted  Once the pomnt of exit of the subclavian
artery between the scalenus anticus and the scalenus
medius muscles has been idenufied one can deternune
the eflect of turming of the head towards the side of
the lesion on the subclavian pulations  In one pa
tient we found that the scalenus anticus muscle very
definitely did compress the left subclavian artery when
the head was rotated to the involved stde by the an
esthesiologist  Here the effect of the scalenus anticus
muscle was augmented by the fact that a hard fibious
band ran along the antenor border of the scalenus
medius muscle giving a firm structure agalnst which
compression by the scalenus anucus muscle could be
more effectine  Once the unportant structures of the
area have been carelully exposed and the nerves gen
tly retracted the scalems anticus muscle 15 divided
near its potnt of sertion on the first nb  This usu
ally serves 1o free adequately the subclavian artery
The thoracic duct enters the angle made by the junc
tion of the leit sublavian and internal jugular veins
and care 13 1¢equired to avoud injury to 1t as the scale
nus anticus 15 divided near {ts insertuon
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Sympathectomy is occasionally indicated as an add:
tional measure following division of the anterior sca
lene muscle, though 1t is more often performed as a
part of the surgical treatment of the cervical rib syn
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I'ic 20  An adequate ccrvical sympathectomy, with &
asion of thc stellatc ganglion, results 1n a Horner's syn
dromc  The masion shown (A) 1s deependd to mr]m}c
division of the clavicular head of the stcrnorludomnstmd
muscle and thc¢ omohyord musde (B) The subclavian
artery (C) 1s rdenufied by palpauon and s than dissceted
free from the brachial plesus above 1t The vessel 1s then
rctracted downward and forward to cxposc the pleura and
the first 1ih posteriorhs just below the thoracic nlet Ihe
pleura s then elavated from the first two nibs using lunt
dissection  The nfcrior <ervical ganglion (or stellate gan
alion 1if thc mfcrior cervical and first thor e arc fused)
can then be palpitad as a subfasaal structure about tht
size and shupc of a shddled paanut lying against the neck
of the first b (D) We preder o esasc the stell e gan
ghon, the sceond thoraac ganghon, and the cham betweed

thom
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diome  We prefer the supraclaviculwr pproach to
the stellate ganglion (big 20)  The subclsian artery
1s renacted downward and forward and the fascia s
divided to pernmit blunt dissection of the pleura from
the first and second nbs posteniorly  The infertor
cenvical ganghon (which when fused with the first
thoracic ganghon below 1 termed the stellate gan
glion) 1s a rather large structure being tbout the size
of a shelled peanut It Jies on the neck of the fint
tb - The sympathetic chamn may be found and pal
pated beneath the endothorac fasaia Il at umes
the mfenor cervical ganglion s difficule to Jocate the
sympathettc chiamn can be idenufied along the necks of
the nbs postenorly and traced upward  Most sur
geons agree that in performing an adequate cervical
sympathectomy the inferior cenvical ganglion (or fused
stellate) must be exased and a Horners syndrome
1ccepted

Yet sympathectomy 15 not commonly required  As
arule disision of the scalenus anticus muscle along
with any fin fibrous band which may be runnmg n
Iront or behind the subclavian artery 15 sufficent to
free the vessel from compression 1n our experience.
Rarely thrombosis of the artery may exist due to re
peated trauma at the site of compression and post
stenotic dilatation may develop  Such dilatation of
the vessel 15 however more common 1 association
with the cervical nb syndrome than with the pure
scalenus anticus syndrome  Postoperatively the blood
pressures 1n the two arms should be normal and equal
regardless of posture or position of the extremity

Lastly 1t 15 to be emphauzed that the patient in
whom an operauon 1 required for a genuine scalenus
anticus syndrome 1s relatively rare.
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Cervical Rib Syndrome

Anatomy ** and Pathophysiology In contiast to the
scalenus anticus syndiome, m which the precise cause
of the arterial compression is at times difficult to dem
onstrate clearly, the ceivical 11b syndiome 1s associated
with far more definite anatomic deiangements In
Figure 21 aie shown the usual findings when a cervical
11b 1s present and 1s compressing the subclavian artery
The artery 1s most likely to be encioached upon when
the cervical rib 1s complete and when the distal end
of this structure 1s enlaiged whete the artery passes
over 1t Of couse, the cervical 11h may vary m length
from a very shoit stubby stiucture—or a shaip pornted
one with a long fibrous attachment to the fist rib—
to a complete r1ib  Ross 48 has pointed out that 1f the
cervical 11b 1s a complete one, articulating with the
fust 11b, the brachial plexus olten comes ofl onc scg
ment higher up and neural compiession 1s not a prom
ment featwmie In this circumstance, however, the sub
clavian artery may be compiessed as 1t c10sses ovel o
enlaigement of the distal end of the cervical 11b (I8
21) (Some authors have portiayed the anatomic situa
tton with the subclavian airtery passing between the
cervical r1b and the first 11b but, 1n om expercncc
the artery has passed above the cetvical 11b) In con
trast, when an incomplete cervical rib 1s short and
ponted, a fibious band may connect the distal end of
the rib to the fitst thoracac rib, m this cincumstanc
compiession of the nerve roots * may 1esult m a chim
cal picture of scgmental sensory loss with wasting of
the small muscles “ of the hand, but theie 15 less like
hihood that the subclavian mitay will be encroached
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UPOH Thus 1 one¢ ctrcumstatice one lllﬂ) h:uc
largely vascular manifestattons of the cervical nib and
1n another largely neurologic manifestations

Although the cervicnl 1ib 1s present at buth further
development 1 1ts size and 1ts ability to compress the
subclavian atten occurs with growth  In fict rela
uvely few panents develop symptoms prior to the age
of 20 though one girl we teated was only 15 vears of
age

Of course, many persons have umilaterl or bilteral
cervical nbs which never produce senots symptoms
Neverthieless pattents with a symptomanc ceivical rib
should be followed cirefully  Shenkin®' reported
thice pauents with a cervical rily who had sustamned
subdlavian artery thromboss all of whom hd had

Fi¢ 21 The cenial nb may be wen comprossing the
subclavian artery as 1t counes over the enlarged bony tip
Arm pain may be due to both hichemia and/or presure
upon the brachial plexus  1hrombosis of the artery at the
point of compression 13 not rare  Treatment consuts of
exerslon of the dutal tuo-thirds of the rib with or without
drvislon of the anterior scalene muscle and at times cervical
Sympathectomy
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mild symptoms for several years preceding this serious
complication In fact, the diagnosis of cervical r1b
syndrome had been made early 1n each instance, but
conservative management had been advised

The vascular complicationst: 1530 40, 48,59 that may
develop secondary to cervical mib compression are
more often serious than those which aie likely to fol-
low scalenus anticus syndrome without cervical nib.
First, there may be marked pain due to 1educed blood
flow 1n the involved extremity In one patient that
we treated the subclavian aitery was so small that in
the early stages of the dissection 1t was thought to be
some small abeirant vessel, and it was p1 eserved only
with indifference  Once the ceivical 11h had been €+
cised, however, the small vessel p1 oved to be the sub
clavian artery usell Second, there may be post-
stenotic dilatation or aneurysm [ormation * Third,
thrombus may form n this aneurysm and pieccs of
it break off to embolize to the more distal arteres of
the extremity Fourth, occasionally 2 thin-walled
aneurysm may ruptuie  Fifth, thrombosis ® 30, 45, 4% &1
may occur at the point of compiession in the ahsence
of an aneurysm, and acute occlusion can CIust gan
grene 1n the mm or hand

Chinical Findings The symptoms, which nclude
various signs of nerve compiession 03 1schemia of the
extremity, have been alluded to pxcvxously These
consist of numbness, tingling and paresthesia of the
arm and hand, at umes associated with pam i the
supraclavicula area and the same oule of the neck
o1 of finger pallor, cvanosis, o1 cven sies of ulceration
along the lateral bordar of the nails o1 at the finge?
tips, or of imtcrmittent claudicauion in the anm o
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atiophy of the mtunsic museles of the rd perhapy
assocrited with ttophre changes 1in the fingers nd
nails  One should not be misled by mtennittent at
tacks of vasospasttc phenomena suggestne of Ray
nwds discase these beng due to imitation of the
elements of the brachial plexus or the subcltvian
artery with resulting reflex vasosprsm The possibil
1wy that such findings 1re the 1esult of a sealenus an
ticus cenvical nb or atherosclerotic occlusive process
should always be consideredd 1 the differenual diag
nosts

Once the symptoms have suggested the possibality
of cerical nb syndiome the determinauon of the
blood pressure 1n the two arms partcularly with the
arm on the affected side being placed in different po-
sitons to detect compression of the subclavian artery
s helpful A supraclavicular lump may represent the
enlarged end of a2 cervical b and an unusutlly prom
inent subclavian artery may reflect antertor displace
ment of this vessel by the anomalous nb  Occaston
ally one will note a thrtll and 2 bruat 1n the supra
davicular fossa  In additon to a dimimushed blood
pressure and pulse on the affccted side the possibrlity
of a cervical b syndrome 1s further enhanced by the
finding of a cervical rib on chest roentgenogram and
oceluston of the subclavian artery can also be demon
strated by arteriogramn A sudden increase 1n the se-
verity of the symptoms suggests sudden thrombosis or
extension of a previous thrombus.

Management The mere presence of a cervical rib,
Pethaps noted on routine chest xray doces not consti
tute an indicauon for surgical wntervention  And
¢ven when symptoms are present rmost surgeons have
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previously felt that one maght with jusufication cleut
cither conservative management with physical thera
pecutic measutes o1 surgical mtaivention  Recently,
however, m pait because of the 1epoits of thrombosts
and serrous disability r1esulting hrom previously symp
tomatic cervical 1ibs,® 4% 4051 (he wiiter has advised
earlier excision ol symptomatic cervical ribs—with or
without scalenotomy 3 and ceivical sympathectomy as
indicated In other words, we f{ecel that 1t 15 impot
tant to perform prophylactic suigery before thrombo
sis of the subclavian aitery and distal embolization
have occurred Thromboendaitercctomy of exten-
sively 1nvolved arteries 1s often unsuccessful, and the
1elatively few direct graflts and bypass gialts that have
been used in the upper extremty have exhibited a
rather discouraging incidence of caly thhombosts

At swgery the exposwme shown m Figuie 18 15 used
to excise the anterior two-thirds ol the offending cer-
vical 11b (Fig 21) Care 15 exerased to avord mnjury
to the artery as it crosses over the chstal end of the
cervical rib, for at this point the wall of the vessel may
be considerably thinned The phienmic nave should
be 1etracted out of harm’s way, and special gcmlcnt.:ss
1s employed 1 1etracting the clements of the brachial
plenus to aflord sufficient exposwe to permit exasion
of the appropriate amount of the cervical 11b. s
very casy to retiact the brachial plesus with 4 firm
ness which wall result m considerable panmn the arm
and hand for some ume postoperatively  In fact, such
postoperative distress along the medial suiface of the
arm and the ulnar portion of the hand can he woic
meapaataung than was the cervical rib syndromc
self
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Ounce the cervical b has been exased the subcla
vian artery may be secen to dilate cven before the
wound {s closed  However it will dilate even further
in sudnequent days Tollowing freemg of the arteny
frow compesion by exasion of the nb it s mpor
tant to determine whether o1 not thromboses of the
artery exists I thrombosis with ecdusion of the ar
tery has developed one must decide whether thrombo-
endarterectomy s feasible (it often 15 3f the process 1s
not extensive) or whethier 1 bypass grait should be
used or whether only cervical sympathectomy s feast
ble Extensive subclavian arcery thrombosiy has here-
tofore been treated largely by cervical sympathectomy
but at the present tine a more aggressne approach
aimed at restoration of pulsatile flow is being generally
adopted  Unfortunately 1n some instances extensive
distal embolization will hve occurred **

OCCIUSIVE DISEASE OF \[\JOR \RTERILY

Atherasclerotic occlushie duscase may affect any ar
tery 1n the body and the arteries of the arm are no
exception We have treated patients with thromboses
of the subclavian artery at 1ts origin from the aorta
of the subclavian artery above the clavicle the awl
lary artery and the bracnal artery  \ctually once a
thrembus hias formed at a given point 1t tends to prop-
agate distally and occastonally proxumally  Thus 1t
15 of great therapeunc imporiance to make the diag
nosis of thrombosts early 1n the coutse of the disease,
so that successful thromboendaiterectomy can be per
formed  Unfortunately many of these panents are
accurately diagnesed only after the thrombosis in say
the axillary or subclavian artery has propagated for a



82 Surgery of the Aoila

considerable distance distally Under such circum
stances 1t may not be possible completely to restoic
pulsatile blood flow through the aitery For whereas
a short segment of artery can be endaiterectomized
quite satisfactorily, a long segment can be endarterec
tomized only with a considerable hazard of fresh clot
formation postoperatively.

Chinical Findings The signs and symptoms found
in the patient with occlusive disease of a major artery
of the aim 1ange all the way from the very mild to the
most severe with actual gangrene which 1equires am
putation The first symptom which the patient no
tices may be a relative coldness of the hand on the
mnvolved side, perhaps associated with pam on the
exercise of this extremity or upon exposure of this
extiemity to cold A swuiprisingly extensive degice of
occlusion of a major artery of the arm may be well
tolerated without significant symptoms 1n the absence
of exercise However, 1f the patient attempts to us
this arm for vigoious eflort, intermittent claudication
may develop Another frequent finding n the pres
ence ol major occlusive disease 1s sccondary Raynaud’s
phenomenon on exposuie of the hand to cold (Fig 22
Here ceven the normal degree of vasospasm may result
in marked digital ischemia  And, of course, marhed
and prolonged 1schemia will produce trophic changes
such as deformed natls, thinming of the pulp of the
fingers with shiny ughtening of the shin, and upon
occasion mdolent ulcers  In contiast to the findings
which one will note when the digital arterses 0@
single finger have heen occluded, wheie the other fin
gers may have a normal temperaune, thiomboss of
a major artery may cause the entne hand to be conlar
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than its opposite member though even then one finger
may be affected more than the others and tlus is re
flected 1n mitsal ulcerauon n a single digrt

Physical examgnauon will 1lso show in addinon to
the various signs of 1schenua just noted a dunminished
blood pressure below the level of arterinl occlusion
Thus 1f the radial pulse 15 present and of good 1ol
ume onc might suspect that the arterial pathology 1
dutal to this point  And usually this would be a cor
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Frc 22 Raynaud s discase at least In ats carly stages con
auts of pure spasm of the smaller arterial structures (above)
Raynaud s phenomenon in contrast, may also be caused by
even nonmal degrees of digital spasm on exposure to cold

when partial organic vascular occlusion already exists (be
low)

rect assumption though 1t is not 1lways possible to
detect partial proximal occluston of a mjor vessel
merely by palpation of the pulse The collateral ar
culation may be 5o extensive that partal occlusion of
the main artery will be evident only when 1 blood
pressure cuff an oscillometer or 1 plethysmograph
1s employed to demonstrate differences in the volume
of blood flow between the two upper extremities
For example ligatton of the subclwvian artery tn var
ous operauve procedures (¢ g Blalock anastomosis)
may abolsh the radial pulse for only a few hours
Nevertheless 2 weak or absent radial pulse should
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prompt examination of the biachial, axillary, and
supraclavicular subclavian pulses On the night, ab
sence of the subclavian pulse but presence of the com
mon carotid pulse 1dentifies the level of occlusion as
being 1 the first poruon of the former  owever, if
both the carotid and subclavian pulses aie absent, the
occlusion 1s 1n the mmnominate and a bypass gralt
fiom the ascending aorta may be indicated In thus
manner one can establish the approxmmate level of
occlusion It 1s swmprising how olten patients with
majo1 aiterial occlusive disease are stll diagnosed as
having “Bueige:’s disease” (th1omboangiitis obliterans)
when the radial o1 even the biachial pulse 15 absent.
When the majo1 pulsations at the wrist and above the
elbow are absent, the diagnosis of th1romboangutis
obliterans or of Raynaud’s disease 1s clearly untenable
We teated one patient who had had a cervical sym
pathectomy fo1 suspected Bueiger’s disease, when he
had complete occlusion of the subclavian artery  Un-
fortunately, this occlusive disease had 1esulted m 2
propagating thiombus which extended all the way
down to the bifurcauon of the brachial aitery, a not-
mal blood flow could not be restored to the extremity,
and cventually the arm had to be amputated just
above the elbow In another patent, however, who
had also been diagnosed as having Bueiger's discase,
a thrombus mn the axillary artery was casily removed
and an excellent postoperative 1adial pulse wds 4550
ciated with eventual cleaning of the gangrene which
had developed at the tip of one finger

Once the probable presence of arterial acclusion luis
been cstablished by palpation of the artery at vanous
levels and the observauon of other dmmcal findings
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Just mentioned  the use of an arterogrun may be
most helpful in pecise locrhizauon of the site and e
tent of accluston  Since from the level of the scalenus
anticus distally the artenies are reachly available for
arterlographic visualization 1t 13 usually 4 simple mat
ter to perform this study

Management. Liery effort should be made 1n most
patients to 1estore normal or pulsatile blood flow
We have thus far depended enurely upon thiombo-
endarterectomy (Fig 23) m the restoration of adequate
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Fie 28 \therowlerotc thrombasts may occur at any level
of the arterial tree 1n the arm (or i the entire body) If
treated early before extensive propagation of the thrombus
has occurred thromboendarterectomy can be performed suc
cenfully for lesions of the larger arteries 1n most instances
The use of grafts 1n the arm has resulted in thrombons 1n
2 considerable number of cases.
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blood flow through the aiteries of the am  \lthough
we would not hesitate to employ a bypass graft wheie
indicated, those who have used grafts have repoted
a consideiable mncidence ol early thrombosts

In the event that a completely successful thiombo
endarterectomy cannot be performed, pethaps because
of the extent of the disease, a cervical sympathectomy
on the volved side 1s advisable It would seem piu
dent also to peiform a sympathectomy along with
the use of a giaft, to assure maximal blood flow should
the gralt thiombose Agamn, an adequate cervicdl
sympathectomy will usually 1esult 1n a Hoiner's syn
drome on the mnvolved side Exposure of the arterics
of the arm 1s exceptionally easy, compared with most
arter1es elsewheie 1n the body, for a shoit mcision d
rectly over the mnvolved vessel usually 1s all that 15
required

REFLEX NEUROVASCULAR DYSTROP! Y

The as vet poorly undeistood process el med reflen
ncurovasculai dystiophy 17 may be caused by a vanl
ety of disease processes Such uniclated conditions as
taumatic neurovascular mjury, cold mjury,” moc!
dial infaiction, and cerebrovasculal hemornthage md)
all result in this picture of sympathetic ncvow N
tem dysfunction, not dissinular 1o the causalgrr of the
lower extiemity which olten follows neural o1 vasc
lar mjury which need not divide majon spuctures
asm and ntermitent
Jomenon T
n

There 15 often marked vasosp
episodes of sccondary Ravnaud’s pher
ssmptoms wlich these patents expenente thus 3
clude vasomotor disturbances with coldness, AVIENAL

sweatng, and cdema of the aim and p.nmul.nl) the
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hand If the condion persists there mny develop
atrophy hyperesthesia and paresthesin Often the
pan 1s of a severe and burning type with  tngger
pomnts  the sumuliuon of which may exaggerate the
condition There may be extensne demineralization
of the bones of the arm and hand far m exeess of
what one nught expect from disuse 1lone (Sudeck s
ostcoporosis *7)

Sympathetic nervous system dysfunction 1¢ the com
mon denominator which can be detected 1 the van
ety of clinical conditions wlich w1y cause reflex
neurovascular dystrophy  Most of the findings that
are characteristic of the condition can be caused by
such dysfunction and the process 1s often 1cheved
conuderably by sympathectomy  when this 15 also-
lutely necessmy  Agamn the  shoulder arm hnnd
syndrome *7 1s sumlar 1 mwany respects to the typical
causalgia which may affect the lower extrenmuty fol
lowing a gunshot wound 1n wlich neither a major
nenve nor an artery has been severed  This pamn an
the lower extremity has almost by definition to be
relieved by sympathetic nerve block or sympathectomy
to menit the term  ciusalgta 1 %2 And similarly
relief of cawsalgic pain 1 the upper cxtrenuty 1s often
obtained by cervical sympathetic nerve block  The
reason that cervical sympathectomy has not been per
formed more often for the shoulder hand syndrome
with 1ts causalgia ke compenents n the upper ex
tremity as compared with the frequency of sympa
thectomy for causalgia 1 the lower extremity 15 the
fact that Ioiner s syndiome wsually follows an ex
tensive cervical symp tthectomy n addition to the lact
that the operative exposure 13 more involved than that
required for lumbar sympathectomy
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Management If one can find definite ctiologic en
tities, such as occlusive disease o1 a cervical 11b, then
spectfic therapy will be directed towards the offend
ing pathology However, 1n many mstances no dcft
nite organic lesion can be demonstiated to account
for the various signs and symptoms which constitute
the shoulder-hand syndiome of neurovascula dys
trophy, and here one must employ less specific meas
utes  Sedation, 1eassmance, and aggiessive physical
therapy can do much to prevent the development of
chionic shouldei-hand syndiome At times stellate
ganghion block may produce considerable temporary
rehiefl and, 1if so, cervical sympathectomy should be
considered 1n the more severe and protiacted cases
Nevertheless, m om own experence it has usually
been possible to avoid a formal cervical sympathec
tomy In passing, 1t may be noted again that all de
ments ol newovascular dystiophy or shoulder hand
syndrome may follow foiceful retaction of elements
ol the biachial plesus 1n the couse ol exposure of
various structues for operations mn the supx.nclmml
lar space

RAYNAUD'S AND OTHER VASOSPASTIC
DISEASLS

Vasospastic diseases -1: 37 of the upper extienuty suill
consuitute o rather complesn and pootly understood
group of lesions  Even so, certmn definite advanaes
in ow knowledge of these varous conditions have
heen made  Although vasospasm supcrnnpmul upon
organic lestons may give 1sc to the typroad oy ;s
and other cvidances of digital ischemia, the socalled
sccondary . Ravnaud’s phenomeanon, thare doubtles
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are conditions which me Imgely spastic in natme At
least an then it stages (Fig 22) \mang these e
eatlh states of Ruvnauds diverse vibratmg toal ot
peracsion ssndiomes the swndiome of the nueldle
aged female wied scletodam However it should be
emphasized that cven 1 these conditions which ini
ually may be Jargely vsospaste in natwe theie even
tually may develop artertolar thickemng and thus 1
degree of orgamic oclusion of the nvolved vessels
Once lununal nattowing has acamed due to thick
ening of the attertal wall 1t takes much lIess vasosprm
to produce a severe ichemia of the digits than was
the case tmtially when the Tumma of the artenes nd
atterioles were nonmat between attcks

Raynaud s Disease

In 1862 Raynaud ** descnibed a condinon of local
asphyxia and symmetrical gangrene of the upper ex
tremities wlnch thereafter came to bear s nune
Unquestionably a number of the cases wiich he in
duded 1n his repnt were pattents who had varying
degrees of organic occlusion with superimposed vaso-
spasm (Raynaud s plienomenon rithier than Raynaud
disease ) Nevertheless there nre patients who 1mt
tally at least suffer from a pwely vasospastic lesion
The patient 13 usually a female and both hands are
aflected  Lewis and lis assocrates 12 2 demonstrated
that 3 major change in the vessels of the digats of the
Pauents with Raynand s discase~the so-called locl
fault ~15 an increased sensitivity of these vessels
0 cold as compared with the sensinvity of nor
mal persons A lesser degree of vasospasm may also
be preaprtated 1n some women by emotional criscs
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Fic 24 It has been found that the patient having an at-
tack of Raynaud’s disease may simultancously exhibit clec-
troencephalographic changes, mdicatig a central onigin of
the vasomotor nerve mmpulses 1 some mstances 1he suc
cessful control of mild cases with tranquillizing drugs has

been reported 12

-
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and 1t has been found that the more mild cses of ths
condition may be controlled with nanquithizing drugs
(Fig 21) This local frult  consisting of an increaved
sensivaty of the digital arteries and qrterioles to cokl
persists an some degree even after 1 cerviel sympa
thectomy has been perfonmed 3t

Management. By cuclul consesvitive ticatment
cervical sympathectomy can be mvouded in most
stances. The pauent should 1ol exposing either
the body or the hands to chithug  I'hus warm cloth
ing and warm gloves must be worn De Iakats 12 has
pomnted out that clectroencephalograplic chinges
have been {ound 1 pauents duning attacks of Ry
naud s discase and 1t was noted 1bove that muld cises
have been managed successfully with tranquiltiing
drugs. Priscoline grven orally 1n doses of 2550 mulh
grams three or four tunes daly has 1lse been helpful
in our expenience  If 50 milligrams every six hours
produces the disagreeable chilly sensations which
many patients find annoying the dosage should be
temporanly reduced to 25 jmulhigrims four umes a
day later 1t 15 often possble to increase the dosage
again to 50 mulligrams without producing the un
desirable side effects

If conservauve measures do not suffice the patient
may  eventually require cervical sympathectomy ?
Most surgeons agree that the best and most lasting
results are achreved by an extensine sympathectomy
which removes the nferior cetvical ginghon and the
first two thorauc gangli1 below 1t I'hus the presence
of a Hoiners syndrome 13 virtually essentral to dem
onstrate adequate sympathectomy Of course this
disigurement 1s less objectionable if sympathectomy
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must be performed bilaterally with resulting symmetry
even though bilateral Iid droop exists

In certain patients the beneficial effects and reliel
provided by cervical sympathectomy are shortlived
Lhis has been explained by some as being due to the
[urther development of alternate sympathetic path-
ways to the digital vessels Such pathways may pass
through the spinal nerves and thus not be amenable
to excision 1n the course of sympathectomy Otheis
have felt that incieased local sensitivity of the digtal
vessels to cold o1 to piessor amines might be 1espon
sible  And of couise incomplete sympathectomy or
nerve iegeneration 1s at times a possibility

Vibrating Tool or Percussion Syndromes

In 1918 Hamilton 22 described the efect of the an
hamme1 on the hands of stonecutters Since then 1t
has become increasingly appaient that various types
of occupations which result in repeated nauma of a
percussion type can piroduce changes which result m
an increased sensitivity of the digital vessels to cold+ *
Actually—and perhaps in a majo1ty of cases—this 1n
creased sensitivity to cold 1eflects not a puely vaso-
spastic phenomenon by a vasospasm superimposcd
upon Juminal nartowing due to mtimal thickening
and subintimal proliferation Other vocations which
may be associated with such vascular changes are typ
ing, p1ano playing and situations 1n which the worke!
must strike some lever or other object with the palm
of the hand o1 with the sole of the foot This typc
of percussion trauma eventually 1esults 1 changes
the walls of the aiteries and artertoles For example,
we have 1ecently seen a pauent who had maihed vaso
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spastic chnges in his night foot with cwsalgabke
pain and trophic changes wluch appuently were sec
ondary to his occupation in wluch he was required to
strike a lever with the sole of the nght foot conunu
ously 1n operaung t press s an industisal plant A
similar change 1n the hand has been reported ¢

The common denomnator m all these various types
of injury would appear to be not the vibration per se
but the actual stnking or percussion force ¢ As stated
although 1t appears posiible that early 1n the cond:
uon there may be a purcly vasospasuc phenomenon
due 10 an ncreased senutnity of the vessels of the
hands to cold later there 15 unquestionably an oblit
erative fibrostng process wluch actually diminshes the
luminal diameter of the vessels and renders the fingers
sull more suscepuble to 1schemia produced by even
normal vasospasm of the skin vessels when exposed to
cold

Management  Most pattents with the percussion
syndrome manage to continue work erther at the same
job or at a different one  In many instances the syn
drome 15 nuld and a relatively storc individual may
not even consult a physician  Consenvttive measures
consisung of sedation vasodilators and protection of
the hands from cold are also helpful At umes how
ever as noted 1n our man who had the changes n lus
foot secondary to striking the foot pedal of a pres
the changes are so extensive that ulceration ocurs and
prolonged disability results  In tlus particular patent
bed rest and local medication had faled to heal a
plantar uleer but lumbar sympathectomy resulted 1n
healing of the ulcer and 1n 2 marked mncrease 1n exer
Qse tolerance
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Syndrome of the Middle-Aged Female

Repiesentative of the gioup of vasospastic diseases
which may affect the upper extiemity but which have
as yet been poorly defined 1s the syndiome of the
middle-aged female described by Jepson?’ The et
ology of this condition 1s not established, since 1t oc-
curs too late 1n Iife to be primarily inborn and there
was 1n Jepson’s cases no evidence of a diffuse atheio-
sclerosis  He found a common feature was that the
condition occuired near the menopause, the re-estab
lishment of the menses, either with estrogen therapy
or spontaneously, was often associated with improve
ment  Conservative treatment should be given a
prolonged trial before sympathectomy 1s consid
ered

Scleroderma

The cause of scleroderma 1s obscure, but the con
dition may progress to a point in which 1t produces
gangrene of the tips of most of the digits It was
pointed out by Jonathan Hutchinson 2 1n 1896 that
patients with Raynaud’s disease for many years might
eventually develop scleroderma 1n the nvolved digits
This observation has since been confitmed by others,’
and 1t gives rise to possibly valid speculation that the
fibrotic changes characteristic of scleroderma mdy 11
fact be the 1esult of fibrosis secondary (o Jong-standing
intermittent attacks of 1schemia due to arterial and
arteriolar spasm Thus there 1s always the ])OSSlblm)'
that the woman with Raynaud’s diseasc may ult
mately prove to have o1 to develop sclerodcrma
The patients with scletoderma exhibit an nciedse
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m the fibrous tissue and a loss of elastic tissue in the
vessel walls with gradual obliterition of the vascula
lumen

Management. The treaitment of scleroderma 1s un
satisfactory  The concdiion may be generalired and
the esophageal lesions are particularly striking i some
pauents  The use of sedation Priscoline and 1n the
arelully selected panent cervical sympathectomy are
suggested

BUFRCER S DISLASI (THRONMBOANCIITIS
ORI TTERANS)

Just as many conditions formerly called R ynaud s
disease actually represented in many instances second
ary Raynand s phenomenon produced by a normal de
gree of vasospasm in the presence of parual organic
occlusion of the smaller 1rteries of the extremity (big
22) 35 1t 35 with Buciger s disease ' Thete can be no
doubt that 1 great many patients previowsly diagnosed
a5 having thromboangisus obliterans actually had
atherosclerotic occlusive disease  Thus we have en
ountered only one patient in recent years that we
thouglt actually had Buerger s disease—and the i
2gnons 1 even thus case was not confimmed by bropsy
A3 2 matter of fact there are those who contend that
even the inflammatory and obliterative lesions which
ocxur in the artertes and veins of the extremity n
Buerger s disease are actually mflimniatory Iesions
scondary to 1schemia produced by atherosclerosis ®
&“"’m])’ we have treated a number of pauents who
had been dingnosed previously 1s having  Buergers
disease™ bue who actually had atherosclerotic occlu
$1on of the subclavian axillary brachial or more dis-
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tal arteries ‘Therefore one should be skeptical of any
diagnosis of thromboangutis obliterans lest athero-
sclerotic occlusive disease be the etiologic agent

The principal pathophysiology of thromboangutis
obliterans results from the 1schemia of the tissues pro-
duced by occlusion of the small and at times fairly
large arteries such as the radial, ulnar, dorsalis peds,
and posterior tibial In contrast to Raynaud’s dis
ease, which occurs largely 1n the upper extremities and
almost entirely in women, Buerger’s disease 1s more
commonly found 1n the lower extremities and usually
but not always in men The segmental nature of the
occlusion 1n Buerger’s disease (and 1n atherosclerotic
occlusive disease) may permit considerable collateral
arculation to develop Superimposed vasospasm (sec
ondary Raynaud’s phenomenon) 1s often 2 prominent
feature of thromboangiitis obliterans

If a condition such as thromboangutis obliterans
does exist, 1ts etiology 1s largely obscure The wrter
has always felt that the condition was related to smok-
ing 1n many patients, though the disease has been dr-
agnosed many times 1n patients who did not smoke
The fact that cessation of smoking results 1 1mp1ove:
ment 1n many patients 1s of course not diagnostic of
Buerger’s disease, since the reduced vasospasm would
also be beneficial 1n patients who had atherosclerotic
occlusive disease % It has been pointed out by Lin
ton3s and by Fisher® that the widespread usc of
arteriograms has revealed localized occlusive diseasc
in many patients previously diagnosed as having
Buerger’s disease Furthermore, 1n such patients the
availability of biopsy material has established athero-
sclerotic occlusive disease as the ctiologic condition
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mither than the less well defined possbility of thiom
boangiitis obliterans

Finally Theis® has stated that 1 process of athero-
sclerosis occluste thrombosts and repatatine revction
scems o account for the peniphaat mienl lesions
of thromboangutis obliterans or presemle gangrene
Thus we may be witnessing the disappearance of a
disease process as more precise information nerim
mates a far more understandable nd common etto-
logic agent, namely atherosclerosis

Management For the moment houwever let us as-
sume that an eccasional pauent may be found who
will fulfill the more or less poorly defined erterin of
Buergers discase  Such mdniduals should be cau
tioned to avaid cold or other truuma to the mvald
patt.  Priscoline therapy mav prove helpful  and
highly smportant the pauent should stop smoking
at once 1f he has heen doing so*  Finally sympa
thectomy has been ot much assistance 1 thrombo-
angutis obliternns as It also has in sclected cses of
atheroselerotic occlustne discase

In closing this discussion let it be emphasized again
that no pauent should be diagnosed as having Buer
gers disease unul the possibility of atherosclerotic
occlusive disease has been excluded insofar as possible
by carelul physical examination and artertograms

OBLITERATIVE \ATHFROSCI EROSIS OF THF
DICIT AL ARIERIES

Occlusive disease imvolving the small vessels of the
hand and the digits 1» mentioned only to emphasize
that, even though the radial pulse may be present and
of good quality atherosclerotic occlusion of the more



98 Swigery of the Aoita

distal vessels 15 not excluded ‘Thus, even though
there 1s evidence of occlusion of the smaller teiics,
nerther Raynaud’s disease noi Bueiger’s disease need
be maumnated, fo1 atheioscleiotic Iesions may have
resulted 1n a nanowing of the digital vessels to a pomnt
where even noimal vasospasm on exposure ol the
hands to cold results 1n the secondary Raynaud’s phe
nomenon depicted in Figure 22

The treatment of occlusive disease of the smaller
vessels of the fingers 1s at the present time one of con
servatism coupled with sympathectomy in the most
severe cases Resection with gralting or bypassing 1s
not feasible Protection of the digits fiom cold or
mechanical injury, the use of vasodilator diugs, and
sedation for pain—all of these aie umportant If con
servative measures cannot relieve pain and cause rc
gression of indolent ulcers which may develop at the
tip of the finger or along the lateial side of the finger-
nail, cervical sympathectomy should be considered
In contradistinction to Raynaud's disease, where the
arter1ospasm tends to be symmetrical and Dilateral
and involves all the digits, though often some far
more than others, atherosclerotic occlusive disease of
digital arteries tends to be spotty

ANEURYSMS, EMBOLISM, AND TRAUMATIC
INJURIES

Aneurysms Although the general subject of ancu
rysms will be discussed 1n Chapter 5, 1t should he "‘II’
preciated that aneurysms involve the arteiies to the
upper extiemity not infliequently, though fa Jess
often than they do the abdommal aorta o1 the 1c
and femoral vessels The post-stenotic dilatation 01
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ancurysm formaton which mny b assooted with
evical b hw et mentioned Atharesduote
anemysms ue fownd e the subdhinam d oallas
arteries i the occasionl paent hee lesions e
managed by excion with restorition of artennl con
tnwity by ptonary anastomosss or by grilung  Since
the incidence of thiombosts in vascultr prostheses
used 1n the upper estrermity hns been fauly common
1 the relatnvely few such cases ticated 1t would prob-
ably be advsable to perform a cervierl swmpathe
tomy by excsion of the nferior cenicl gangla nd
the two adjacent thoracic ganghin at the ume of op-
cration since this would dimush the chances of
gangrene 1l abrupt occlusion of the gt should o
cur O course in pauents who have had slowly
developing atherosclerotc occlusion  the collater!
arculatien 1s far more cxtensive than n those with
an aneurysm through which blood has contmued to
flow up unul the time of operation

Embolsm. The general problem of embolism 1s
also to be discussed 1n a subsequent section and 1t 1s
mentioned lere only to emphasize the fact that em
bolt leaving the heart lodge 1n the upper extiemity
approximately 9 per cent of all cases** In addiuon
to emboli from the heart there may be extensive dis-
tal embolization from simple thrombosis in the sub-
clavian artery beneath a cervical nb or mn a post
#“enouc dilatation or aneurysm caused by a cervical
nb compression  When embolization to the upper
eXtremity occurs prompt intervention and removal
of the clot 15 to be strongly recommended  For
whereas actual gangrene of the arm 1s relatively rare
cnsiderable disability due to relauve uschemia—re
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flected 1n intermittent claudication and peihaps cya
nosis and pam 1n the fingers—may result fiom the
occlusion of the biachial artery by the embolus  The
arteries of the arm are casily exposed thioughout al-
most all of their comse, and 1emoval of an embolus,
1f performed promptly alter the episode, should usu
ally prove highly satisfactory Stellate ganglion block
and heparinization may be advisable in the given case
to reduce postoperative arterial spasm and to reduce
the likelithood of thrombosis at the site of aiteriotomy

Traumatic Injuries The aiteries to the upper ex-
tiemity may be injured 1n all the ways in which other
arteries of the body are injuied %2526 The most
common causes of arterial trauma aie gunshot, stab,
and blunt force wounds The aitery may be lacer-
ated or completely divided, a false o1 true ancurysm
may develop, an arteriovenous fistula may be pro-
duced, compression may occur, spasm of the vessel
may be severe,” ¢ or intralummal or ntiamural
thrombosis 3% 43, 46 may produce complete occlusion
of the vessel We have personally ticated every onc
of these mnjuries 1n arm vessels The mjury 1s usually
discovered thiough the history which suggests possible
arterial 1njury, physical examination, and arterio
grams When a serious possibility exists that a major
artery has been injured, surgical exploration 1s often
indicated It has been found that primary suturc of
divided arteries in the arm 1s usually successful, and
Shaw % has reported successful anastomosis of both
the radial and the ulnar arteries

Further considerations important i the diagnosts
and management of arterial mjuries will be discussed
more fully 1n Chapter 7
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Summary and Conclusions

1 Arterial diseases of the upper extremity desenve
earhier diagnosis and inore aggressive management
than they have recebved in the past  For although
arterial occlusion mn the upper extremuty does not
often result in large scale gangrene due to the exten
sive collateral arculauon serious and prolonged dis-
ability frequently does occur

2. The following conditions have been reviewed
scalenus anticus syndrome cervical nb syndrome ma
jor atherosclerotic occlustie disease reflex neurovascu
lar dystrophy { shoulder arm-hand  syndrome) Ray
naud s disease vibrating tool or percussion syndromes
syndrome of the middle \ged fentale, sclerodeima
Buergers disese obliteratnve atherosclerosis of the
digrtal arterres ancurysms embolism and traumauc
njuries

$ Anatomic considerations are emphasuzed and the
signs of arterial occlusion at different levels with re
sulting sschemic changes in the fingers are noted

4 A digual ulcer or other evidence of finger 1sche-
ma may be produced by occlusive disease at the aoruc
arch an aneurysm embolism subclavian artery com
pression by a cervical rib atherosclerotic occlusive dis-
case at more distal levels thromboangiitis obliterans
Raynaud s disease vibraung tool trauma or sclero-
derma among others A common diagnostic error 15
to conclude that finger 1ichemia 13 due to disease 1n
the digat when 1t 33 due to an arterial lesion situated
far above this level

5 The scalenus anucus syndiome rarely produces
serious vascular complications but compresston by a
cervical rib not infrequently produces thrombosis and
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other pathologic changes Thus a cervical 1ib that
1s producing neural o1 vascular changes should usually
be resected, with or without division of the anteior
scalene muscle and sympathectomy as the occasion
may dictate

6 Atherosclerotic occlusive disease may occur at
any level, and 1t unquestionably accounts for the digi
tal ischemia found mn many cases of “Bueiger’s dis
ease ” In fact, with impioved methods of d1agnosts,
including biopsy and frequent a1 teriography, a great
many cases of “thromboangutis obliterans” are prov
ing to be instances of atherosclerosis Thus “Buerger’s
disease” 1s becoming rare

7 Rellex neurovascular dystrophy ol the ami 1¢
flects a form of sympathetic nervous systcm dysfunc
tion, and many aspects of the condition resemble the
familiar causalgia found in the lower extremity fol-
lowing various types of trauma

8 The conditions which produce the purely vaso
spastic Raynaud’s disease and those which produce
secondary Raynaud’s phenomenon arc now hetter un
deistood. It has been found that in some paticnts
with Raynaud’s disease the attacks of digital vaso
spasm are associated with clectroencephalographic
changes, and mild cases have been successfully con-
trolled with tranquillizing diugs. The sccondary
Raynaud’s phenomenon may be produced by even
normal vasospasm 1n the patient who alrcady has par-
tial organic occlusion of the digital artencs amd
terroles

9 Vibratung tool or peicussion taunid
in an increased tendency to vasospasm ar}d even m‘.
ganic occlusion of small arteries and arterioles m the

may 1esult
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nvolved extremity  The use of an air hammer pino
plying typing and even stuking of the palm ol the
iand or sole of the foot gaist Ievets at wolk he
ntoduced such changes.

10 Virtually any pathologic condiuon that may af
ect arteries elsewhere mn the body may affect those
of the upper extremity
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CHAPTER 4

Occlusive Disease of the Celiac, Su-

perior Mesenteric, Inferior Mesentetic,

Renal, Iliac, Femoral, and More Dis-
tal Arteries

nosis and management of occlusive disease of
the abdominal aorta and 1ts major divisions
(Fig 25) Following the 1ealization that occlusive dis
ease of the lower aorta and 1hac arteries was yeadily
amenable to surgical correction, clinicians began (o
search for remediable mstances of occlusive dsecase
of wvisceral arteries It was soon demonstrated that
occlusion of the cehac, supertor mescnteiic, and 1cnal
arteries 1s more common than was formerly heheved
and that such lesions can be managed by either by-
pass graft or thiomboendarterectomy It will be the
purpose to outline the pathophystology, d1agnos®
and management ol occlusive disease 1nvolving the
visceral arteries within the abdomen, as well as oc¢
clusion of the terminal aorta, 1liac arterics, femoral
artertes and the more distal portions of the arterial
bed
In general, the chinical findings dcpcnd upon the
location and function of the structurcs :,upp]icd by
the arteries in questton  Thus thrombosis of the

108

( : REAT progress has been made in the diag-
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supertor mesenteric artery produces abdomunal an
gina as well as evidence of nadequate intesunal ab-
sorption 1n some patents. Partial occlusion of one
or both renal arteries may result in  essential hy
pertension or an late stages renal fmlure. Occlu
sion of the terminal aorta results in 1schemic pain
and at nmes impotency—the Leriche syndrome.
Tliombosis m more distal arterzes produces nter
nuttent claudication at  appropnate levels and
atropluc changes which on cursory examination may
be attnbuted to nerve lesions  Corrective surgery

Fio 25 Ocdwne ducase of each of the mijor branches
of the abdominal aortz may give rise to more or less char
acterstc chinical pictures.
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1s successful 1n the management of major arterial oc
clusion in the vast majority of patients
Aortography The diagnosis of partial o1 complete
thrombosis of the branches of the abdomnal aorta
ultimately depends upon arterrography A\ very large
number of abdominal aortograms have been pe-
formed by one technic or another, but the procedure
does entail some risk McAfee o7 surveyed 13,207
abdominal aortogiams reported 1n reply to question
naires sent to hospital radiologists and urologists 1n
the United States and found 37 deaths and 98 serious
complications  The over-all complications rate of
abdominal aortography was 102 per cent and the
mortality rate was 0 28 per cent Renal damage from
the contrast medium was the most important compl-
cation, usually resulting {rom the mjection of exccs-
stve amounts of the radiopaque medium, direct 1enal
artery injections, or injections in patients with high
aortic obstiuction Neurologic damage was also a
significant hazaid, sometimes resulting 1n pro]ongcd
morbidity  Less Nequent findings mcluded hemor-
rhage from the puncture site and cadiovascular,
gastro-mntestinal, and complications of general ances
thesia  In reporting their experiences with aortogra
phy, Beall and his associates ® emphasized that certamn
variables were of importance 1n the incidence of com
plications and that these included the dosage used, the
site of 1njection, and alterations m hemodynamics 10
the 1egion of the kidneys  They found that the mjec
tion of a 1enal artery with a large concentiation of
dye produced severe damage to the kidney  Gross
man and Kirtley 41 reported pmaplegia following
tanslumbar aortography — Skin necrosis occasionally
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results from artenogmphy 1 the chemic extreonty *
wid we have seen three such mstances omselves

Therefoie one shoald employ nteriography only
where necessaty  usig no g]C'IlCI' volume or coheen
tration of the cont.ast medium to be jected than 13
essenttal - Hypaque 1s currently prefened

Arterial Replacements Numerous reports from dif
ferent clintcs have now appeared mn the lhiterataie with
respect to follow up studies of patients who have had
one or another of the various artertal substitutes in
serted following tesection of an ancurysm or for re
section or bypassing occlusive disease  In genera)
aortic homograflts # hnve been reasonably successful
Nevertheless sporadic reports of dilatation and rup-
ture of such grafts have appeared 3* and there has been
a general tendency to abandon the use of homografts
1 favor of one of the various aruficral materials par
ucularly Teflon 4% @ or Dacron * ¢ Formerly Ny
lon was extensively used but there appenrs to be (airly
wide agreement that complications due to dilatation
and rupture are more common following the use of
this material than following the use of Tellon or
Dacron  Yet, 1t should be pointed out that less trme
has elapsed for evaluation of Teflon and Dacron than
for evaluauon of Nylon It 15 posmble that with
longer follow up studies Teflon and Dacron will
prove o be less favorable matenals than thev are
currently considered to be  Artenal pulsations are
ransmutted through syntheuc prostheses™

The 1deal arterial replacement has yet to be devel
oped, but meanwhile those already available repre

sent a tremendous advance wmn the management of
vascular lesions
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OCCLUSION OF THE CELIAC, SUPERIOR
MESENTERIC AND INFERIOR MESEN-
TERIC ARTERIES

Although mesenteric artery occlusion can be due
to an embolus arising 1n the heart, 1t has now become
increasingly appaient that many instances ol mesen
teric arterial insufficiency are the result of the same
atherosclerotic process which commonly ivolves ai-
teries throughout the body  Furthermore, as the
fairly common syndiome of partial occlusion of the
celiac and superior mesenteric arteries by atheio
sclerotic thrombosis 1°* 15 becoming more widely
known, more and more patients with abdommal
symptoms referable to incomplete occlusion of these
vessels are being coriectly diagnosed and operated
upon successfully  Since thiombosis of the celiac a
tery alone does not often produce dramatic symptonis,
celiac occlusion 1s usually discovered only when the
much more serious superior mesenteric artery occlu
sion has led to aortography and laparotomy

Celiac Artery

The fact that occlusive disease of the cehac artcry
1s not often diagnosed 1n the absence of occlusive dis
ease of the superior mesenteric artery is duc to the
different viscera supplied by the two vesscls respee
tvely  I'he cehac axis supplies chiefly the hivet,
stomach, and spleen (Fig 26) It has Jong been known
that acadental Iigation of the hepatic artery 15 4550
aated with a considerable morbidity and a fasrly
high mortality rate, particularly in the absence of
massive anubiotic therapy  Nev crtheless, gfﬂdl'“] 0t
clusion of the cchac asis could pxcsumﬂbl&' afford
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sufficlent time for collateral circulation to the organs
supplied to develop For example the stomach might
be supplied by the infertor phrenic artery and the
infenor pancreauco-duodenal artery among others
The spleen might wcll becorne shrunken and fibrouc
since it is not essential to life. The liver could simi
larly obtatn some collateral artenial blood supply and
1t would also recenve oxygen and nutrnients through
the portal vern  Thus whereas acute ligatton of the
cehiac artery may result 1n serious 1schemia of the
stomach and liver ** slowly developing occlusion of
even the celiae, superior mesenterlc, and infenior
mesenteric arteries as a group may be tolerated. In
1869 Chiene ** reported & case 1n whach the ongins
of the celiac supenior mesenteric, and inferior mesen

Fe 26 Thrombous of the cehac axis 15 less likely to
produce dramatic symptoms than 1s thrombosis of the
superior mesenteric artery
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teric arteries and the lower part of the abdommnal
aorta had all undergone gradual obliteration The
arterial supply of all the viscera within the abdomen
was mamtamned by somatic arteries and by the sub-
peritoneal arterial plexus These somatic arteries m-
cluded the left lower intercostal arteries, the lumbar
arteries, and the left renal and suprarenal arterics,
in addition to the gluteal arteries, the internal pu-
dendal artery, and the 1ight subcostal artery.

It 1s possible that with moie experience cases of
celiac artery occlusion, in the absence of superior
mesenteric artery occlusion, will be diagnosed on the
basis of symptomatology and other clinical and lab
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oratory findings of hepatic-gastricsplenie dysfunction
plus aortogram.

Superfor Mesenteric Artery

In contiast to the lack of specific clinical findings
i the presence of cehac arteny thrombosis occlusion
of the superior mesentertc artery (kg 27) may 1esult
in what are now recognized to be typical chinical find
wgs  These symptoms which are due to 13chemia
and which may precede large scale mfarction are suf
fiaently dramatic to afford an opportunity for diag
nosis and effective surgcal therpy prior to the onset
of senous bowel necrosts

General Constderations

The problem of mesentenic vascular occlusion was
reviewed by DeMuth, Fitts and Patterson 2 The su
perior mesenteric artery supplies blood to the 1ntes-
tinal tract from the second portion of the duodenum
to the midtransverse colon and this vessel 15 1n effect
an end artery  Anastomoses east between the su-
perior pancreaticoduodenal artery from the celiac
axis and the inferior pancreatico-duodenal artery a
branch of the superior mesenteric artery The
fetior mesenteric artery usually 1s not mmportant in
the blood supply of the small bowel but it may sup-
ply the small bowel 1n the presence of occlusion of
the supenior mesenterie artery—a finding which has
been demonstrated by aortogram  The infertor mes-
entenc artery 1s commonly ligated (and 1s often al
ready thrombosed) during resection of an aneurysm
of the abdominal aorta. Even where there is acute
occlusion of this vessel as 1n ligation for resection of
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large bowel cancer, ischemic bowel necrosis is rare
Chiene’s case, mentioned previously, represents an ex
treme example 1n which the blood supply to the bowel
was supplied from somatic arteries in the presence of
occlusion of the celiac axis, superior mesenteric, and
inferior mesenteric artertes Rob and Owen® rc
ported higation of thrombosed celiac axis and superio!
mesenteric arteries in resecting an aneurysm, with un-
eventful recovery of the patient This again [urther
emphasizes the extensive collateral circulation which
can be developed Thus the gradual occlusion of al
most any mesenteric vessel may be tolerated.

Pattern of Arteriosclerotic Narrowing of the Cehac
and Superior Mesenteric Arteries In a necropsy study
of 110 unselected aortas of patients ranging from 28
to 86 years of age, Derrick, Pollard, and Moore *! ¢x-
amined the incidence and pattern of arteriosclerosts
of the arteries to the abdominal viscera. Gross ana
tomic observations were confirmed by 1oentgenologic
studies after the aortas had been redistended with ai
Forty-four per cent of the cehac arteries examned
demonstrated some narrowing secondary (o arterio
sclerosis  Twenty-one per cent were found to have.
at some point, a reduction of 50 per cent o1 more in
the calculated cross-sectional arca of the vessel  Nai
rowing of the superior mesenteric artery wds found
to be present 1n 37 per cent ol the aortas examined
By and laige, it was found that the area of the aorta
just above the aortic bifurcation usually demonstrated
the earliest changes of atheiosclerosis and, 1 Iate
cases, the most marked changes, the second aica most
frequently involved was the 1c » onifices of
the abdomnal visceral branche
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Chinreal Findings

Types of Palns7 # 1 #  [n wnting of abdominal
pain of vascular ongin 1 1936 Dunphy ** pointed
out that vascular diseate was not then generally rec
ogmuzed s once of the causes of abdominal pain The
so-called abdominal or intesumal angmna ¢ 7 had been
descnibed for many years but lack of postmortem cvi
dence had prevented 1ts aceeptance as a clinleal fact
It was noted that Sir William Osler and others had
favored the view that trinsient attacks of abdominal
pamn tn arteniosclerotic inditiduals were mamfesta
tions of angina pectons rather than of visceral ar
tertal disease It was fele tn many quarters that there
was no evidence of vascular pain in the abdomen
apart from that duc to actual gangrene and peri
tomus secondary to terminal mesenteric vascular oc
cuwsion  Nevertheless Dunphy reported a case of a
47 year-old laborer who had entered the Peter Bent
Brigham Hospital with recurrent abdominal pain of
two months duration which was definitely related to
meals and occurred about one and one-half hours
after eaung  For a time the avoidance of heavy meals
and the taking of 3 daily enema and muld cathartic
had alleviated the pain but the severity of the attacks
had gradually increased  On several occasions there
had been shight diarthea but no nausez or vomiting
Roentgen ray studies of the entire gastro-ntestinal
tract had been negauve and the patient had been di
agnosed from another clinic as having psychoneurosis
At the ume of admussion to the Peter Bent Brigham
Hospital he was complaining of excructating and con
stant abdominal pamn amcaated with nausea and
vomiting but without jaundice diarrhea or melena
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On physical exammation he was found to be well
devcloped but had obviously lost constderable weight
1ecently.  There was tenderness to the palpation
the epigastirtum, but there was no muscle spasm o
abdommal distention  The leukocyte count was
20,000

It was considered likely that the patient was exag
gerating his symptoms  Although mesenteiic throm
bosis was believed a possibility, the long duration
of symptoms appeaied to make 1t unlikely and a ten
tative diagnosis of subacute cholecystitis was made
The patient died suddenly thiee days after admission
to the hospital but, up until a few houis before death,
no sigmficant changes in the physical findings had
been noted Autopsy 1evealed occlusion of the celiac
axis and the superior and inferior mesenteic arteries
Almost the entire small bowel and a pait of the large
bowel weie gangienous It was felt mescapable that
a gradual occlusion of the mesenteric arteiial system
by progiessive thiombosis had been the cause of rc
current abdominal pain of two months’ duration
Although the pain was severe, it was not sharp or lo
calized, did not racdhate, and was not assoctated with
muscular spasm o1 exquisite tenderness of the abdom
mal wall  In the beginming the pamn was defimnely
related to the mgestion of food and only later bcr:':mc
constant Dunphy concluded that "“vascular pa i
the abdomen 15 a 1esult of anoxemia of the intestimal
wall and 15 a tiue visceral pamn mamifested through
sensory newones 1n the sympathetic nerves mdepend
ently of the musculocutancous pathways

A much more compichensive sun ey of the problem
of embolism and thiombosis of the supeiior mesen
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eric artery was published by Klein® an 1921 In
ecognuzing important publications even earhier than
lus, he quoted at length from the article of Reicht *
nd summarized conclusions of earlier inmvestigitors
ery nearly as we know the pictuie of gradual superior
nesenteric artery thrombosts today  In general they
‘ound that the pain was frequently severe often colic
tke 1n nature. It was present i almost 85 per cent
of the cases At first the pan occurred only occasion
lly but later the mtervals between cpisodes of dis
comfort wete shorter and the pan gradually merged
into that of peritontis when gangrene of the bowel
tupervened It was found that obsupation was usu
ally present at some trme duning the course of the
conditron and that vomiung nught occur occasionally
being bloody  The occurrence of bloody stools was a
most ominous sign when assoctated with the other
symptoms though such stools occurred 1n only about
30 per cent of the cases Diarhea however was not
uncommon and often preceded the obsupation  Ab-
dominal tenderness was present mn a large majority of
cases and was frequently generalized  Whether or not
the pauent had fever depended upon the pathology
present the temperature was usually normal early
but fever developed with the onset of peritonitis
where bowel gangrene and perforauon occurred. Al
though acute occlusion of the superior mesenteric ar
tery might not always produce gangrene of the bowel,
since collateral supply might preserve viability far
more commonly the occlusion ol the superior mesen-
teric artery that was not fatal had developed slowly
over a period of weeks or months affording consider
ble ume for collateral flow to develop
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Reich 8 had suggested the following grouping for
different types of cases of mesenteric arterial occlu
sion (a) a diwarrheal group, in which the diarrheal
movements began at the outset and persisted through
out the course of the illness, or ceased with the onset
of peritonitis The movements occurred often and
were profuse At times the stools were bloody (b)
An obstructwe group in which obstipation persisted
{rom the onset of the pain to death, though occasion
ally diarrhea preceded it Bloody vomiting occurring
with this group was especially significant of serious
disease  (c) A muxed group, where the two above
groups were intermingled Most commonly the di-
arrhea was followed later by obstipation Less fre
quently the order was reversed (d) A group with
meager symptoms 1n which precse diagnosis was
practically impossible

It 15 more and more appaient that chronic arteral
occlusive diesase 1s usually due to atherosclerosis and
rarely to thrombangutis obliterans ?

The Malabsorption Syndrome. Thus the fact that
visceral ischemia may result in vaious types of ab
dominal pain has been realzed for a great mamt
years However, only 1ecently has general atention
been drawn to the fact that relauve ischemta of the
bowel may 1esult 1n a malabsorption syndrome ©* ¥
In bief, by suitable studies 1t 1s possible to damon
strate impaired fat and d-xylose absorption.® and e
amination of the stools may show undigested meat
fibers 2t Shaw and Maynaid ®* reported two €5 of
atheroscletotic occlusive disease of the superior M
enteric artery which surgical rehcf was accom
phished by thrombocndartcrectomy  In on¢ pauent
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acute thiommbosis was associated with transient post
operauve malabsorpuon  In the other chromc
thrombosis produced a picture of intestinal malab-
sorption ntetmittent abdominal pam and weight
loss, eventually leading to acute intesunal infarction
The diagnosts n this second patient was established
preoperatnely by aortography as it was in the case
reported by Derrick Pollard and Moore.™

It is clear that in certatn cases of abdominal pain
or of defectine intesunal moulity or where unex
planed malabsorpuion exists mesenteric artenal oc
clusion should be considered and in selected cases an
aortogram should be performed »

Diagnosis

There can be no doubt that many cases of intes
unal angina are sull mssed through failure to con
sider the possibility that mesenteric arterial occlusion
exusts,  This manifestation of atherosclerotic occlusine
discase will become more generally known 1n the next
few years and 1n the [uture many cases will be discov
ered. This has been true of almost all types of oc
clusive disease that have been desaribed  Therefore
any pauent with unexplained abdominal pain must
be considered possibly to have inadequate artenal
blood flow to the intesine  The presence of a brut
in the epigastrium 1s highly suggesuve of arterial
narrowing  When exploritory laparotomy for ab-
dominal pan does not disclose a sausfactory explana
tion for the pain or even 1f 1t does the arteral pulsa
tons 1 the cehiac axis and the superior mesenteric
artery should be examined particularly 1if the pulsa
tions in the smaller mesenteric arteries to the bowel
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itself are not vigoious to the naked eye Agan, any
type of mtermittent mtestial obstructuon or obscuie
form ol malabsoi ption should lead onc to suspect the
presence of mesenteric artery thrombosss

When the possibility ol acute o1 chronic mesen
teric arterial occlusion exists, one has the choice erther
of exploiing the patient o1 of peirforming an aorto-
gram The latter may be peiformed duectly thhough
the back or by passing a catheter up the femoral a
terty * The femoral approach enables onc to he more
selective of the vessels visualized, since the catheter
can be positioned under fluoroscopic gurdance and
little contiast medrum is 1equired  Yet, the dnect
translumbar appiroach 1s moie 1apid and 1s generally
satisfactory

The patient with sudden occluston of the supenor
mesenteric artery, due to acute thrombosis ot an e
bolus from the heart, will usually have dramatic symp
toms and will require mmmediate opcration The
distiibution of bowel color changes will indicate of
clusion of the superior mesenteric artery Miller and
DiMarc 2 reported a patient 1mn whom « successful
superior-mesenteric-artery embolectomy, with small
bowel 1esection, had been pcrformcd with 1ccoven
of the patient  Mikkelsen and Zuo ™ 1eported @ pa
tent with mtestinal angma whose condition wds cot

B » 4
rectly diagnosed preoperatvely and whose ﬂ)mpl"']"
were rclieved by removal of the thhombosis m l'u

[y <hrs

superior mesentersc artery and the aortd
cussing then case, these authors pomted out th
diagnosis of mtestinal angma will usually he pin
one of exclusion, though of course onc might p(rf"””
an aortogram and at least demonstrate that mesentarte

at the
arth
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arternal occlusion was present whether or not tlus
might be causing the symptoms of which the patient
complained It was considered unusul howerer to
encounter an entity other than ntestinal angint an
which the distinct “food pain  relattonship was not
accompanied by the demonstritton of other physical
laboratory or xray findings Weight Joss would un
doubtedly sttmulate a suspicion of occult ncoplasia
If such a possibility existed careful exploratory lap-
arotomy would exclude the presence of neoplasm and
dusclose the presence of mesentertc arteral occlusion
Actually they considered that carefully performed ex
ploratory laparotomy was superior to aortography n
some nstances 1n arriving 1t the correct diagnosis of
mesenteric artertal occlusion  In the piuent they
reported there was extensine thrombosis 1n the aorta
1sell and there was an absence of pulsations 1n even
the smaller mesenterte artertal bminches  There was
a thrill 1n the hepatic and splenic arteries bue an ex
pansile pulsattion was tbscat 1n both these vessels

Vanagement

The approach to the minagement of acute occlu
sion of the supertor mesenteric artery will depend
upon the stage of the process 1t which the pauent is
seen ®  If recent acute occlusion has occurred with
severe abdommal pam and evidence of impending
bowel necrosis such as one might readsly suspect tn
2 patient with atrial fibnllauon who could have
thrown an embolus to the SUpErIol mesenteric artery
Prompt exploratory Inparotomy would be ndicated
If the bowel were not already gangrenous—and many
Gues will be seen in the future 1n wlich there will yet
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be time to save the bowel by restoration of pulsatile
arterial flow—one will seek to expose the superior mes-
enteric artery at its origin from the aorta and to per
form an embolectomy Although in the past acute
mesenteric occlusion has all too frequently been diag
nosed only at autopsy, curient preoccupation with
the possibility of intra-abdominal vascular ischemia
will unquestionably result 1n more prompt surgical
intervention 1n patients with abdominal pain which
could concervably be due to such arterial insufficiency

In contrast to the acute situation, the patient may
of course present with abdominal angina or with
bowel dysfunction, with or without malabsorption
In these cases the use of an aortogram or a selective
visceral arteriogram should be considered II mesen-
teric arterial occlusion 1s demonstrated, laparotomy
with thromboendarterectomy or an arterial bypass
graft may be employed to relieve chronic thrombosis
and obstruction at the origin of the superior mesen
teric artery from the aorta

Approach to the Superior Mesenteric Artery Var-
ious surgeons have prelerred different approaches to
the superior mesenteric artery Access to this vessel
may be gamned through the gastrohepatic ligament,
through the gastrocolic ligament, or beneath the
transverse mesocolon adjacent to the ligament of
Trietz  We prefer the last If 1t 1s desired also to
expose the celiac axis, a thoracoabdominal 1ncision
may be more useful than the usual laparotomy 11"
cision At umes 1t may be adwisable to reflect the
peritoneum from the lateral abdominal wall and to
approach the branches of the aorta from the retro
petitoneal  position, such as one might cxposc @
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thmaceabdominal aneurvsm for 1esectron and graft
mg
Inferior Mesenteric Artery

Occluion of the inferior mesenteric artery rarely
results 1 gangrene of the parts of the left colon
which 1t supphies  Nevertheless if the collateral
blood supply 1s reduced by atherosclerotic narrowimng
of the supenior mesentersic and hypogastric artenes
necrosis of the descending colon may occur * 28 so 0
Chnical findings may include loose bloody stools left
stded abdominal pain and tenderness 1nd perhaps a
palpable mass usually associated with a shock like
state.  Prior to this however the patient may have
expenicnced abdomuinal cramps and diarrhea due to
relative fschemia  Chronic ischemia can produce
sarnng and thickening of the bowel wall with a
loss of haustral markings An excellent review of
the blood supply which the colon recewves {rom the

superior mesenteric artery has recently been pub-
hshed s

OCCLUSION OF THE RENAD ARTERIES

One of the most recent developments in the field
of arternal duease is the demonstration that essen
tal  hypertension js not infrequently due to athero-
sclerotic occlusion of one or both renal arteries .1
(Fig 28) Such lesions 1re often 1emediable by thiom
boendarterectomy » ** or bypass graft technies ™ It
is therefore necessary carefully to evaluate any pa
tent who exhibis unexplamned hypertension.s

Pathophysiology In 1934 Goldblatt and his asso-
Qates © demonstrated experimentally that a permstent
elevation of systolic blood pressure could be produced
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by means of 1enal ischemia  After this demon
Stration m anmimals a good many patents weire found
throughout the yeais whose hypertension was 1elieved

REDUCED BLOOD FLOW, KIDNEY SUBJECTED TO
REDUCED SIZE - HYPERTENSION -
PRODUCES PRESSOR SUBSTANCE ARTERIOLAR DAMAGE

BYPASS GRAFT THROMBOENDARTEREC:I'OMYl

\

7 © PATCH GRAFT

116 28  Rcnal 1schemia due to athcrosclerotic thrombosis
may cause a form of “essential” hypertension The OCd“,
ston 1s best relieved by erther thromboendarterectomy or by-
pass graflt A patch graft can be useful in avoiding constric-
tion of the lumen following arteriotomy
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by the removal of 2 nonfuncuoning™ kidney # It
was assumed that the offending kidney was producing
the pressor material 1o ™ that eaused the hypertension
In the years that folloned there were sporadic reports
of partial occlusion of renal artenies by atherosclerosis
and thromboss® ¢ # #3111 Houwever not until re
cent years following fiequent use of aortography has
the relatnely lugh mcrdence of the association of sys-
temic hypertension and partial or apparent complete
occlusion of a renal artery been appreciated  In 1957
Poutasse and Dustan ** reported their studies mvolv
g 14 selected hypertensive pauents examined n a
two-year period (1955-56) Of these 30 were found
to have unilateral or bilateral abstructine lesions of
the renal artery  In meost patents the lesions were
consideredd to represent the primary ciuse of the hy
pertensive discase but some were felt to be aggravat
ing a precxisting hypertension  Most of the obstruct
tng lesions were on the basis of atherosclerotic plaques
and there were srx instances of poststenotic aneu
ryymal didatation  OF the 30 patients who were dem-
onstrated to have renal arterial occlusive disease 19
had esther nephrectomy or corrective renal artery sur
gery which usually resulted n remission of the hyper
tensive vascular disease

Morris and his co-workers ™ have performed renal
revascularization  procedures on 32 hypertensive pa
tents with renal artery stenosis  Eighty-one per cent
of these pauents developed normal bloed pressure
levels following operation  Nineteen per cent were
unpioved but demonsuated some residual hyperten
son  In unilateral renal artery stenosis the kidney
distal to the occlusive process often became the better
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kidney following revascularization, from both func-
tional and pathologic standpoints The reason for
this appeared to be that the kidney whose artery was
stenosed was protected from the nephrosclerotic el-
fects of the hypertension it produced, whereas the
normally vascularized kidney was not so protected
In many of theiwr cases the excretory urograms ap-
peared normal prior to operation In other instances,
a kidney which did not exhibit excretory function on
urogram preoperatively was normal 1n this respect
following revascularization

It has been emphasized by Poutasse and Dustan and
by Morris and his associates that at the present time
aortography or renal artertography 1s the only de
pendable method of demonstrating occlusion of the
renal arteries, despite various selective excretion tests
which have been suggested In discussing the basis
for selection of aortography, Poutasse and Dustan €m-
phasized that this procedure was not used 1n the rou-
tine investigation of hypertension, but was performed
according to the following indications  First, any
hypertensive patient, regardless of his age or dura-
tion of the hypertension, who showed unexplamned
disparity of the size or function of the kidneys by
intravenous urography was so studied It was found
that disparities 1n kidney length of only onc to two
centimeters, or a slight delay in appearancc of radi-
opaque medium on one side, might be indicative of
renal artery occlusive disease As a general rule, 2
kidney which was shown by intiavenous urogr.ﬂPhY
to be nonfunctioning, but which was anatomically
normal on retrograde pyelogram, was considered to
have an obstiuction of 1ts vascular supply Lven o,
important as such disparitics in s1/¢ and function



Occlustve Disease of More Distal Artertes 120

might be st was emphasized that the inuavenous uro-
gram could be enurely normal i patients with ob
structive arterial lessons  Second 1t was fele that
aortography was dicated 1 young patients who
did not seem to have essentinl hypertensine disease
since there was no familial history of hypertension or
any other demonstrable cause® In the study re
ported eight hypertensive patients who were shown
to have renal artery disease were less than 35 years
of age and tliree were less than 20 years of age It
1 of course now fully Apprecrated that coronary artery
disease or lower aortic occlusive discase may occur n
patients in the third or fourth decade of fe  Third
pauents who were elderly and hypertensive but who
suddenly developed accclerated or malignant hyper
tension were offered aortography

Since the syndrome of malignant hypertension 1s a
rare complication of essenual hypertension in patients
more than 55 years of age Poutasse ind Dustan # em
phasized that the deselopment of such a comphcation
should prompt a suspicion that the hypertension may
be caused by renal arterinl occlusive disease  Fourth
1t was believed that any patient whose long standing
enenual hypertension becomes abruptly more severe
should have aortography to exclude renal artery oc
clunve disease  The possibility of occlusive disease
was rendered even more likely 1if previous urograms
had been done and later there was a definite change
from the previous studies Certamn of these patients
might deve]op hypertension after an attack of flank
Pain suggesung possible thrombosis of a renal artery
with subtotal renal infarction

1t would appear therefore that perhaps the major
1ty of pattents with unexplained or essential hyper
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tension should have arter iographic visualization of the
1cnal arteries

Management of Renal Artery Occlusive Disease

A number of the problems nvolved in the manage-
ment of renal artery occlusive disease have been men
tioned above Speafically, the piresence ol such a-
terial occlusion must be established, usually with an
arteriogram  Once the occlusion has been demon
strated, one may relieve the obstiuction neat the o
gin of the renal artery [rom the ao1ta by either thiom-
boendaiterectomy # or artetial bypass gralt ™ Occa-
sionally the imnvolved kidney o1 a poruon of 1t must
be resected Neveitheless, wherever possible every el-
fort should be made to 1estore normal artersal flow
1ather than to excise 1enal ussue.

Most important, the 1eliel of 1enal artery obstiuc
tion has commonly been followed by a 1eturn of the
blood pressure to normal This finding will serve as
a tremendous stimulus to provoke a fiesh analysts of,
and a more aggressive attack upon, hypertensive car-
diovascular disease

OCCLUSION OF THE LOWER AORTA
AND ARTERIES TO THE LOWER
EXTREMITIES

A wide climical experience now has established the
fact that obstructing lesions 1n chronic atherosclerotic
occlusive discase of the artenes to the lower extiemi
ties (Fig 29) ame ficquently well Jocalized and scgi
mental in natwe, having a 1elauvely normal ant
patent lumen both above and below the level of (?C
clusion %3110 A geneal appicciation of the seg
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be assoaated with an opportuntty to restore good
blood flow to the lower extremities than is femoral
occlusion Jargely on the basis of the fact that aorto-
ihiac occluston 1s usuatly assocated with an extensive
collateral arculation and 1n adciuton that the vessels
betng operated upon are larger and thus postoperative
thrombosis 13 much less hikely to occur  In other
woids, the surgeon would picfer to find that the
wchemic disease of the lower extiemuties 18 due to
occluston high up at the bifurcauon of the aorta
rather than in the femoral artery below

LEVEL OF LEVEL OF
ANTERIAL ORSTRUCTION CLAUDICATION
AOATA
LA
SACK p THEM
ORI
o asovr) (8 30U WPOTDKT}
THOH & CALF
CLALCICATION
8 CALF ATROPHT)
ORI
o Aaove)

Fc 30 The hutory und physical findings arc usually diag
nosuc of the approximate level of arterial occlusion
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Collateral Circulation. It was seen above that the
collateral circulation and the 1ate of its development
are highly 1mportant in determimng the symptomatol-
ogy which follows mesenteric aiterial occlusion  Simi-
larly, the collateral circulation mn the lower extiemi-
ties 15 highly mmportant i determining the climcal
findings which the patient with occlusive disease of
the terminal aorta and more distal a1 teries will pre-
sent For example, acute occlusion of the lower aoitd
and both 1liac arteries by a saddle embolus from the
heart, perhaps secondary to recent myocardial m{arc-
tion with mural thrombosis or to atrial fibrillation
with clot mn the lelt atiial appendage, may present
with cold, almost white legs in which very little blood
flow can be demonstrated, bilateral amputation may
well be required if the embolus is not removed in
time In marked contrast, if the occlusion of the
terminal aorta develops slowly over a pertod of weeks
or months or years, the collateral ciculation may be
sufficiently extensive actually to produce weak pulses
in the feet in the occasional patient Tius collateral
circulation not only has an important bearing upon
the date at which the patient scchs medical adviee
regarding the pain of the intermittent claudication.
1t 15 also an impottant consideration when one selects
the type of direct arteial attack to be cmployed n
relieving the 1schemia of the Jower extremties duc to
occlusive disease  For every cffort should be made 10
avoid dividing major collateral arterics in ope1ating
for occlusive disease of the lower extientics, and this

will [requently mean the employment of an artertal
[ 1csecuon of the occluded scg

bypass graft mstead o
[t to 1eplace the evased

ments with usc of a dnect gre
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arterrl segment  Fdwards ™ hias pointed out that the
clfcctineness af collatetal systems depends upon (1)
the size of the anastomoses (2) occlusion patterns s
regards collateral wnvolvement (3) f{unctional needs
of the tsues supplied and (1) the general factors af
fecung blood flow and bload content  In discussing
collateral arculation he ponts out that in at least
one paired organ the kidney total necrosts of a sin
gle member 13 less harmiul to the parient (less hikely
to produce hypertension) than sunaval of the organ
with a reduced artenal arculiion  Winblad and
others ' studied the cuologic mechanisms of collat
eral circulttion wsing interaiterial pnevsure tracings
artertography crnefluorography tissue pOy and 1n the
dog perfusion of a major artery distal to the occlu
ston with saturated and unsaturited blood It was
believed that the collateral drculation in the dog
as measured by arteriography and distal pressure trac
ings, corresponded directly with the pressure gradient
at the site of occlusion Terfusion of the extremity
dstal to occluston with saturated and unsaturated
blood produced no appreciable effect on the develop-
ment of the collateral circulation

In his review of collateral arculation natural and
arufiaal Learmonth ¢ noted that the task of collat
eral arculation 1 to carry blood to the capillaries in
Quantity and at a high pressure  Tlus 13 best accom
Phshed when the alternauve routes return blood to
the main arterres distal to 2 block. The general mear-
wres considered in encouraging the development of
collateral circulation include rest anticoagulant drugs
and the avoidance of local heat to the jschemic part
The collateral arculation could he concluded be en
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courtaged artificially by reflex vasodilatation, drugs,
and occasionally by sympathectomy

General Diagnostic Considerations

Symptoms Whereas ten yeais ago neciosis of the
tip of a toe associated with the pamn of intermittent
claudication ? 13 usually 1esulted first 1n a sympathec
tomy and later in amputation of the toe or, mor¢
likely, the leg at a level just above the knee, few phys
cians would now recommend amputation for minimal
necrosis of a toe without first having established the
probable level of arteiial occlusion and whether or
not 1econstiuctive arterial suigery weie possible to
repair the arterial defect Aiterlogiaphy is usually
essential 1n reaching such a decision For this 1cason
1t 15 particularly important to emphasize here the
symptoms of occlusive discase of the lower aoita and
arteries of the legs Digital ischemia so produced
must be distinguished f1om that due to other causcs
(Ing 31)

The classic desciiption of aoito-1liac thiombosis Was
recorded by Letiche m 1940 and came to be known a5
the Leriche syndiome 63 As he desciibed 1t, the
typical symptom complex occuired in men I the
third to the sixth decades of life  Fauguce and weak
ness of the legs, with mability to mamntam pentlt
crection, were emphasized as common complants
Physical findings cluded an absence of artertal
pulses the lower Iimbs, muscle atrophy and p.xllm.
but a relative absence of nophic changes the tocs
Subsequent to lus desciiption 1t became clem that
claudication o1 weakness mvolving the hip mea,
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ATHEROSCLEROTIC

: -~ _OCCLUSIVE DISEASE

\ OF AORTIC
BIFURCATION

A

~~._ OCCLUSION OF SUPERFICIAL
FEMORAL ARTERY

~—— ARTERIOVENOUS FISTULA

——— ANEURYSM WITH THROMBUS

——~COMPRESSION BY BONE
FRAGMENTS

OBLITERATIVE ATHEROSCLEROSIS
7 oF SMALL VESSEL

AT~ BUERGER'S DISEASE COLD WWURY
DIRECT TRAUMA, SCLERODERMA

Many discase conditions may cause ischemia of
a toc
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cludmg the low back and thighs, was a fairly common
finding 22 33

Despite the impetus which the dramatic concept of
“Leriche’s syndrome” impaited to arteral swigey,
the clarity or sharpness of this syndiome has been
somewhat dissipated by a vast amount of clinical e\
perience with occlusion of the terminal aorta and the
i1ac arteries The loss of distinctness of the clincal
picture 1mtially described has been due to vaiiations
In the frequency with which the gioup of clmcal
findings originally described have been found to
gether 22 There aie, of cowse, mnumeiable vaia
tions 1n the piecise locations of sites of segmental
occlusion,**: 50 and 1t 1s the specific tissue deprived of
adequate blood supply which determines the clinical
findings

Neurologic diagnoses aie not infiequently made
when the underlying defect 15 aiterral 1n natwe. Gil
fillan and his associates 38 have drawn attention o cer
tain types of occlusive disease which ae paiticulaily
likely to be confused with neive lesions The find
ings of muscle atiophy associated with muscle weak
ness have been mentioned 1In the presence of lower
aortic occlusion severe pain on walking may develop
in the buttocks, thighs, and legs, usually m this order
Fatigue of the involved muscles usually piecedes the
onset of frank pain In total 1hac obstiucuon the
pauent has pain begimning in the buttocks and e
tending into the thigh and 1nto the calf on the of
fected side. This pamm may bear a close sumifainy 10
pam secondary to neive 100t nination i the low
Jlumbar and sacial levels, and may offer a difficult
diagnostic problem 1 some mstances Paraal sl
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obstruction may be ssociated with 1 less extensive
group of findingy  Obstruction of the deep femoral
artery may result m pun i the antertor and medial
aspect of the thigh 1n some cases.  Obatruction of the
superfictal femoral artery or the femoro-pophteal ar
tery results 1n the well known clandication pain oc
cuming primarily tn the calf

Thus 1t 1s not uncommon for the neurologist to see
patients whose underlying discase 1s due to arternl
occlusion  nor 15 it rare for the vascular surgeon to
be referred patients for possible reconstructive arterial
surgery who actually have pulses in their feet and
whose underlying defect 1s neurologic rather than vas-
cular  The vascular surgeon can usually exclude sert
ous artertal disease if he finds relatively good pulses
present in the feet and of course at all levels above
this point including pulsauons i the abdomnal
aorta,

The duration over which the symptoms have been
present neither includes nor excludes the possibility
of aortic or other artenal occlusne disease  We
treated one patient with occlusion of the terminal
aorta due to atherosclerotic thrombus who had known
that he had weak or absent pulses 1n tus legs for at
least 14 years  He had progressively been able to find
less and less exacting jobs from an exerase stand
point, to keep abreast of the diminishung arterial cir
culation 1n his legs. In reviewing 65 cases of dlironic
2orto-1hac thrombosis Bechwith and lus associates 4
found that 1n 80 per cent of the cases the patient had
had mtermittent claudication for one year or less
Seventycven per cent had been symptomatic for five
years or less, and 91 per cent for less than ten years
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However, fow ol their patients had been symptomatc
lor ten years o1 longel

Physical Findings Accompanying the slowly pio
gressing distiess consisting of erther fatigue or actual
pamn 1 the calf, thigh, hip, or back produced by
exercise ale ceitain physical findings  The moie dis
tal pulses aire of course usually absent In the pics
ence of complete terminal aoitic thrombotic occlu
ston one will usually feel no femoral, popltedl, o1
foot pulses—though in the occasional case the col
lateral circulation may be sufficient to produce weak
pulses at vaiious levels Relative schenia due to
partial aorto-1liac occlusion can be assoctated with 4
relatively normal ao1togiam

The abdominal aorta 1s easily palpated through
the. abdominal wall m most patients who ac not
obese Likewise, the 1liac aiteries can be pa]patcd at
most points [rom then origin at the aoita to the m
guinal Iigament, and the femoial pulses can be pal
pated below the inguinal ligament The pophtedl
pulses are moie difficult to detect than aie the othel
pulses 1n the leg, though the poplhiteal pulscs becomc
much caster to find alter one pnuemly practices and
comes to know then location Therelore, careful
evaluation of all pulses fiom the aoita down to and
including those 1n the foot 1s an essential part of am
evaluation of the arterial blood flow to the Jower v
tremities  Next mn rmpotitance 1s an ¢valuation of the
nutritional status of the shin and 1ts appendages,
well as the evidence of the presence o absence of
muscle attophy  Maiked trophic changes and atroply
m the feet are less common with aorto thiac occlusion

. an
than with femoral o1 femoro popliteal occlusio
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Such trophic changes consist of decreased hair growth
decreased or abnoimal toenatl growth thinmng of the
skin and subcutancous ussue and reduction 1n ar
cumference of the calf due to muscle atrophy  \ny
or all of these findings along with pallor or coldness
of the foot and lower leg should prompt cmelul evl
uation of artertl status

\ bruit ocaasionally assactated with a threll s
not uncommon finding over any parttally occluded
artery and the ihie and funoril artenies are not ex
ceptions  We hne ficquently found a brut and
thnll over the parually occluded altac or femoral ar
tery i pauents with occlusive arterinl discse  In
addition to the occlusive discase of the lower aorta
and arteries to the lower extrenuties assoctated emdio-
vasculr disease 1s quite common since atherosclerosts
1s of course a generalized process  Included among
these other manifestations of vasculir diserse are hy
pertension renal insufficiency cerebiovscular disease
coronary utery disene and it tmes viscarl ischemi
witlun the abdonen

Aortography and Visualization of More Distal Ar
teries  Ao1tograms have been used extensinely in the
demonstration of occlusion of the 1ortic bifurcation
(Fig 32) and more distal rtenes 1he chiieal ar
cumstances will dictate whether 1ortic or lemoral ar
teriography or neither 1s indicated 1n the given case
Since arteniography 1s not without 1n occisional sert
ous complicatton there his been 1 tend toward the
more consenvatine ¢ nelullv selected use ol this pro-
cedure A\t the present ume many do not employ
aortography when physical findings ndicue occlu
tion ot the terminal aorta or the iliac arterics. Un
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Fic 82 This aortogram revealed occlusion of the lowdr
portion of the abdominal aorta

less there aie major contiaindications, onc 1s gomng
to perform a laparotomy to relieve the obstruction
of the termmal aorta and of the thac ateres, and
1t 15 not always nccessary to subject the patent 1o the
risk of nanslumba aortography Onc sunply expose
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the lower aotta aind the 1li1c arteries and deternunes
from direct examination the cxtent of obstruction
Actually we no longer perform translumbar visual
zauon even of aneunysms unless they are 1ssociated
with occlustve disease or 1t 1s suspected that the aneu
ysm extends above the level of the renal arteres

The most essenual poruon of arteriography n con
nection with management of occlusive disetse of the
vessels to the leg 1s found in the demonstration of an
adequate run-off to the vessels supplying the lower
leg  Thus the femoral artery 1s often exposed 1nd
if good back flow 1s not apparent a femorl artcrio-
gram 1s performed prior to aoito-femoral bypass  For
little of benefit would be accomplished by relieving
aortoliac obstruction if there were large scale oblit
erauon of the more distal artenies  In fact a bypass
extending from the lower aorta to the common fem
oral artery might well become quickly thrombosed 1f
there were no adequate run-off in the femoral artery
dutal to the point of anastomosis of the lower end
of the graft to thus artery

Nevertheless the judicious use of aortograms and
more distal arteniograms 15 a most 1mportant adjunct
i the precse and effective management of 1schemic
disease of the lower extremities

Other Diagnostic Measures. It 1s fair to say that
most vascular surgeons doing a continuous volume of
Peripheral artennal surgery determine whether or not
Operative ntervention is indicated n most patients
by means of the clinical findings sclective arterlogra
Phy and the use of the blood pressure cuff and the
owallometer However certain additional measure
Ments have been found wseful upon occasion  These



144 Surgery of the Aoila

include the measuiement of skin temperatuies,’®s the
use of pulse 1egistiation 20 and 1elated technics

Aorto-1liac Occlusion

The swmgical 1elief of occlusion of the terminal aorta
and the 1liac arteries 1s now commonplace 1% 33t Al
though such an opeiration was suggested by Letiche®
in 1923, direct surgical attack to 1estore blood flow
was not feasible at that time TFortunately, for some
years a combination of nonsurgical measuics, with or
without lumbar sympathectomy, did provide a con
siderable measure of 1elief 1n many patients with this
condition

It was pointed out above that the patient with
aorto-1hiac occlusion usually complains of slowly pro
gressing distiess 1n the calf, thigh, hip or back, usu
ally induced by exercise and relieved by 1est Inc
viewing 448 cases of aorto-1hac occlusion treated by
surgical attack, DeBakey and his associates 1 found
that the age range ol those patients with complet¢
aorto-1l1ac occluston was essentially the same as thosc
in which there was mcomplete aoito iliac occlusion
The youngest patient was 25 and the oldest 8% year
of age, with the highest madence m the fifth, sisth
and seventh decades Only 9 per cent of then ases
weie 1n females, emphasizing the well-known predom
inance m males  Of then 418 cases, 68 (18 pt! cent)
had m addiuon occlusive discase mnolving pcnph(r.ll
arterial beds  This peripheral atcral occlusion
found more [requently mn paucnts with mcomplete
aortic occlusion than m those with complete dorte
occlusion  DeBakey and his group employed thmml
boendarterectomy, €xcision and gialung, ol arteni
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bypass graft or a combination of these  Ihe mnds
canons for one or the other of these procedmes ware
found to be dependent upon the extent and the na
ture of the occlusine process as well as upon catan
systemic factors T umbar sympathectoiny was con
sidered a desirible supplemental procedme in cases
i which there was assocated penipheral disease with
sccondary nanowing or acclusion in the more distal
artenial bed  Each of the thiee generd methods of
treatment was successful i restoring pulsaule arcu
lation through the major attenal channels i 1 Tuge
percentage of cases It was fele thae this lugh depee
of success confirmed the value of using 1 parucular
type of surgical attack 1 the given case to aclueve
optimal results with the method employed 1n the par
ticular patent  Carcdhae wnd renal discase const
tuted the major cause of death in the operitnne mor
ity of 27 per cent

At the hospual of the U nnersity of Misstssippr we
have had a more modest but equally grufying ex
Penence with e management of occlusive drsease
tvolung the terminal aorta and the 1ho-femoral ar
ternes  Once the symptoms have brought the pauent
to seek medical Advice the diagnostic measwmes noted
3bove are employed to determuine the approximate
level at which occlusion has occuried  If the occlusive
process clearly lies within the abdomen aortogram 1s
ot usually employed  Laparotomy 1s performed and
the level of occlusion determined by exposure of the
dorta (Fig 39)  Ihe ocdosive process may of course
ctend up 1w the renal uteries m some patients
whereas 1n othets 1t 15 located Just 1t the termnal
orta and 1ty bifwicaon  In sull other stances the
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process extends for some distance downwaid to in
clude not only the common 1liac arteries but at times
also the external and the internal 1liac arteries

If the occlusive process extends up to the level o
the renal arteries, a clamp 1s placed briefly above the
level of the 1enal arteries and the plug ol thrombotic
mateiial 1s flushed downward o1 removed from the
neighboihood of the renal aiteries by masing the
aorta transversely at a level about two nches below
the renal arteries and peiforming thromboendarterec
tomy upon the segment between the level of this n
cision and the renal arterzes The occluding clamp 15
then moved to a level below the renal arterics and
the remainder of the aoita 1s thiomboendaiterecto
mized, 1f this 1s desirable If 1t 15 not, then a bypass
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Fic 31 An sortofemoral bypass graft is shown  Thu
patient had severe bilateral lnp-tingh-call claudication prior
to the bilateral revascularization of the common femoral

artery and its tributaries.  Eacellent pulses were restored
in both feet.

graft 15 employed extending from the aorta to the
tommon {emoral arteries on erther side {(Fig 34 3D)
and at tmes 1t 15 continued to the popliteal artery
(F1ig 86) There 1s a distinct hasard in thrombo-
endarterectomy of the aorta just below the renal ar
tery for various authors have recorded renal failure
due o embolization of portions ol the thrombus to
the renal arteries™ For thu reason we have been
extremely careful to dislodge as Iittle of the thrombus
@ poysible when performing thromboendarterectamy
1ot below the renal arteries and we have taken the
Prtaution of palpating for pulsaton m cach renal
artery following this procedure
Thromboendarterectomy for highly localized occlu
30N at the aort1e hifiireat 1 1€ 119119y rtrsrtm amtoeFo
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tory  Howevei, when the occlusive process mvolies
the terminal aorta and a considerable portion of cach
common 1liac a) tery, the probability of a successful
tlnomboendalLelectomy without caily postoperatne
occlusion by new clot 1s 1educed  Therefo; ¢, m gen
cral we have employed thiomboendar tercctomy lor
occlusion of the aoita 1tsell and for short occlusions
of the 1hac arteiles We have not employed thiombo
endaiterectomy 1n recent months for occlusive discase

(L P
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Lic 35 Vortoihac occlusion may be mangad by throm
bocndamiarcctomy of the thrombosis 1s segmental and highly
localizad we the aortic bifurcauon 10 the thrombmis 1
axtamsne thiombondarterectoms s apt 1o resnlt n ulh
postoperative cloting and thus v hyvp s wiaft Sould T

uscd
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to include end tonde anastomosis to onc or both popliteal
anteries.
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ol the femoral arteries o1 for occlusive discase of eien
the exteinal 1hiac arteries 1 he aoito femoral bypass
usually functions quite well and theic 15 a lower m
cidence of early postoperative thrombosis

Unless the occlusive disease of the lower aorta 15
associated with aneurysm formation, [ew suigeons still
employ 1esection of the lower aorta and the aortic
bifurcation with grafting 15210 In the absence of
aneurysmal dilatation, then, either thromboendarta
ectomy or aiterial gialt bypassing, o1 a combination
of these two, comprises our usual foim of manage
ment of occlusive disease of the lower aorta and the
thac artertes At the present tume we aic using bhoth
Teflon and Dacron prostheses, though caily reports
indicate that the latter material may prove morc sat
isfactory. The prosthesis usually entends from the
antertor surface of the abdominal aorta above the
level of occlusion to the common femoral ot, 1m €35
of femoral occlusion, to the uppet pophtcal arten
The diameter of the bypass graft prosthesis that 15
employed 1s usually almost twice the si/¢ of the fem
oral or popliteal artery to which 1t 1s bung ANAsto
mosed 1n an end to side fashion We prefer a ¢on
unuous stitch of 4-0 arterial silk A Y galt extend

mg from the lower aorta to cach common fcmoral
‘This Y bypass gmfl

artery 1s shown i Figue 51
cach  foot.

immediately restored strong pulses
whereas preoperatively he had not been able 1o walk

1
more than a few steps due to scham yesultmg fron

occluston of the ternunal aorta and the tliac e
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Occlusion of the Femoral and More
Distal Arteries

All 1n all the pauent with occlusion of the super
figal femoral and more distal arteries 1s less likely to
have an opumal result from surgical intervenuon than
1s the patient with occlusion at the terminal aorta and
thac artenes ' N\evertheless a great deal can be
done for patients with occlusion of the superficial
femoral artery ¥ As noted previously Roberts and
Hoffman *% found that in 1bout 30 per cent of p
uents who were admutted for possible amputation of
the leg 1t was posable to perform switable artenal
gralung 10 relieve the 1schemia Most ol therr pa
tients had occlusion of the superfical femor! artery
Thus artenal grafung mny obviate the necessity for
amputation m a sugnificant percentige of cuses with
gangrenous or pregangrenous lesions of thetr extrerm
ues. Bypass grafting in the leg 15 accompamed by
a higher madence of early and late postoperative
thrombosis than 1s thromboendarterectomy or bypass-
ing of aorto-ihac occlusion  Nevertheless amputation
should not ordinarily be undertthen for arterdal oc
clusion unless arteriograms have demonstrated that
the patient would not be helped by a gralting proce
dure  If the occlusion 15 distal to the popliteal artery
gralting procedures are at the present time not suit
able to relieve the rchemia 1n most subjects

While the physical findings 1n the presence of aorto-
iliac occlusion are usually suffictent to permit explora
tory laparotomy without the perfonmance of an aorto-
Bram it 1s essentinl to use nrteriograms in determin
ing the levels ol occlusion and the collteral arcu
lation in arterial occlusive disease m the leg tself
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Accordingly 1f the common femorl pulsation is pres-
ent and good on the side mvohved indicvung that ob
structive discase does unt exast m the vesels situted
in the Aabdomen  the common femaral niery s fo
mally exposed by imasion on the operiting eible un
der spinal or generl anesthesit i an artenogram 1s
performed  (The arteriogrun cn of coutse be per
formed percutancously priot to operaton)  Tlus wall
demonstrate whether or not there 1s a suitable re-entry
for 2 run-off tract conung back n below the level of
the occlusion  1f the mdiopaque medium re-enters
the main channel of the upper poplhical artery below
the level of the femoral occlusian the patient 15 con
sidered sustable for 1 bypass graft extending from the
tommon femoral artery to the upper popliteal attery
(Fig 37) A\t umes as noted the length of the
segment involved by the occlusive process my be no
more than 1 em  1n tlus arcumstance one may occa
slonally do a thromboendarterectomy successfully or
pethaps more commonly 4 short bypass graft (for
e see Fig 38)  We have emploved both proce
dures with satisfacion  Nevertheless 1t should be em
phasized again that thromboendarterectomy 12 4490 14
for occlusive disease below the level of the common
femoral artery 15 rather unsatisfactory and we seldom
employ 1t at the present ume

Actual resection of the mmvolved segment of the
femoral artery 1s now rarely peiformed for two ren
tons finst, this type ot grafting procedure 1s perhaps
associated with a somewhat higher madence of throm
bosis than 15 the bypass graft and second—and more
important—the excision of such a segment of the ar
tery destroys collateral circulation 1 many 1nstances
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Vs At sur
d proslhcsxs

Fic 38 In sclecung the proper sie prosthe
gery, 1t 1s helpful to have rings of various si7¢
mounted on a piece of cardboard for mspection In thes
way one avoids unwrapping several sterile grafts before the
one of the most sauisfactory size 1s found Although the
diameter 1 nches s of course mscribed on the outstde of
the sterile wrapping, actual visualizaion of grafts of sarious
sizes achieves more accuracy m selecung the proper ‘”’;‘
than does onc’s memory regarding how large a graft o
say, onc mnch actually 1s

I[ following opecration a bypass graft should hecomt
thrombosed, the patient 1s not woisc than he was prc]
viously, 1f the surgeon has not saerificed (oll.tl(‘l‘ﬂ
cnculatton  On the other hand, if the collateral of
culation has been molested 1n the process of actul
resection of the diseased segment with grafung. cml\'
thrombosis of the graft may result i loss of the let
when the panient had been able to walk wnto the ho
pital A fundamental prinaiple of dnect arterni] sur
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gery 1n the leg 1s not to lene the patient in a wore
condition than he was when he came to the hospatal
This objectine 15 best achieved by employing the ar
tenal bypass graft with or without lumbar sympathec
tomy

In summary whetcas there s admittedly 1 g
mficant inaidence of early and late thromboss 1 the
bypass grafts which must extend from the aotta to
the common femoral or to the popliteal artery (kig
37) the results of the treanment of puents who e
quire such grafts are usnally graufying  Vost subjects
are relieved of 1schermic pain and therr exerase tol
trance 1y greatly mncreased 11 occlusion of a femoro-
popliteal graft should occur as 1t will in a number
of patients there 13 no contraindication to perform
Ing a second bypass graft usually with equally saus
factory results as compared with those following the
onginal graft Moreover since the operation 1nvolves
only the vessels 1n the extremity and one does not
need to open the abdomen the presence of assoctated
cerebral cardiac or renal disevse 1s not quite as serl
0us 2 contraindication to operation as 1t would be
if the aorta and 1lac arteries were tmalsed

Adductor Canal Thrombosis Dunlop and Santaos *¢
have emphasized that most of the thromboses of the
femoral artery occur 1n the adductor canal In a re-
View of 41 femoral arteriograms they found that 76
per cent showed an obstruction of the superfiaal fem-
oral artery at this level It was their concluston that
the predilection for occlusion to develop 1 the super
fiqal femoral artery at tlus level 13 the result of local
trauma caused by the adductor fascia and tendon as
the artery 13 compressed between these structures and
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the femur Fixation of the a1 tery was considered to
prevent longitudinal expansion and to 1educe the
output thiough the collateral cnculation  Unroofing
of the adductor canal, mobilization of the artery and
excision of the thiombosed segment was 1ccommended
n suitable cases

While this concept 1s an interesting one, rescction
and grafting of the femoial aiter y 1tsell probably
not now done by most vascular suigeons We have
preferred to use a bypass gralt from the common fem
oral to the popliteal artery

Anterior Tibial Muscle Compartment Claudication
with Incomplete Arterial Occlusion It has occasion
ally been noted that pulses in the fect may he pros
ent belore exercise but may disappear during nn.(z
early following exercise In this connection Jono
has described anterior ubial muscle compartment
claudication with incomplete arternal occlusion I
4 patient he 1epoited there was anterior ubial com
Partment muscle claudication m which both domll;
pedis and posterior tibial pulses, present on f"l‘“:(
examimatuon, had disappeared after excicise r“d
signs and symptoms were completely relieved by cnt
arterectomy of a short segment ol the pnrtmlh u
cluded femoya] artery f

Arterial Bypass Below the Knee, In an cffortt” n.«
ford pulsatle flow 1o the foot of the patient \xhn:\
proxmal popliteal ay tery was not surtable for h\pi‘(
graftung, Nor s and his associates ™ .'mnsmmﬂ“d l'.
lower «nd of |, femoral bypass gralt to the [)«)ph{((;r:
MLEY Just helow gl Lknee  Although this ot (
done, since m magy such patients the prosi i [H‘.
heeal artery ‘snn.;b]c for distal bypass anstomit!
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combined approach to the camuman femortt anton
and the distat popliteal ot pentenion nhial ateny
sometimes neccsarny 1 the treatnent of occhsians of
the pophiteal artery o1 popliacal ancusyas tin
above authors appioathed the  poplitedd anens
thraugh an anteromedial inusion: below the Luee
Ths wasion nas made with the patent supne
ombmatton with femoral and alulomimal intisons
where indicated  Nine mstanees weie zeported
whuch below the knee artenial bapiss gralt wis wed
{0 eight pauents, ANl patienty 1 whom 1 bypas
gralt had been extendad aciess the pophiteal space
were nstructed nat tn {lex the bnee Devond ™ de
greet. Tt hag been shawn that squatting may catse
complete hanking af a bypass gaft which hae been
rendered more nigud 11 by betng setuated i the tssiey

OCCLUSIVE DISEASL OF T1L TTRMINAI
AORTA AND MAJOR ARTIRILS
IN THE TROS

It is not posuble lere o review 211 die considera
tions which are of importance e the supical nan
2gement of patents with occlusice disease of the lower
?:‘I‘lc;:: the ihac and {emaal averies Neverthe

0 gencral statements are warranted {n this

hugh

‘T‘cu)l mpor@ant awd genuwmely promang fuld of

dmll':(r swgery  Fust there s no question but that
Spenence and judgment ue most wby m

Bgeous an reduan

L the inadence of nontatal |
- and
- ff:n:xl tomphications  Insmuch as the patients

requently elderly and he multiple asociated
T system as well as ather

ent 13 required o deter

of the cadiovascula
STRR®S at timey fine Judgm
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If Priscoline 1s used, 1t may be given fomr umes daily
m a dosage of perhaps 50 mg  \s 1cgards eneiene,
the patent should be cautioned to stop walking and
rest when his legs become tned o1 actual mtermttent
claudication develops  II theie 1s a tendencs to swell
ing of the feet, he should he down durmg a portion
of each day to 1educe the edema and to thus facilitate
tissue oxygenation

It should be borne in mund that further develop
ment of collateral crculation 1s possible in most m
stances, 1f the extiemity can be made to smvive an
acute episode of thicatened gangiene, this state mi
be followed by a considerable period of relatnve com
fort due to impirovement 1 the collateral cuculation
Cranley %5-17 has stessed the mportance of dhmed
grading of the seveity of obliteratinve artertal disease
as a guide to ticatment and prognoss

Sympathectomy I[ fiank and major gangrene has
not developed by the tnme the patent 1s admitted for
consideration of possible amputation becaust of dis
tal arterial occlusion 1 which no rcconstiuctine W
tenial surgery 1s possible, sympathectomy should b
offered 1m most subjects  For a ume we wae quitt
pessinustic regmding the value of lumba sympthe
tomy m the management of atherosclerotic orclusine
discase mvolving the lowa extrenuty but 4 number
of 1ecent cases have 1estored o measne of confidence
m the value of this procedume mn ccrram seleed pe
uents = Ol comse, most surgoons have pt
ssmpathectomy  for athaosderone occduss "
for mans scus, paroculatls pam to the p.

ability of more cotony techmmes witl
lowes

'

restore pulswt - ow to the
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A number of good 1eviews 1egarding the value of
sympathectomy 1 lige senies of ¢ ises hise been pubs-
Il\hﬁl" 83 a3 7T B ¥ 83 1 je]

In birel an the pruaent who hos only mginal neao-
s»y of a pottton of a toc or perhaps an ulceruion of
the lower Jeg or mtermuttent cludication tn whom
there 15 no possibility of performing a sausfactory m
terial bypass sympathectony should usually be per
formed  \ctually 1t 1s our practice to take the pa
uent to the operaung 1oom nd under cither spinal
or gencral anesthesia to expose the femoral artery
and perform an arteniogram for visualisation of
the femoral artery and ns major brwnches mcluding
the popliteal arten I 1t 15 demonstrated to be
feasible to petform a femoro-popliteal bypass thus
s done wsually without the additional performance
of a sympathectomy Iowever 1if a bypass 15 not
feasible a Jumbar sympathectomy 1s performed
through an abdominal lateral abdominal or lum
bar approach  Most patients will obtarn a measure
of relief from intermuttent cludication or cien rest
pan following sympathectomy  Needless to say such
relief 13 not to be favorably compared with that which
15 achieved when a sausfactory bypass can be con
structed  but 1t nonetheless does prevent gangrene 1n
many instances and At least increases the length of
tme before an amputation of some type may be re
quired.  Furthermore 1t should not be forgotten that
4 sympathectomy which spares the patient pain and
pastpones amputition for even a year or two years 1s
olten almost as effective as the bypass graft which may
thrombose fairly early following operation



10T Qurgery of the dorta

Summary and Conclusions

I The pathophysiology, diagnosis and manage
ment of atherosclerotic occlusive disease ol e
the abdommal aoita, 1ts major visceral branches, and
the arteries to the legs have been 1eviewed

2 Cehac aitery thiombosis 1s not often diagnosed
clinically unless 1t 1s associated with occluston of the
Superior mesenteric artery.  This 1s because the m
gans supplied by the celiac axis have either a dual
or an extensive collateral blood supply o1, m the
case ol the spleen, because the function of the tissue
m question can be sacrificed without serous phvan
logic disturbances

3 Supeiior mesenterrc atety occlusion can pro-
duce a typical food-pamn type of abdonunal angina
at times prio1 to late ischemia so severe as to caus
bowel gangiene and peritonius  Relative small howel
1schemia can 1csult 1 a form of malabsorption sy
diome  The ischemia can often be corrected by means
of cither thiomboendartercctomy o1 bypass graft

1 Inferior mesenteric artery thhombosis rely ¢ven
tuates 1 gangiene mvolving the left colon unles the
supcerior mesenteric artery and the hy pogastric artaes
are also occluded

5 Renal artery thiombosis has long bren known
to 1esult 1 systemie hypatension o the sare v
Recently, however, the widcspraad nse of aortoguin
has disclosed that dus sschemie mochamem ot an
many more hypertensive patents tha wis presioieh
realived  The hinding of & smad] Kidney on one el
with acduced apsilaterad  function on itk pe e
studies, should prompt an aortogram fom w.mnlh !
tuon of the renal artanics i selected poents 2o
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hypertension 1s not otherwise sausfactonly explained
Following surgical correction of the renal ischemia
the blood pressure commonly declines to normal

6 A wide and quite successul clinical experience
with the relief of aortic, iliac and femoral arterial oc
clusive disease has been amassed  Almost no leg
should now be amputated for intermuttent claudica
tion 1est pamn or minor necows of the foot until
chimal and arteniogmphic studies have excluded the
possibility of successful thhomboendarterectomy or by
pass grafting  Surgical considerauions mvolved 1n
aortohac and femoro-pophteal artenal reconstruc
tion have been considered 1n some detail T umbar
sympathectomy combrned with meticulously executed
consenative measures can often provide much 1eliel
where 10storaton of pulsatle flow through ~ternl
surgery 1s not posstble
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Aneurysms

EW suigical acliesements of modern times have
Fbccn more generally accliuned than has the
success{ul mnnagement of arterial ancurysms
These lesions have been a source of fascinauon and
challenge to physians thioughout the ages®  but
not unttl the past decade has genwinely effective ex
cronal treatment been asatdable  Patients with thes
Intherto hopeless conditton can now olten be offered
a new lease on hle
Many surgeons contributed to these recent ccom
plishments but perhaps the most important develop-
ments were first the demonstration by Cross and his
co-workers # ¢ 1n 198 that coarcted segments of the
tharacic aorta could be successtully repliced with ar
terial homografts and second the demonstrition by
Dubost and hn 1sociates that an aneurysm of the
abdomnal aorta could be resected nd replaced with
an aoitic homograft ® *  Following these advances
many surgeons throughout the world contributed to
the rapud further development of this excisional treat
ment for aneurysims the most cutstanding single group
being that of DeBakey and his associites 143 At the
Present time aneurysms of all poruons of the aorta and
1ts major branches have been successfully resected and
replaced with either homografts or with fabric ma
terals such as Nylon Teflon or Dacron

175
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‘The vaiious factors mvolved 1n the surgical ticat-
ment of aneurysms of the aoita and its branches will
be discussed under the following headings

A General Considerations
1. Etiology and Definitions
2 Signs and Symptoms of Aneurysms
3 Diagnostic Measures
4 Prognosis Without Surgery
5 General Principles of Surgical Attack upon
Aneurysms
B Aneurysms at Different Levels of the Aorta and
Its Branches
1 The Innominate, Carotid and Subclavian Ar-
teries
2 The Thoracic Aorta
3 The Thoraco-abdominal Aorta and Its Vis-
ceral Branches
4 The Abdominal Aorta Below the Renal Ar-

teries
5 The Iliac, Femoral and. Popliteal Arteries

GENERAL CONSIDERATIONS
Etiology and Definitions

Aneurysms may be either saccular or fusiform or
both, and they can be caused by a variety ol agents
which weaken the vessel wall In the past 1t Was
generally believed that syphilis was the most comnzlon
cause of aneurysm formation, and certainly this l]Si
ease still results 1n many mnstances of arterial wa
damage Thoracic aneurysms aie more often due to
lues than are abdominal anewiysms But even ;O'
the incidence of syphilitic aneurysms has steadily de-



Aneurysms 177

clined until now most ancurysms of the abdominal
aorta and perhaps the majonty of those in the tho-
racic aorta are due to arteriosclerosts in one form or
another  Of particular interest are the 1elatively un
common patients with cystic medial necrosis 1 some
of whom the clssic collatern] findings of \Marfans
syndrome are present*  The so-called congenttal
aneurysms* arc duc also to a congenital delect 1n
the structural composition of the wall of the artery
usually of the medit. Thete may be a dearth of
elasuc fibers or of muscle fibeis  \ haumatic anen
Tysm may represent a Hue aneurysmoan which at Jeast
one layer of the wall of the vessel 1s still intact, or a
false aneurysm (pulsaing hematoma) i which the
wall of the vessel as been distupted and the aneu
rysm” consists of encapsuliied hematoma  The false
aneurysm may or may not pulsate depending upon
whether the blood contuned 1n the false sac has be
come clotted or not  Poststenotic dilatation or aneu
rpm formation has been explained by Holman 4 on
a physical brsis as shown 1 Figure 40 In brief the

Fic 40 Mechani € dilatatd (after Hol

ol 1
man4s)  The eddy formation with increased lateral presure
which ocrum distal to the coustricted portlon of the artery Is
believed gradualh 10 weaken the vemel wall and produce poat
stenotle dilatauon It is powuble that some atheroickerotic
tocunmns of the lower abdominal orta are produced by a
omilar process.
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lateral force produced by eddy formation just distal
to a point of arterial constriction 1s believed grad-
ually to weaken the wall of the vessel and dilatation
eventually results It is possible that certain athero-
sclerotic aneurysms may be produced m a similar
manner A mycotic aneurysm *% 81 15 one which orig
inates on the basis of infection either within or sur-
rounding the vessel The condition 15 particularly
likely to occur in patients who have had leftsided
endocaiditis % In a collected series of 382 mycotic
aneurysms m 217 pauents, Stengel and Wolferth ™
described aneurysms of intravascular septic origin as
being due to (a) those developing from infected em-
bolt which lodge in the vessel lumen o1 in the vasa
vasorum, (b) those due to the deposition ol muicro
organisms directly on the mtima of the vessel or
the vasa vasorum and (c) those caused by extension
of infection from the aortic or pulmonic valves, in
which case the proximal portions of the aorta and
pulmonary artery respectively are mvolved

A dissecting aneurysm 1s one 1 which the contintt
ity of the intima 1s disrupted and the force of the
blood dissects an intramural channel These lesions
most often develop in the proximal portion of the
aorta A torn atherosclerotic plaque may be found
at the origin of the delect, and at times the mnfd
mural channel may rupture back into the main chan-
nel of the aorta below The term a1tertovenous anet
rysm 1s really a misnomer, unless there 15 an arteral
aneurysm piesent in addition to the simple arterio
venous fistula—which frequently 1s the case
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Signs and Symptoms of Aneurysms

Aneurysms may gnhe rise to symptoms and ug
which mumic a great many different disease processt
The clinical findings produced by an ancurysm w
of counsc depend upon its locavion and suiz¢ jeltu
w the region of the body tn which it arises In ge
eral the symptoms produced by an ancurysm are d
to the compression of surrounding structures. /'
aneurysm of the wmferior thyrord artery may encron
upon the recurtent laryngeal nerve to produce hoar
ness. 3 Those of the arch of the aorta or the adjace
great vessels may compress the trachea or bronchus
produce cough or dyspner hoarseness may result Irc
paralysis of the recurrent laryngeal nerve dysphag
from compression of the esophagus or pam from o
sion of bony structures  Compression of the phrer
nerve can paalyze the hemudiaphragm on the
volved side  And of course the larger ancurys
may suddenly rupture and permit hemorrhage whi
may or may not be immediately fatal

Abdominal aneurysms are ey o detect in thin :
dividuals but 1n abese subjects they frequently :
not diagnosed untl rupture has occurred  The pa
which the patient had prior to rupture may have be
attnibuted to 1ntestinal obstruction (for which explo
tory Iaparotomy had been negative) or to arthritis
the spine, or to a ureteral stone with pain radiati
down into the scrotum 1n the presence of a leaki
aneurysm  We have operated {or ruptured abdomur
aortic aneurysm when more than one previous laj
Totomy for attachs of abdominal parn had reveal
no pathology  Our pathologist subsequently report
that study of the resected Aneurysm revealed that
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several different times in the past 1t had leaked into
the retroperitoneal space and then sealed off As a
further example of how confusing the symptoms and
signs caused by a ruptured abdominal aneurysm can
be, a patient was admitted to our urology service be-
cause of pain 1adiating [rom the left flank down into
the scrotum Only when he went mnto shock some
days following hospitalization and a mass abruptly
became palpable in the lower abdomen was the cor-
rect diagnosis made Prompt surgical intervention
resulted 1n successful resection of a large aneurysm
with homografting 1n this obese man Other complr
cations of abdominal aneurysms have included rup
ture mto the alimentary tract with masstve G.I bleed-
Ing,*% rupture into the ifertor vena cava with the
creation of an aorto-caval fistula,?+38 and severe €ro
sion of the spme

In view of the increasing incidence of aneurysms 1
our aging population,® the possibility of such a 1e‘510n
should be considered 1n any patient with unexplained
abdomunal or thoracic pain (Table 2)

The history and physical examination will usually
disclose aneurysms of the neck, extiemities, and lowe!
abdomen Those situated i the thorax, howevel
must usually be diagnosed with x-ray The possbil-
ity of aneurysm should be considered 1n the differen-
tial diagnosis of most mediastinal masses EV:?" (;
paraspinal “tumor” may represent an aneurysm,®* an
the vascular nature of the mass 15 usually best 50’7"
firmed with appropriate angiography Howevcl, “lc
have considerably reduced the [requency with which
we use arteriography for the demonstiation of ﬂﬂc‘]'
rysms that are otherwise obviously piesent The put
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Diagnostic Measures

1ABt1 _. Some Sgns and Symptoms of lortic Ineurysms

\ Thoracic Aneurysms

Hoanseness due to recuttent lanngeal nenc comptes
slon

Dyspnea and cough due to tracheobronchial compres-
son

Dysphagra due to esophiageal compression

Pain due to contpression and erovion of bone

Venous distention (¢ £ superior vena eanval sindrome)
due to compression of the great veins.

12

[ZRR )

B Abdomtinal Ancurysns
1 Pain

a May occur in back due to erosion of the vertcbrae

b May srmulate otlier lesions such as pancreatitis m
testinal obstruction or penetrating peptic ulcer

¢ \May radiate from left flank into scrotum if ancu
rymm ruptures with left retropenitoneal hematoma

d. Intermuttent claudication of legs il aneurysm be
comes filled wath clot.

€. May rupture into alimentary tract.

Pulsating Mass

Laboratory and clinical evidence of massive hemor

thage 1n absence of hemateniesss mclena hemoptysis

or hemothorax

re

-

tating mass 13 exposed and after control of the rtery
proximally and distally has been achieved the aneu
rysm tuself 15 attacked 1n whateser manner seems most
appropriate  Actually the confirmation of an aneu
Iy'm is not usually difficult once the possibility has
been suspected  ‘1hose of the aortic arch are best
demonstrated with an angiocardiogram  Thus 15 also
true for the descending aorta wn many instances
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Aneurysms of the abdominal aoita aie 1eacily dem
onstiated by means ol an aortogiram, 1l this 1s neces
saty Petrhaps the most common use of an aoitogiam
m this mstance 15 to 1denuly the level of the ancu
rysm, that 1s, to deternmune whether o1 not 1t extends
above the visceral aiterles—ienal, superior mesenteric
and celiac At other times one needs to exclude par
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Ite 41  Ancurysm of the abdominal aorta A"C"lr)f‘l'l']‘l: ((;c
often be visuahized roentgenologically because of ca C‘l o e
posits 1 the wall of the vessel In this latcral \llc‘ 0 out
abdomen the calcified wall of the ancurysm Wwds ]L Ctﬂ'][)lmw‘
lined  The P \ view frequently 1s cqually helpful, ')u o‘bscurUl
the calafic deposits overhie the spme and arc thereby
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tial occlusion of weakly pulsaung [emoral arteries
duistal to the ancurysm  Frequently tle aneurysm it
self can be readily visualized by means of plam P\
and lateral films of the abdomen due to calaum depo-
sttion 1n the wall of the aorta (Fig 1)

Prognosis Without Surgery

The ultimnte fate of the pauent with a Inrge aneu
rysm of a major artery is about as poor as that of the
pattent with a Jughly mahgnant tumor which cannot
be completely excised  Both lesions will usually prove
fatal  In a study of 633 cases of saccular anenrysms
of the thoracsic aorta hampmercr *#* found that the
average duration of Itfe after the onset of svinptoms
was lews than one year  Tu 1 sumilar study of 78 cases
of aneurysm of the abdominal norta he found that
the majortty had died within six months of the onset
of symptoms usually due to rupture of the aneu
rysm* The prognows of pattents with aneurysms of
the abdominal aortn however 1s somewhat better
than that ssocated with ancurysms of the thoracic
aorta  Estes »* studied 102 cases and found that one
third of the patients nith ancurysms of the abdom
nal aorta died within a year after the diagnosis was
establshed mostly from rupture of the aneurysm
He concluded that only 10 per cent of these patients
at the age of 65 years had a normal life expectancy
Ghedman Ayers and Vestal® studied the necropsy
reports of 96 anewrysms of the aotta 1lac nd other

abdominal branches  1lie swvnnal tne appeared to

comade with other necropsy studies  Tharty per cent
of the patients were dead witlun one month of symp-
toms 75 per cent were dead witlun six months and 80
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per cent weie dead in less than one yean The su
vival rate i this group 1s much lower than n the
group of patients in which an aneurysm 1s found
incidentally These workers noted that patients with
a syphilitic abdominal anewiysm fiequently had a
second aortic aneurysm (64 per cent of 14 patients)
Forty-mine per cent of the patients with abdominal
aneurysms died fiom a vasculai 1uptwme Only 4 per
cent of patients with anewmysms died ftom a disease
which was appaiently entnely unielated to then aneu
rysms or its underlying cause. Seventy-two per cent
of all aneurysms 7 cm or more n diameter were rup
tured On the other hand, less than 18 per cent of
the aneurysms less than 7 cn 1n diameter were 1up
tured Hypertension was piesent mn 47 per cent ol
the patients with aiteriosclerotic aneurysms, and 35
per cent showed definite evidence of previous myo
cardial mfarction  Colt 2 also found that 1upture of
the aneurysm was the most common cause of death 1
individuals with these lesions

The prognosis associated with aiterial aneurysms
involving peiipheral arteries 1s of couise better than
those 1nvolving the aorta, duc to the gieater poss!
bility ol successful suigical inteivention should the
aneulrysm ruptuire  Nevertheless, one can look upon
most aneutysms as potentially fatal lesions, lor i suc
cessful surgery cannot be perfoimed the patient may
well lose his life  Exceptions to this are rcprescnlCd
by aneurysms completely filled with thrombus, Jeading
to distal i1schemia but not to exsanguinaling hemo
rhage

Thus the indications for suirgery are compice
and relatively few contraindications will be

hensive
found
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other than cutically impancd general health due to
brain heart, kidney Inver or other disetse And even
i these arcumstances ndditional experience with
the resection of aneurysms of the lower abdomunal
aorta has rendered the morbidity and mortality rrte
sufficiently low that most pauents m even fur physi
@l condition can sunvive the procedure

General Principles of Surgical Attack
Upon Aneurysms

The successful approach to resection nd grafung
of ancurysms 1s accomplished by careful adherence to
2 relauvely few wellestablished surgical principles
Fist  preparatons for adequate blood replicement
must be made There must be avatlble enough com
patble blood to meet any conungency which might
be occasioned by rapid and massne hemorihage
When the aneurysm 1s located 1n an extremity one
@n by the use of tourmquets nd presstue virtually
always prevent exsanguination  When the aneurysm
wvolves the thoracic or upper 1bdonunal aorta how
ever there may be sudden hemorrhage prior to suc
cessful control of the aort above and below the level
of the aneurysm and one must always have available
at least two venous routes for the rapid infusion of
blood. Second there must be adequate exposure al
the field.  The shin masion should extend at lewst
from one end of the aneurysm to the other Thurd
tapes should be passed mound the artery both above
and below the mass prior to any attack upon the anew-
m tself  One can never know when bleeding from
the aneurysm may be precipitated, and thereafter it
@n prove difficult rapidly to identity and clamp the
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artery entering and the m tery leaving the aneurysm
without 115k of Injuring adjacent vems, neives and
other stiucties It 15 casy to rdentfy and to secure
the artery at a distance above and a distance below
the anewysm, fo1 here mflammatory 1eaction occa
sioned by the anewysm 1s mimmal or absent and
Planes of cleavage have not been obscured Once
the main vessels have been secured, the patient will
not exsanguinate from bleeding 1nto the aneurysm
thiough small collateral vessels such as the ntercostal
or lumbar aiteries or collateral vessels 1n the extiemi
ties  Fourth, the assistants, inst1 uments, and aitenal
replacement prostheses available should be appropri
ate to the nature of the aneumysm which 1s to be 1¢
sected It 15 now raiely permissible to ligate majo
vessels in the 1esection of an aneurysm, for a pros
thesis should be inserted Although ligation may not
precipitate gangrene in an extremuity, 1t certainly will
not leave the patient with a normal blood flow to that
extremuty, and intermittent claudication 1s Iikely to be

present postoperatively

ANLEURYSMS AT DIFFERENT LEVELS OF
THE AORTA AND ITS BRANCHES

Now that the basic tactics of successful aneurysm
resection have been considered, the salient featurcs
of the management of aneurysms occuiring at differ-
ent levels 1n the body will be 1eviewed

The Innominate, Carotid and Subclavian Arteries

L4, 77 d
Aneurysms of the innominate,® carotid an
1
subclavian aiteries aie 1clatively common, and ot
v:‘n.
group has operated upon aneurysms at these ¥



Aneurysms 187

1ous levels  With the excepuon of tritmatic aneu
rpsms which will be discussed i Chapter 7 these
lesions arc most ficquently due to erther athero-
scleross or syplulis.  They occur more often 1n the
elderly for 1t 15 an thrs group that the ravages of
atherosclerouc vascular dise ise are the most cxtensive
The lesion usually presents as a pulsating mass which
may or m1y not be painful 1nd tender and which
cuses symptoms chiefly by pressing upon surrounding
nerves vems the esophagus or the trachca  Homse
ness 15 a not tncommon accompantment of ancurysms
situated adjacent to the thoracic inlet for at this point
the recurrent laryngeal nene m1y be compressed on
the left or as 1t passes upward from around the 1orta
and on the night 1t may be stretched where 1t pavses
around the subclwran artery  Likewsse it 1s not
1are for the patent to have a Iorners syndrome
on the tvolved side since the sympathetic chain my
be damaged by the expanding and pulsating mass
Occnuonall) the mass mnay not be pulsaung and 1t
may be mistakenly diagnosed as 1 solid tumor  This
18 due to the fact that the blood within the aneurysmal
sac has clotted Aneurysms of the mnonunate artery
may not be apparent for some ume because the
nominate dslatation must be farly Jarge to be detected
abote the thoracic mlet.  Moreover a prommnent m
nominate or Sllbda‘lﬂn nncr) may rcprcscnt tortu
outy of the vessel rather than aneurysm formation
The ongin of the mnominate artery lies almost di
tectly posterior to the manubtium of the sternum
Frequently the patent has had pam or other symp-
toms which prompted a cliest » ray revealing a mass
high i the mediastinum situated antenorly  All
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such masses should be considered to represent pos-
sible aneurysms until proved otherwise, but in our
experience the most common mass i the superior
mediastinum antertorly has been the substernal e
tension of a gorter  If no thyiord mass 1s palpable m
the neck, the chances aie increased that the antetior
superior mediastinal mass 1s vascular i nature
Other relatively common anterior mediastinal masses
are dermord cysts, pericardial cysts and thymomas,
but with the aid of chest roentgenograms and fluoros-
copy the radiologist 1s usually able to be fairly specific
regarding whether or not the mass 1s an aneurysm
Most subclavian and caiotid aneurysms are readily
available to palpation, and the diagnosis 1s not diff
cult unless the blood within the aneurysmal sac 1s
clotted These aneurysms may rupture, cOmpiess
respiratory passages, cause difficulty n swallowing
and, on occasion, interfere with the blood supply to
the brain on the involved side, distal embolization
of parts of intra-aneurysmal clot may occu
Management Satisfactory exposuie ol aneurysms
of the innominate artery and the proximal po1tions
of the subclavian aiteries 1s best achieved by a sternal
splitting incision which 1s taken mto the thnd mnter-
costal space on the involved side One then gams
control of the vessel both proximal and distal to the
aneurysm  When this has been done the extent of
the anewysm and 1its 1elationship to surrounding
sttuctures can be determined If 1t 15 a saccular de
fect with a 1elauvely shoit neck, 1t may be possible
to excse the aneurysm and to oversew 1ts basc 01 neck
Otherwise 1t must be 1esected and a gralt msc ted
The most serious physiologic consideration under
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these cnncunistnees ts the state ol the blood supply
to the lmarn during the petiod ot ocelusion * if the
aneurysm 15 to be resected nd a graft nserted  For
a ume hypothermint was employed to diminsh the
risk of cerebrl sschenua and hemiplegia during the
penod of occlusion of the cuottd flow on one side or
the other 1n the resection ol aneuryyms  Morce re
cently however there hw been a general trend to
wards the use of 1n attenial by pass of same type  Such
shunts have been employed to extend around the
aneurysm and m other mstances hive been passed
through the meunysim to cvtend from below to above
it to marntam flow through the common cuoud ar
tery while the anecurysm of the mnoumunate rtery or
of the subclavian artery w1s being resceted  Of course
if the 1mnonunate artery 1s volved the shunt wall
have 10 extend from the aoita 10 the caroud artery
distally It 1s not difficult to anastomose 1 Teflon
tube etther tempotanily or permanently to the ascend
ing aorta and to the caroud artery distal to the site
of the aneuryym  In tus way flow 18 mamntained to
the mnvolved sde of the brun while the aneurysm 1s
bcmg Tesected and a prosthesis inserted By exclusion
of a porion of the wall of the aorta and a portion of
the wall of the caronrd attery distal to the aneurysm
the prosthesss can be anastomosed end tomde both
above and below with blood flow meanwhile being
preserved thiough the aoita ind both carot d arteries
Acually 1 perhaps 75 pet cent ol pauents 1t 1s
safe to clamp the common carotd artery for pethaps
30 minutes and resect an aneurysm but the facility
with which bypasses can now be constructed renders
cven a 25 per cent risk of hemiplegia too great a
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price to pay for mere convenience It has been con
clusively demonstiated that anewysms of the mnom
inate, subclavian, and common caiotid and mteinal
carotid arteries® can be successfully 1csected and
blood flow 1estored with a low mortahty 1ate if
blood flow to the brain 1s maintained by judicious
measures and by the avoidance of emboli [rom the
aneurysm to the arteries ol the bramn

In the management of aneurysms ol the subclavian
artery distal to 1ts origin {rom the innomunate on the
right, or from the ao1ta on the lelt, one need not estab
lish bypasses, for the temporaiy occlusion ol blood
flow through a vertebial aitery on one ot the other
side 1s rarely likely to 1esult in hemiplegia due to
inadequate blood flow thiough the basilar aitery to
the brain Furthermore, the collateral aiterial sup
ply to the upper extremity 1s so gieat that actual higa
tion of the subclavian artery 1s uncommonly associated
with serious after effects—though this should not be
done where it can be avoided Thus far the use of
prostheses 1n replacing segmental occlusive disease 01
aneurysms 1n the upper extremity has not been con-
spicuously success{ul, due to thiombosis of these grafts
Nevertheless, relatively little experience has heen
gamned thus far 1n 1eplacing the more distal portions
of the subclavian aitery and the axillary artery with
grafts, and furthe: experience will undoubtedly 1mm
prove the results of grafting these vessels

Little comment need be directed tonard the man-
agement of aneurysms ol the caroud artery by prehm-
mary slow occlusion with various types ol cJamps or
by double hgation of the carotd and excision of the
defective segment  These measmics weic employed
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prior to the wulabiliey of suitable materals and
technics for the construction of shunts and they are
now rapidly disappering from the surgical arma
mentanum used to treat extmcranial aneutysms

The Thoracic Aorta

The most difficult aneurysms to manage are those
ansing 10 the thoracic torta and partcularly those
molving the aotuc atch - The prinaipal reasons for
this are, fust that the Iesion 1s situated close to the
heart and second that 1t insolves arteries which sup-
ply the brain  In resecung the ancurysm one niust
protect the heart from excessive strain due to occlu
sion of the aortic outflow tract ind he must protect
the Lratn Niom 1schena Swecular aneurysms with
short neck can 1t umes be excluded exaised and the
neck oversewn 2 However relatnvely few such ancu
nysms are encountered 1nd most aortic aneurysms
must be treated by resection and grafting Numerous
pattents with aneurysms ol the entire tortic arch hne
Dow been succesfully operated upon 117 By
means of almost any desired combination of tubes
for bypassing temporarily occluded arterzes virtually
any accessible artery of signuficant size can be resected
and a graft inserted

Etology and Types of Thoracic Aneurysms
Turther Comment

Syphilitic and Atherosclerotic Aneurysms.  Although
!t was ndicated previously that an naeasing nct
dence of ancuysms ol the thoiaac aorta due to ar
teniosclerosts 13 being noted most of the reports of
Successful resections of the aoruc arch have involved
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patients whose aneurysms were most likely due to
syphilis, though doubtless with an atherosclerotic com
ponent  The serology should always be carelully
evaluated 1n any patient who has an aneurysm, and
antiluetic therapy should be administered preopeira
tively if the serology 1s positive It has been our ex
perience that syphilitic involvement of the aorta 15
likely to be extensive Fuitheirmore, 1t 15 not uncom
mon for aneurysms nvolving the thoracic aoita to be
multiple That 1s, there may be general ancuysmal
dilatation of the aorta from the heart all the way to
the diaphragm, or there may he separate aneurysmal
bulges at different levels Neveitheless, many ancu
1ysms are localized 1 a 1elauvely short segment of
the aoita, and these can be excsed using the pump
oxygenator or suitable bypass shunts on a temporary
o1 peimanent basis

Cystic Medial Necrosis Including Marfan’s Syndrome.
The 1mportance of Erdheim’s cystic medionecrosts =
in the genesis of aneurysms of the thoracic aorta has
been emphasized by Bahnson and Nelson’ This
pathologic condition has been demonstrated 1m pa
tients with dissecting aneurysms, 1 those with spon
tancous r1uptuie of the aorta,*? to a shght degrec in
“normal” aoitas,® and 1n cases ol Maifan's syn
diome 48 In fact, 1t 1s one of the major [eaturcs
ol Marfan’s syndrome,*® in which patients also ¢»-
hibit arachnodactyly, dislocated lenses, and 2 general
1zed defect 1n the ground substance

Cystic medial necrosis may be an cspeaally pron
nent cause of aortic aneurysms i young and middle
aged subjects A paiucular feature of such aneurysms
when they occur 1 the ascending aorta 1s aortic 1M
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suicieney duc to dilataion of the aortn just distal to
the valie  In some panents with this condition the
aortc cusps ue essentlly normal and when the
anemysm 13 1csected md the nonnnl dinmeter of the
proximal aorta restored competency of the aortic
valve may also be restored

Thoracic Aneurysms Due to Trauma Trauma due
to penetrating or blunt injuries 1s an important cause
of aneurysms of the thoracic aorta  These will be
discussed 1 more detul Inter (p 939) but 1t should
be noted here that gunshot wounds knmife 1njunes
and even blunt trauma i the rapudly deceleinting
automobile or anplane ncadent cin result 1 pulsat
tng hematomas of the thorac vorta Futthennore
occasionally a suture line may bleed s following 1e
secuon ol a coarctation of the aorta and here too an
aneurysm may form which can at tumes be successfully
resected with a second nnastomosts of the aorta &

Tieatment of Ineurysms of the Thoracic doita

The prinaples pieviously outlined for the manage
ment of aneurysins 1 general apply equally well to
the management of ancurysms of the aortic arch and
the descending thoracic aorta  Again one must avoid
arculatory overload upon the heart due to prolonged
ocdusion of the ascending aorta or the aortic arch
If this 1 not done heart farlure will mpidly ensue
In fact, during resection of coarctation of the aorta
Wmated at or just below the level of the ongin of
the left subclavian artery the heart will occasionally
become dilated if the occlusion ume 15 prolonged  this
b epeaally likely to occur if there was significant
blood flow through the coarcted segment prior to
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cross-c]ampmg of the aoita Nevertheless, most pa
tents can withstand occlusion of the coaicted 401 La
even above the level of the left subclavian ditery up
to 30 minutes, and ol coulse they can 1eadily with
stand occlusion of the aoita below the o1 igm of the
left subclavian aitery 1f the stenosis of the aoita at
the level of the coarctation has been virtually com-
plete  The reason for this 1s that the patient has
established collateral circulation thioughout s lile
However, 1t should be borne m mind that a consid-
erable amount of collateral circulation is nterrupted
as the muscles of the chest wall are incised 1n peiform-
ing thorlacotomy Moreover, 1t 15 often necessary to
divide one or two large intercostal aiteries to achieve
sufficient €xposure to permit 1esection of the co
arcted segment with end-to-end anastomosis And 1
addition to the sacrifice of the collateral circulation
and the intercostals at the aoita, one may find that
a considerable volume of blood has been flowing
through the coarcted portion of the aoita, this pos-
sibility is rendered even moie Iikely by the absence
of rb notching n older patients and the absence of
dilatation of the inteicostal arterses In such sub-
jects the risk of excessive cardiac stramn and spindl
cord damage during aortic occlusion should be borne
in mind and the period of aortic occlusion should be
minimized  Some surgeons have employed hypo
thermia ! (o reduce the risk of ao1tic occlusion, while
others have employed a bypass gialt Nevertheless,
nelther Of thCSC plO[CCUVC [CC]]D]CS 15 lcqlurcd [0!‘
successful resection of coarctation of the aorta 1 most
patients In contrast, it 1s absolutely essential that
the ascending and proximal arch of the aoita not be
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acluded for more than 1« imnute or so m the couise
of resection of an anewvsim of the vch unless enther
the pump onygenator o1 tube bypiss 18 used  Candia
averload was 1 cuse of fulwie i ewrly attempts 1t
1esecuion of ancurysms of the ad in addition to the
fact that cercbral fschemit often resulted  More 1e
cently erther the pump oxygenator 1 the cise of
aneurysms of the ascending poruon of the aortic
arch ¢ and vanous types of bypass shunts™ in the
case of ancurysms mvohving the arch wath 1ts vessels
to the brain have been employed successfully both to
avoid cardiac overload and to conunuc adequate ovy
genation of the brain during the period of aortic oc

it 42, Aneuryem of the distal aortic arch  The symptoms
produced by most unruptured ancuryems are due to compression
of sarrounding structures. Left  The trachen fs scen to be dis
Placed to the right by the large s philitic arterosclerotic aneu
THm of the disal porton of the arth of the aorta. The patient
had experienced {ncreasing dyspnea. Right The esophagus is
thown 1o be displaced to the right and posteriorly
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I'ic 43 Bypass prosthests The ancurysm of the aortic arch
shown 1n Figure 40 has been resected following the prelimnary
1nsertion of a temporary-permanent Teflon bypass extending
from the ascending aorta to the descending thoracic aorta below
the level of the ancurysm Clamps were applied to the aorta
immediately proammal and distal to the ancurysm, the defect
was exased and the ends of the aorta were oversewn The It
subclavian artery was the only major artery ansing from the
arch which was involved by the ancurysm

clusion required for resection and grafting Ancu

rysms of the descending portion of the arch and below
(Fig 42), can readily be excised, since one can place a
bypass prosthesis from the ascending aorta to a potnt
below the aneurysm 1n the descending thoracic aorti
(Fig 48) One can then either sert a prosthests n
replacement of the resected portion of the aorta, or
he can clect to close the proximal and distal stumps
of the aorta, leaving the temporary-permanent bypass
graft as the channel of flow from the ascending anrtd
to the descending thoracic aorta (Fig 1)

In summary, aneurysms ol the ascending aorta must
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be managed by means of the pump oxygenator to pre
vent cardiac overload and to oxygenate the bLrain
while the aneurysm of the ascending aorta 1s being
resecied  The blood 15 removed from the night atrium
or the vena cava 1nd 1s returned to the aortic system

Lt common corotd orkery

Permarent graft

Tic. 44 The major steps used [n the total resection of the
zortuc arch are depicted  Fimt 2 temporary bypam is placed to
avold excemive back prewute upon the heart and to continue
aiterfal Bow to the brain and the distal portion of the aorta
Aext the ancuiysmi is resccted and a permanent graft is inserted
The temporary bypas is then removed. At tnrea the temporary
g7t may be left m a permanent bypam, the ends of the aoita
being oversewn following exclaton of the aneurysm.
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by means of a catheter introduced through a [emoral
artery into the lower abdominal aoita If the ancu
rysm of the ascending aorta also involves the vessels
of the arch, one must use not only the pump ox
genator but also some type of bypass to permit blood
flow to the brain during the period when the sites of
origin of these vessels from the aneurysm must be oc
cluded This is done by anastomosing the shunt fiom
the distal portion of the aoitic arch to a point on the
carotid arteries which 1s distal to the site at which one
wishes to occlude them at then origin from the aneu
rysmal mass An important point in the resection of
thoracic aneurysms 1s that of avoiding njury to the
phrenic nerves, for pulmonary ventilation i these
older patients 1s often a major problem n the post
operative period Too, since wide thoracic mcisions
have been made, often including median sternotomy
and a trans-sternal component, the diaphragmatic por-
tion of the respiratory effort 1s very important
Saccular vs Fusiform Aneurysms Further commcnt
should be accorded the possibility of management of
saccular aneurysms of the thoracic aorta by the simple
expedient of cross-clamping the base of the ancurysm
adjacent to the aorta and then closing the aorta at
this point with resection of the aneurysm This 15 2
genunely feasible proceduie 1n some patients Un
fortunately it does not occur as often as onc might
wish, but 1t does avoid the extensive procedures of
using the pump oxygenator and a vauety of bypass
shunts which are 1equned fiequently for the rescction
of fusiform ancurysms of the prosmnal dorta Bahn
son 2 " was one of the first to 1eport an unusitally st

cessful group of pauents treated m this way It bas
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since been used by many surgeons on mny occsions
and 1t has been used by us One should emphasize
that the aort and the mtenes generally me uanthy
affected by atherasclerosts ot the presence of meutysun
and a palliatve type of suigery s all that 15 possible
i many cases  Therelore there 1s every justification
for the exclusion and exasion of an aneurysm by lat
eral aortorrhaphy when the opportunity for thus pre
sents as 1t infrequently does

Dissecting Aneurysms

Unul very recently the dissecting aneurysms of the
aorta, usually arising 1n the nscending poruon of the
arch or just distal to this point, were considered to
represent hopeless situations ¢! # Vartous sporadic
reports of operatnve attempts to amehorate the con
dition had been published but i1t was not untl the
report of DeBakey Cooley and Creech  that a gen
umnely effective and planned attack upon these dis-
tressing lestons was presented 1nd executed (Fig 45)
It was pomnted out that unlike the saccular and
fustform aneurysms for which excisional therapy 1s
readily feasible, dissecting aneurysms of the aorta
constitute a quute different problem 3 First the dis-
secting ancurysm 1s not often sufficcently well localized
to permut the defimitive application of excston and
grafung  Second the dissecting aneurysm  usually
arses 1n the proximal aorta 1n the regron of the zortic
arch and most often 1 the ascending aorta’™ The
condition 1s fatal 1n the majonty of cases frequently
within 24 hours of the onset of pain  In his analysis
of 143 collected cases Shennan ™ found that death oc
curred within 24 hours m 58 per cent and 1n one day
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Tic 45 A dissccung ancurysin of the aorta 15 pmduccd when
the bload to dis

disruption of the mmtuna perimts the foice of
sect itramurally, usually begmmng in the arch At nmes @
when the hlood

continuous double-lumen flow 1s produced

stream ruptures back into thce main aortic channel below l\\;)

princpal mcthods of surgical treatment have been (lk;l;uz
1 ddu

and dose the mtramur.

Iirst, one can divide the qaorta
the wall of the

distally, rcturming the blood flowing through
proxunal aorta to the mam atortx Jumen  Sceond, one 1
dlect to ryescct a portion of the imvolved aorta and ntapest
a graft  Inasmuch as the prognosis 1s ovtcmcly poor without
surgical micnention, operatine attack 1s andheated o most cases
where the diagnosis can be established wath 1e ronable certanty
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to one week 1 26 per cent  In the cases recorded by
Wenss hinney and Maher ** only 10 per cent survived
for a nignificant length of ume. Levinson Edmeades
and Gnffith ** found that 36 per cent of their patients
died within 48 hours of onset 87 per cent within three
to 60 days and only 25 per cent with the chronic or
so-called healed form of the discase sunned thice
months to eight yeas DeBakey and his associates 2
concluded that the condition 1s rapidly fatal in from
75 to 90 per cent of cases affording every Justification
for bold surgical mtervention as soon as it 1s diag
nosed

Diagnosis of Dissecting Ancurysm of the Aortz  In
our expentence the dingnosis of dissecting ancurysm
of the aorta 1s not always casy to make Character
istically the patient 1 supposed to experience an ex
cruaaung pain beneath the stermum or 1n the back
which progresses downward  However frequently
the pain does not progress downward and further
more 1t is often difficult to distunguish between a
disecting aneurysm and an acute myocardral infarc
uon  Therefore on history and physical examintion
alone onoe hesitates to performm a thoracotomy en a
patient who may not have a dissecting aneurysm of
the aorta. Fortunately certamn roentgen studies are
helpful ** ** First a widening of the aortic shadow
@n frequently be demonstrated. This is particularly
likely 1f a previous chest film 15 available to compare
with one taken following the onset of patn  Second
2 double zortic shadow may be scen on angiocard
ogiaphy * and the lumen of the main channel of the
aorta may be wrregularly constricted due to the intra
mural hematom  Very occastonally one may be able
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to demonstrate the flow of the radiopaque medium
thiough both the main channel of the aorta and
through the false itiamural channel However,
more often the medium cannot be demonstiated to
flow thiough the wall of the aoita The piesence ol
a “double shadow”—the appearance of the 1adiopaque
medium flowing thiough the main ao1tic channel and
the poition of the diameter of the aoita through
which medium 1s or 1s not flowing and which repre
sents the channel of dissection by the hematoma—is
particulaily helpful  Yet, in a number of cases a
dissecting aneurysm has been proved at operation
when 1t could be only suspected pieoperatvely, the
surgeon opened the left hemithorax o1 the 1csection
of a thoracic aneurysm and found also a dissccting
component The patient whose aotta is shown
Figuie 44 had a dissecting aneurysm as well as two
aneurysms of the aorta proximally and the dissection
had begun at the base of the morie distal ancurysm

The repoits in the literatme do not indicate how
many patients were explored who did not prove to
have a dissecing anemysm of the aoita We per
formed thoracotomy 1n one patient mn whom the at-
tending cairdiologist and 1adiologist had diagnosed 2
dissecting aneurysm, but the aorta was normal 1n cvery
way Foitunately the patient smvived

Management The successful smgical ticatment of
dissecting ancurysm of the aorta has now been 1e-
ported from a number of chmies 2 ™0 % Owm
gioup operated upon a  patient with dissecting
anemysm of the aoita (Fig 40) wlhich ])IC\CINC(] A
an expanding hematoma i the abdomen and was
thought mtially to 1epresent mpuncd abdominal
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Fie. 46 Dimett ng ancurysm of the thoradc morta At the
upper left is ahown the point of rupture of the intima =t the
distal extension of a shallow saccular aneuryam the probe in
dicating this defect 12 shown again on the right A second hut
smaller sgccular ancurysm was sltuated more proximally At
the Jower left the second ptobe lias been pasmed through the
aortic origin of the ket renal artery Indicating that the sessel
way compressed by the intraluminal bematoma this probe s
shown again in full length view of the zorta on the dght  The
patent way admitted to the hospltal with w rapldly expanding
abdominal mam. A\ disecting aneunysm beginning in the tho-
™ac aorta was muspected but laparotomy was peiformed to
ontrol the hemorthage which waa found to be adsing from
the ruptured splenic artery  Further hemorrhage did not oc
cur Dbut the padent died rather suddenly about two days later
The {ntramural dbsection extended from the gortic arch to
the external iliac arteries. (From Hardy J D Pathophyslology
in Syrgery  Baldmore Villiams and Wilking, 1958)
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aneurysm  However, at lapaiotomy 1t was cventually
discovered that the hemorihage was aising from the
celiac axis and, pay tcularly, lrom the splemc artery
The dissecuing aneutysm had dissected out along the
splenic aitery, lupturing through the adventitia, and
this was the site of the hemor hage It was assumed
that the patient did have a dissecting aneurysm which
had arisen probably in the thoracic aorta, but the pa
tent’s condition was so poor that 1t was decided sim-
Ply to ligate the splenic artery proximal and distal to
the point of hemorrhage and to divide 1t between the
higatures  Since contiol of the hemorrhage had been
accomplished, the abdomen was closed. The patient
expired two days later from no tiuly obvious cause
He did not bleed again, and he had not been oliguiic
long enough to develop a serious wemic state  The
blood pressure was markedly elevated unul very
shortly before he went nto sudden collapse and died
The use of antihypertensive diugs was considered
but was postponed, since he had previously been m
shock due to blood loss into the abdomen  Autopsy
1evealed that the dissection from the dneurysm had
begun 1n the thoracic aorta, probably on a syplilitic
basis, and had extended to the 1hacs Theie was
additon another aneurysm of the proximal thoracic
aorte above the point at which the dissection had be
gun beneath an atherosclerotic plaque

The general principles of the management of dis-
seccting ancurysm of the aorta which have been cm
ployed successfully have had m common the restors
tion of a 1clauvely normal channel of blond {1(3\\’
This had been accomphished i several ways I'he
most frequently used approach has been to divide
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the thoracic aorta distal to the ongin of the left sub-
clavian artery and to suture the intima media and
adventiua together around the crcumlerence of the
proximal end of the distal segment of the divided
aorta A window 1s then cut in the mtma above so
that the aorta proximally sull hns two channels for
blood flow the normal one and the intramural one.?
Thus 15 referred to as the [enestration procedure. In
other 1nstances an aortc homograflt has been inserted
following excasion of a segment of the thoraac aorta.
These two methods of technical management are
shown n Figure 45

Prognosis. The benefits of surgery must be evalu
ated 1n the light of the extremely serious nature of
the underlymng disease  Not Infrequently the patient
will eventually die from further intramural dissection
with or without rupture of a proximal aneurysm or
from rupture of the dissectung proximal portion of
the aorta nto the penicardium with pericardial tam
ponade **  Nevertheless the measues outlined above
represent the first definite advance n relatively effec
tine management of dusecting aneurysm of the aorta
hitherto a disease which has proved fatal 1 75 per
cent of cases within a very few days  Prompt surgical
mtenvenuon s thus indicated when the diagnosis 1s
reasonably well established

Neurologic Complications of Occlusion of
the Thoracic Aorta

It was pomnted out earhier that perhaps the two
major hazards attending occlusion of the thorade
aorta are first, the severe overload that 1t places upon
the heart which may lead to acute heart failure and,
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aneurysm However, at laparotomy 1t was eventually
discovered that the hemorrhage was ansing fiom the
celiac axis and, particularly, fiom the splem artery
The dissecting aneurysm had dissected out dalong the
splenic aitery, tupturing thiough the adventitia, and
this was the site of the hemorrhage It was assumed
that the patient did have a dissecting aneurysm which
had arisen probably 1n the thoracic aorta, but the pa-
tient’s condition was so poor that 1t was decided sim
ply to ligate the splenic artery proximmal and distal to
the point of hemorihage and to divide it hetween the
higatures  Since control of the hemorrhage had been
accomplished, the abdomen was closed The patcnt
expired two days later from no truly obvious cause
He did not bleed again, and he had not been oliguric
long enough to develop a serious uremic state  The
blood pressure was markedly elevated until very
shortly before he went into sudden collapse and died
The use of antihypertensive drugs was considered
but was postponed, since he had previously been
shock due to blood loss into the abdomen Autopsy
1evealed that the dissection from the ancurysm had
begun in the thoracic aorta, probably on a syphiliic
basis, and had extended to the iliacs Thete was n
addition another aneurysm of the proximal thoracic
aorta above the point at which the dissection had be-
gun beneath an atherosclerouc plaque

The general praples of the management of dis
sccting ancurysm of the aota which have been em
ployed successfully have had in common the 1cstord-
ton of a relauvely normal channel of blood f}"“
This had been accomplished 1n several ways l.“"
most frequently used approach has been to divide
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the subclavian artety nd pracedues including higa
tion of the lower thoracic mtercostal vessels are likely
to cause spinal cord damage The reason temporary
occlusion of the aorta below the subclavian artery 15
followed by 1schemuc changes n one indnidual and
not 1 another is explained by the extreme differences
that are possible in the segmental pattern of the spinal
cord blood supply

Even with the use of hypothermia tube shunts or
extracorporeal bypass aortic surgery may sull cause
spinal cord damage when the lower imtercostals are
occluded as in the resection of an cxtensive aneurysm
of the thoracic aorta  The danger of 1schemic cord
mjury during resection of coarctation of the norta
when the collateral arculauon 1s not well established
or o the presence of a patent ductus entering the
aorta below the level of the coarctation or when there
18 a considerable flow of blood through the narrowed
but not obliterated channel at the Ievel of the coarcta
tton was mentioned previously In fact 1t accounted
for 11 of the 24 instances of spinal cord 1schemia re
ported by the above authors  The young individual
1s somewhat protected agamnst spinal cord damage by
his greater resistance to anoxemia and better poten
talities of collateral circulation because of relatively
larger spinal vessels The vessels of the elderly person
are atherosclerouc and thus there may be narrowing
or even occlusion of some of the intercostal or sull
smaller arteries along the spinal cord itself

Neurologic complicauons after aortic surgery may
also be caused by 1schemia of the peripheral nerves
to the lower extremites as well as resulting from pro-
longed occlusion of the infrarenal aorta. The mech
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second, the danger of neurologic damage Occlusion
of the aoitic aich proximal to the origin of the great
vessels which supply the brain cannot be tolerated
without the use of a pump oxygenator or a bypass
shunt from the piroximal ascending aoita to the caro-
tid arteries both to supply the bram with blood and
to take the load off the heait On the other hand,
the heart usually can toleiate for a time c1oss-clamping
of the thoracic aoita distal to the ougm of the left
subclavian artery or even pioximal to this pomnt—
and of course the biam 1s well suppled with blood
whenever the aorta 1s clamped distal to the carotid
arteries Therefore the paiticular hazard of clamping
the thoracic aoita distal to the origin of the mnom-
mate and left common caiotid arterses 1s that of
ischemic damage to the spinal coid Vaiious time
limitations have been suggested by different authors
during which total occlusion without bypass around
the point of occlusion of the thoracic aorta canl be
safely imposed In a recent ieport it was suggested
that 18 minutes or less 1s probably the safe limit which
can be tolerated by most patients? On the other
hand, occlusion of the thoracic aorta for as long as
an hour in the course of resection of aneurysms has
been tolerated by some subjects with only mild pares
thesias in the legs which cleared up within 2 week or
so Adams and van Geertruyden® repoited 24 1n-
stances of ischemia of the spinal cord associated with
surgery involving the thoracic aorta—ll after opera
tion for coarctation, seven after ao1tic resection and
six after temporary occlusion of the aoita for oné
reason o1 another Then conclusions were as follows
only temporary occlusion of the thoracic aorta below
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anism of this may be similar to that of spmal cord
1schemia, but usually there 1s evidence of pepheal
circulatory deficiency as well  Actually, most sur
geons have found that the aorta may be clamped be
low the level of the renal arteries for at least an hour
without producing nerve damage except n the rare
pauent In many instances, particularly in the pics
ence of 1uptured aneurysm of the abdominal aoita,
the clamps have been left on the aorta for three o
four hours without permanent damage, though this
has 1esulted 1n temporary weakness 1n the legs The
period of unreheved arterial occlusion should always
be minimized by careful planning and expeditious
surgery

The Thoraco-abdominal Aorta and
Its Visceral Branches

Thoraco-abdominal Aortic Aneurysms The suc
cessful resection of thoraco-abdominal aneurysms
with grafting has been a technical feat scarcely less
mmpressive than that of resection of aneurysms of }lxe
aortic arch For 1n the case of the former the celiaG
superior mesenteric, and renal arteries may all have
to be dealt with 8

Much has been learned in recent yeais regardmg
the length of ume which the arterial supply to the
liver, bowel, and kidney aiteres can be intennupted
without 1rieveisible changes 1n these essential viscerd
Happily, in a limited number of cases aneurysms
involving all these vessels have been successfully re-
sected and a gralt inserted (Fig 47) In general the
tactic empioyed has been to use a system of temporall'y
or permanent bypass shunts to afford blood supply
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to the viscera while the anastomnoses of the graft to
be 1nserted were accomplished In other instances
blood flow has been permitted to continue through
the aneurysm while visceral artertes were anastomosed
to a prosthests through which arterial blood was flow

Superior mesenteric

Renal arterles” mesanteric

\
\/ Iru;lnlon Resection c:" -
m?p%:g]on o'} graft

Fic. 47  Ancunyams involsing the entire abdominal aorta and
its sisceral arteries have now been resected muccessfully By care
fol planning the length of time the arterlal blood flow to indl
‘vidual organs is occluded can be reduced to Hmits which are
utbfactorly tolerated The kidneys withstand inflow ocelu
ton lesm readily than do the bowel and the viscera supplied
by the cellac ads. The {ncsion shown ia the insct woukl be
Atended to the symphyais publs {f the lower portion of the
abdominal sorts were found to be {nvolved
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amsm of this may be similar to that of spmal cod
1schemia, but usually there is evidence ol petipheral
arculatory deficiency as well  Actually, most su
geons have found that the aorta may be clamped be
low the level of the renal arteries for at least an hour
without producing nerve damage except 1n the rare
patient In many instances, partlcularly in the pics
ence of ruptured aneurysm of the abdominal aort,
the clamps have been left on the aorta for three or
four hours without permanent damage, though this
has resulted 1n temporary weakness 1n the legs The
period of unrelieved arterial occlusion should always
be mimmized by careful planning and expeditious
surgery

The Thoraco-abdominal Aorta and
Its Visceral Branches

Thoraco-abdominal Aortic Aneurysms The suc
cessful resection of thoraco-abdominal aneurysms 23,20
with grafting has been a technical feat scarcely less
mmpressive than that of resection of aneurysms ol the
aortic arch  For 1n the case of the former the celiac,
superior mesenteric, and renal arteries may all have
to be dealt with 18

Much has been learned in recent years regarding
the length of time which the arterial supply to the
Iiver, bowel, and kidney arteries can be mtcnupwd
without 1irreversible changes in these essential viscera
Happily, in a limited number ol cases aneurysms
involving all these vessels have been successfully ré
sected and a gralt mnserted (Fig 47) In general the
tactic empioyed has been to use a system of temporary
or permanent bypass shunts to afford blood supply
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to the viscera while the anastomoses of the graft to
be mnserted were accomplished. In other instances
blood flon has been permitted to continue through
the aneurysm whtle visceral arteries were anastomosed
to a prosthesis through which arteril blood was flow

Renal arterles ¢ mesenteric
Resection of

artery
\ —
A
/\ <
| Incision )
T

Tic. 47  Ancuryoms imvohing the entire alxlominal aorta and
ity visceral arteries have now been resected nrccemsfully By aate
ful planning the length of time the arterial blood flow to indi
vidual organs is occluded can be reduced to limits which are
satifactorily tolerated  The Lidneys withstand inflow occlu
500 lew readiy than do the bowel and the viscera supplied
by the celiac axls  The incidon shown in the inset would be
extended to the symphysis publs if the lower portion of the
abdominal merta were found to be involved
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Ing  Wheieas the procedure might be considered
formidable and truly 1s, 1t can be performed by pains
taking and methodical surgery We resected an aneu-
Tysm 1nvolving all these vessels in one patient The
anastomoses were all successfully completed with the
use of an aortic homograft on which the renal arteries,
superior mesenteric arteries, and the celiac axis had
been left long when the aorta was taken at autopsy
In this patient the ancurysm was resected in stages,
blood flow to 1individual viscera being interrupted for
only a few minutes as the anastomoses of the graft to
visceral arteries were successively performed Unfor-
tunately the patient died 1n the postoperative period,
apparently from cardiac failure The procedure had
taken almost nine hours, and a large volume of blood
loss had been replaced However, on the basis of the
experience gained with this case we shall unquestion-
ably shorten the operating time in the future, and
certainly the blood loss can be reduced

DeBakey, Creech and Morris 23 reported resection
of four such extensive thoraco-abdominal aneurysms
of the aorta In all of these cases the aneurysm ex-
tended from the lower descending thoracic aorta to
the lower abdominal aorta and involved the celiac,
SUperior mesenteric, and one or both renal arteries,
as was the situation in our case mentioned above
They emphasized that the most mmportant considera-
tion 1n the extirpation of this type of aneurysm 1s the
possibility of ischemic damage to such vital organs as
the kidney, Iiver and gastro-intestinal tract as a con-
sequence of temporary arrest of circulation to thesc
organs during resection of the aneurysm  Hypo
thermia has been employed by some suigeons, but
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the use of various types ol temporuy or permanent
bypass shunts 1s preferred  In our own experience
as 1n that of DeBakey and hus ssoaates, the wse of
hypotherma has preseated certain problems winch
cn be avorded by the use of bypass shuats for pre
servng adequate blood flow to sudh structuies s the
brain spinal cord and the cssentral abdominal vis-
cern  Three of the four cases reported by DeBakey
and his assocrates Ined  The period ol occlusion of
the renal arteries ranged from 15 to 46 minutes
Senal 1enal function studies 1 these cases revealed
a charactersstic pattern of depiession of function as
reflected 1n an anerease 1 the blood urea nitrogen
level and a sigmificant reduction 1n renal bleod flow
and glomerular filtrition rate during the first four or
five days after operation wath a progicssive return to
normal during the subsequent ten days to two weeks
The period of occlusion of the celiac artery in these
cases ranged from 44 to 116 minutes but studies o}
hepatic function 1evealed no significant alterations.
The period of arrest of the arculttion through the
superior mesenteric artery varied from 86 to 102 min
utes and no significant disturbances in gastro-intestinal
function were observed  Subsequently Lillehei and
his associates *¢ demonstrated that in dogs the intestine
an be successfully homografted and that frequently
the period of occlusion of the vascular flow through
the 1ntestine to be autografted or homografted can
be extended to many hours 1f the intestine 1s cooled
In other words the tolerance of the Iiver and the
bowel for inflow artenal occusion 1s considerably
greater than had previously been realized  Lillehes
and hus amociates found that the majority of adult
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mongrel dogs tolerated up to 85 hours of superior
mesenteric arterial occlusion if the collateral crcu
lation to the small bowel was not disturbed If all
collateral circulation to the bowel was occluded as
well, most dogs died following a 3 to 8 5 hour occlu-
sion of the superior mesenteric artery Interruption
of all crculation through the small bowel for two
hours was tolerated 1f the bowel was first allowed to
cool to room temperature If the bowel was cooled
to 5° C, then 1t was safe to interrupt all crculation
to the small bowel for at least five hours, with subse-
quent survival of the bowel No external cooling of
the bowel removed from the animal was 1equired if
1t was returned to the peritoneal cavity and circula
tion restored within two hours An interesting by
product of these studies was the observation that
division of all connections with the central nervous
and lymphatic systems was tolerated It was found
that lymphatic connections regenerated within a pe
riod of days

It 1s apparent that the abdominal viscera can ust
ally survive temporary periods of occlusion of blood
flow up to one hour with the partial exception of the
kidney Actually, 1t has been pointed out that per
manent interruption of the celiac blood flow can be
survived and that at times even acute mterruption of
blood flow through the superior mesenteric artery by
an embolus from the heart may be survived because
of the collateral blood flow fiom the superior pan-
creatico-duodenal artery arising from a branch of the
celiac axis and from blood flow 1ecerved thiough the
inferior mesenteric artery, as well as from the retto
peritoneal collateral arteries With respect to renal



Aneurysms 213

arterial flow Dby suttable plinning one can i most
mstances muntun blood flow to one 1enil artary
while the astomosts of the grft to the other tenal
artery 18 being ccomphished  Thus one can often
avord complete artenal mflow occlusion to both kid
neys simultancously  kiven so 1f complete occlusion
of both renal arteries were required as a temportry
expedient because of the exigenaes of the techmeal
situation the blood flow could be re-established to
one kidney within 15 to 20 minutes and tus period
of occlusion has been found to be tolerated without
ireversible changes 1n most patents

Aneurysms of Abdominal Aorta
Visceral Branches

The Celiac Axls and Superior Mesenteric Artery
Aneurysms wnvolving the cehiac axis ' 44 ¢ and the
superior mesenteric artery * have been managed suc
cesfully  In general these cases were treated either
by actual excision of the ancurysm with ligaton of
the artery distally and proximally or by ancurysmor
thaphy  Undoubtedly exasional therapy with by
pass graft will be substtuted for simple higation and
excision 1n the future Perhaps this has been done
already but such reports have not come to our atten
fion  Despite the serious risk of hepatic or intestinal
uchemia following excusion of the patent aneurysm
wvolving the major blood flow to these viscera it has
been pointed out above that In some cases this will
be tolerated  Aneurysms of the hepauc artery have
led to bleeding into the common bile duct and have
been a source of massive hemorrhage into the alt
mentary tract ¢
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Aneurysms of the Renal Artery Ancurysms mvolv
ing the renal aitery were considered in discussing
aneurysms of the thoraco-abdominal aorta The renal
arteries aire involved [rom time to time erther by 1s0
lated aneurysms, perhaps in association with post
stenotic dilatation 1n a case of renal ischemia due to
renal arterial occlusive disease, or 1n association with
a generalized aneurysmal enlargement of that portion
of the aorta from which they arise In general renal
blood flow must be restored by means of a graft fol
lowing resection of the aneurysm Again, as has been
emphasized 1n discussing the various diseases of the
aorta, the surgeon must be mentally piepared to deal
with whatever specific variation 1n the underlying
basic diseases of occlusion or aneurysm formation 1s
discovered at the time of swmgery It scarcely need be
mentioned that a wide acquaintance with the avail-
able literature on the subject 1s of much assistance t0
the operator

The Infrarenal Aorta and the Iliac Arteries

A vast experience has been accumulated over the
past ten years in the diagnosis and technical manage-
ment of aneurysms 1 the lower abdominal ao1ta, the
most frequent site of such lesions ¥ 10 %0 *% 32, 60, 00
Hitherto an almost hopeless situation, the successful
excision and grafung of these aneurysms, first accom
plished by Dubost and his associates <% <° 11 1951, 15
now a routine operation in most majot hospitals

The prognosis ol the patient with an abdomnal
aortic aneurysm arising below the yenal aiteries docs
deserve comment There are st1ll many patients and
physicians who temporize with aneurysms until they



Aneurysms 215

rupture  which fmmediately grewly reduces the
chances of successful resecuon of the leaking aneu
rysm and the tnsertion of a prosthess  The poor
prognosis wlnch is associated with abdominal aertic
ancurysms was documented earher in this discussion

There 1s tarely valid excuse for temponnng with
aneurysims of the abdommal verta that are of sigmfi
ant size or that nre symptomatic.

Whether or not an aneurysin 1s palpable through
the abdominal wall depends upon the swzc of the
aneurysin the degrec of obesity of the patient and
whether or not the aneurysin 1s filled with clot and
thus docs not present an cxpansile pulsauon  An
aneurysm of the "hdominal aorta 1s not mfrequently
assoaated with 1 separate one i the thorac o1t
aswell 1

Diagnosis

The diagnosis of an abdominal ancurysin can be
exceedingly easy or 1t can be most difficult In the
thin 1ndividual the appearance of a pulsating mass
m the epigastrium or 1n the region of the umbslicus
will commonly be nouced even by the patient him-
self  This usually 1s discovered long before the aneu
rysm has enlarged to the point of producing pain or
seriows threat of rupture  There 13 a common mus-
understanding that the aorta bifurcates at about the
level of the symphysis pubis which 1s of course er
roneous The bifurcatton of the aorta 1s at approxa
mately the level of the umbilicus Therefore when
one palpates an aneurysm at this level it 1s situated
at the terminanon of the aorta and may and fre
quently does 1nvolve one or both iliac arteries  Just
as the diagnosus of an aneurysm 1 made earlier 1n the
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thin individual, so 1s resection of the aneurysm with
the nsertion of a synthetic prosthesis far more easily
accomplished 1n the thin than 1n the obese subject

In contrast to the ease with which the infrarenal
40TtiC aneurysm can usually be diagnosed 1n the thin
person, the aortic aneurysm 1n the obese subject may
actually go on to the point of rupture prior to 1ts
discovery During recent years we have operated
upon obese patients for ruptured aneurysm who had
been explored previously for abdominal pain inter-
preted as bemg due to intestinal obstruction In
other instances the patient was thought to have a renal
or ureteral calculus, since leakage from the aneurysm
had resulted 1n hematoma formation n the left retro-
peritoneal space which caused pain to radiate from
the left flank 1nto the genital region on that side In
still other 1nstances the patient has been considered
to have arthritis of the spine, with or without radio
logically apparent erosion of the spine It 1s particu-
larly difficult to arrive at the diagnosis of erosion of
the spine by an aneurysm when there 1s no calcifica-
tion 1n the wall of the aneurysm and when there 15
demineralization of the spine not only in the Jumbar
area but also 1n the thoracic area At other times we
have unexpectedly encountered an aneurysm 1n an
obese person when the abdominal exploration had
been performed for i1schemic changes 1n the legs, com-
plete occlusion of the aneurysm by thrombus had
occurred and the patient presented the findings of
Leriche’s syndrome  Aortic aneurysm may rupture
mto the alimentary tiact, or into the vena cava, ol
produce retroperitoneal hemorrhage in which nfec
tion may develop and cause fever,t
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In summary any patient with abdominal pam of
undetermined ot nudeterminate origin should be con
suderedd 15 possthly havng either partinl ocelusion
of one or the other of the viscertl brwnches of the
aolta or t ancutysm

Radiologic Findings.” \When an ancurysm of the
abdomunal aorta 1s suspected 1n the majority of cases
it an be demonstrated with plamn P A and lateral
films of the abdomen (kig 41) The aneurysm wlnch
may or may not be palpable in the obese subject 13
visualized Dbecause 1s wall 1s often calafied  Fre
quently thls 18 not partculatly appatent on a P A

Tie. 48 \ortogram of a normal and of an ancurysmal lower
abdominal aorta. At the Jeft 11 shown 2 normal aortogram of
the Jower abdominal aorta performed with a limited amount of
ontrat medium for the purpose of excluding renal arterial oc
cluthe disease 1n a hypertemine young man  The poor visual
imnoo of the iliac vemscls was due to nedequate filling  On
the nght is shown an sortogram which discloses 2 fusiform
ancuryem
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film, but 1t 1s olten 1eadily visualized on the lateial
film  This calcfication 15 not always piesent, how-
cver, and at times one will wish to perform an aorto-
gram (Fig 48) to exclude aneurysm wheie the presence
of such a lesion 15 uncertain In this way the patient
may be spared an unnecessary lapaiotomy On the
other hand, if one can palpate an aneurysm in the
lower portion of the aorta and especially if the calcr
fication 1n the wall of the aorta shows dilatation on

————e Sup mesenteric ---1 \é
arteries

~Renal arteries”

-Thrombus

Iic 49  The typical fusiform ancuiysm of the mfmrcnn:
40.ta contans thiombus, but 1t 1s not often completely ucch{da
and femoral pulses are usually present Occasionally, 110\\(.\0‘:;
the patient presents himself with the signs and symptoms o
lower aortic occlusive discase (“Leriche syndiome”), and m i\n
1clatively obese subject the completely thromboscd nncurz:cld
may not even be suspected until the abdomen has heen opt :
—unless calaification m the wall of the ancurysm was visualized
preoperatively on rocntgen examination
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Frc 50  Aneunysm of infrarenal sorta  This typical anen
Ny of the lower abdominal gorta was resected and a graft
Profthetis interposed  Such operations are routine in most of
the larger hospitals and the results are atlsfacton
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the plain roentgen studies, we prefer to operate with-
out performing an aortogram, 1n most instances In
the occasional case where there 1s occlusion of the
lower aorta with evidence of Leriche’s syndrome (Fig
49), we perform an aortogram for the primary pur-
pose of determining whether or not there 1s a sufficient
run-off in the iliac and femoral vessels to afford an
opportunity for successful bypass grafting if this 1s
mndicated 1n the given case (Fig 50)

In addition to the calcification in the wall of the
aneurysm and the visualization of the aneurysm on
aortogram, additional findings which may be present
1n one case or another are erosion of the spine by the
aneurysm (best seen 1n the lateral films of the spine),
displacement of various structures such as the kidney
or portions of the alimentary tract which can be
visualized on barium study, and by a soft tissue mass
seen 1n the abdomen on the plain film

Management

Unruptured Infrarenal Aortic Aneurysms It 1s prel-
erable to consider the treatment of unruptured and
ruptured abdominal aortic aneurysms separately,
though the principles of surgical management aré
basically the same in each instance In addition to
the fact that the technical proceduies are easier when
the aneurysm 1s not ruptured, the prognosis 1s vastly
better in the patient whose aneurysm has not rup
tured This 1s due to a vaitety of factors, the prin-
cipal one being that the pauent whose ancurysm Im?
ruptured acutely usually 1s admitted 1n shoch, an
one 15 confronted with all the hasairds of such circum
stances At operation 1t is often hard to i1dently the
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ilac arteries the vorta proximal to the pomt of rup-
tute the tlinc vemns the veni eva and the wcters
because of the massnve 1cttopentoneal hematom—
and meanwhile blood loss conunues unul the prox
imal aorta and the 1hac arteries have been controlled

The optimal approach to the abdonunal norta 1s
through a long mid line masion which extends from
2 pont shortly below the xyphoid process to 1 point
well below the umbihcus (Figs 514 518 2l¢)  Tlis
gives access to the aorta below the renal arteries hut
proximal to the beginming of the ancurysm above

Arpur ge e

Smafl miestine in Lohey s 199

o}

Fio. 514 steps tn resccuon of infrarenal snenryam of ab-
sorta (1) Long midlne dndslon and jsoligion of
tmal! intestine in 1 Lahey bg
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and 1t affords adequate visualization of the common
thac aitertes distal to the anewysm  When the
aneurysm 1molves the common 1liac arteries one
will need to sccure contiol ol the esteinal il
arterzes and, as soon as [easible, the inteinal 1liac
artertes In our experience the major hazaid of
serrous bleeding encountered in the resection ol an
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Iic 51n  (2) Laposure of mmfrarcnal aorta above ancurysi
and Iigatton and diasion of nfeiror mesenternie d1ter) (%)
Lumted dissccion to permit safc passage of damp anterior
to the mfcror vena cava but posterior to the ancurysim
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Tic 31c (1) The ancurysm and the common fhac arery
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tery and the inferlor vena <ava A portion of the outer wall
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an additional g «f safety m ceiin instances  (7) Ihe
ancanysm s completely exased  (8) The antedor sutme line
b phced  (9) The Lifurwation prosthals has betn snastomosed
to the common 1liac arteries below
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aneurysm of the aorta below the renal arteries is
occasioned by injury to an iliac vemn or to the m-
ferior vena cava Injury to the iliac vemns 1s pai
ticularly likely to occur as one 1s gaiming control of
the iliac arteries just adjacent to the terminal por-
tion of the aorta The junction of the 1liac vemns 1s
situated immediately behind the bifurcation of the
lower aorta and, should one injure these veins prior
to getting exposure through mobilization of the aorta
at this point, suture of the laceration 1s difficult Nev-
ertheless, probably few patients have been lost because
of bleeding from these large veins, certainly we have
lost none, nevertheless, 1t does prolong the operation
and 1t requires the transfusion of more blood than
would otherwise have been necessary The vena cava
itself 15 particularly likely to be injured just as 1t
emerges from beneath the aorta or, more accurately,
alongside the aorta at the right of the aortic bifurca-
tion Here again, this can be avoided by dissection
mto the wall of the aneurysm, leaving a portion of
the adventitia of the aneurysm adhered to the vena
cava, at least until the aneurysm has been removed
Once the mass of the aneurysm has been resected,
one can dissect 1n the region of the vena cava with
great facility and precision, and injury is rare Iur-
thermore, even should injury occur at this time the
repair of the small rent 1n the vena cava 1s a simple
matter.

It 1s not usually difficult to gain control of the aorta
proximal to the aneurysm but below the 1enal vessels
when there 1s as much as a 25 cm distance between
the o1igin of the right renal artery and the beginning
of the ancurysm If there 1s a clot in the ancurysm
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wlhich extends up to the level of the renal arteries 1t
may be necessany temportnly to occlude the aort just
above these vessels nd to perform e endni terectomy
or at lewst to flush out the thiombus from the seg
ment of noimal 1otta just below the renal arteries a
second clamp then bemng placed below the renal ar
teries and the one above the 1enal arteries 1s remoyved
When there 15 thrombus 1n the ancurysm however
one should check the pulsattons in the renal arteries
after completion of the proximal anastomosis to be
certain that nejther of these vessels has been occluded
with particles of thrombus dislodged from the aorta
Once one has ganed control of the common 1liac
artenies below and of the aorta above the aneurysm
usually with a Crafoord or Satinsky clamp the situa
uon 1s well 1n hand. Some surgeons sull prefer to
divide all possible lumbar arteries and to dissect the
aneurysm away from the vent cava prior to closure
of the clamps above and below and actual exasion of
the aneurysm 1tselfl  This does minimize aortic occlu
sion ume. However we ounsclves following the ex
ample of DeBakey and his associates have found that
tt 1 far wmpler boldly to enter the aneurysm {ollow
ing occlusion of the aorta above and the common 1liac
artenies below and to carry the dissection forward
from within the aneurysm after evacuaton of the clot
which 15 almost always present to some degree In
this way one can resect most 1f not all of the aneurysm
without 1njuring the vena cava If there 1s excessive
bleeding from intercostal vessels, the aneurysm can be
esenually transected and each end crossclamped with
long Kocher clamps  Thus bleeding 1s allowed to oc
car into the halves of the aneurysm but blood is not
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lost extravascularly and in this way bleeding 1s mm
mmized It 1s surprising how gieat 1s the vairation m
the bleeding from the lumbar aiterses different pa
ticnts  In some ble]C(.lS IL 15 not necessary Lo attempt
to control the bleeding mto the aneurysm [rom the
lumbar arteries by either suitably placed clamps or
by compression with packs, since the bleeding from
these vessels 1s very slight indeed Of course, as one
retracts the portions of the aneurysm anteriorly he
visualizes the lumbar arteries beneath and clamps each
pair progressively from below upward to the pomnt at
which the aorta 1s to be divided at the most proximal
cxtension of the aneurysm The proximal segment
of the aneurysm 1s usually dealt with first, 1t 15 freed
up, transected at 1ts origin and the proximal anasto
mosis of the transected proximal aorta to the syntheuc
prosthesis (Teflon or Dacion) 1s completed We for
merly injected heparin into 1liac aiteries distally, but
In the last two years we have abandoned this prac
tice. ‘There has been no instance of clotting 1 the
arteries to the legs duiing the pertod of occlusion, ex
cept for clotting 1n the 1liacs just distal to the clamp
This blood 1s invariably aspirated with the suction
tp just prior to the completion of the lower anasto-
mosis  In fact, 1t 1s well to place bulldog clamps
across the 1hac vessels just above the level of the m
ternal 1liac o1 hypogasmc arteries, and to 1emove all
blood from the common 1liac vessels proximal to this
level No blood clot must be allowed to remamn n
the prosthesis, or 1n the proximal aorta, or 1n the com-
mon 1liac arteries at the ume of completion of the
distal anastomosis and the restoration of normal blood
flow to the lower extiemities  Otherwise embolization
to the arteries 1n the legs may occu
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The mortality rate following resection of unrup-
tured aneurysun of the lower tbdommal nortr an
be less than 5 per cent an prucnts m otherwise good
physteal condttion  I'here has been considertble
terest 1n the effect of aoss-clhmping the infrrenal
aorta on renal function  but we have noted no sert
ous ill effects from this 1n pattents with previously
normal renal function  Severe intasunal ileus can
occasion much morbidity and for this reason a long
mtesunal tube 1s mserted routinely preoperatnvely
The common causes of postoperatve deaths mn such
patients n our expertence have been coronary oc
clusion and hemiplegin  Late results ' 7 and certain
complications ** have been published

Occasionally the thac artertes are involved and a
Ygraft must be employed If the 1hac rteries are
found to be thrombosed the Y prosthesis must extend
from just below the renal arteries to the common
femoral artery on either side

Ruptured Abdominel Ancurysms.¢ 3¢ 47 3 Tt Auch
has been learned regarding the natural history and
course of the ancurysms of the lower abdominal aorta
in recent years as reviewed above In particular ab-
domunal pain frequently 13 present for some time prior
to rupture of an aneurysm and aneurysms which are
symptomatic should be operated upon mmmediately
However 1n the obese subject 1n whom the cause of
the pain has not been identified rupture of the aneu
ryan following 1ts gradual enlargement can occur
without signs which were considered sigmificant to the
observers  Morcover the abdominal or back pan
which the patient has may not be due to the aneu
yam 1n one patent the back pain proved to be due
10 lumbar spine metastases from prostatic carcinoma,
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An anewysm which 1s leaking may manifest 1tsell
In a vartety of ways TFust, 1t should by no means he
thought that the 1uptuie of an aneurysm of the anita
1s mvaniably fatal immediately, m the absence of e
section As a matter of fact, many 1uptwed abdom
mal aneurysms give pathologic evidence of having
leaked at several intervals over past months We suc
cessfully opeiated upon one patient who had a rup
tured abdominal aneurysm that had manifested 1tsell
as possible intestinal obstiuction fo1 which the patient
has previously had two abdominal explorations which
were recorded as being negative Unquesttonably the
pain in each instance was due to a 1uptme ol the
aneurysm, with sealing off of the pomnt of leakage
Perhaps 1n even a majoiity of patients the symptoms
of beginning 1uptuie have been present for severdl
days or at least many hows p1ior to the tume at which
the correct diagnosis 1s made, whethe1 o1 not smglcﬂl
intervention 1s attempted  Actually 1t should al
ways be attempted 1f the patient 1s not monibund,
for 1f the subject su1vives operation he may also su-
vive oliguria due to the pertod of hypotension and
perhaps suprarenal aoitic occlusion The fact that
the patient suddenly exhibits abdominal pain, with
a drop in the hemoglobin and hematociit levels but
without evidence of bleeding imto the chest of mnto
the alimentary tiact, should certainly suggest the pos
sibility of 1uptured aneurysm The signs and symp-
toms of acute rupture usually are abdommal, flank or
back pamn associated with an enlaging abdommal
mass which [1equently pulsates The concomitant dc
cline 1n the hemoglobm and hematoc it levels have

been mentioned
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In the cases of ruptured aortic wneurysms that we
have operated upon an aortograni was not performed
because the diagnoss was obivious  However the
diagnosis was 1n error mn two patients who had masses
in the left flapk and lowered hematocrit Jevels one
subject had a highly vascular retroperitoneal sarcoma
which had been the site of hemorrhage and the other
had a masstve retroperitoneal hematoma whuch devel
oped secondary to long acung hepann therapy which
he had been recenning for a cerebrovascular acadent
Furthermore 1n two instances of ruptured abdominal
aneurysm the patient had been 1n our hospital for one
week and three weeks respectnvely  The first patient
had been admitted to the urology service with the
diagnoss of left ureteral colic, since he was obese and
had patn radiating from the left flank and into the
scrotum  Five days following admussion during which
pertod two successive drops 1 the hematocrit level
had been observed a pulating mass suddenly was
palpable in the lower abdomen He was taken 1mm
mediately to the operating room and an aneurysm of
the lower abdominal zorta and left 1liac artery was
successfully resected and a homograft wnserted In
the wnstance of the other patient he was studied for
obscure abdominal patn for a week or 30 on the diag
nosuc service prior to the abrupt further bleeding
from the aneurysm By the time the surgical team
had been called he was virtually mombund and he
succumbed on the operating table as the abdomen was
being opened.  Resuscitation was unsuccessful

Thewe various comments are made with the speafic
purpose of urging the prompt suspicion of the pres-
ence of a ruptured anearysm and exploration of the
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abdomen whenever this diagnosis 1s a 1easonably good
possibility  Usually the films of the abdomen which
disclose calcification 1 the aneurysm, the piesence of
an expanding mass n the abdomen (usually on the
left) and a fall 1 the hematoctit level will suggest the
diagnosis of 1uptmed aneurysm

The chief baiier to successful management of a
ruptured anemysm lies 1n the fact that one begins the
operation with a patient who 1s losing massive quan-
tities of blood mto the abdomen, and the outcome
heie 15 very likely to be what 1t 1s when one operates
upon any other patient in similar cncumstances, 1¢-
gardless of whether o1 not the operation 1s bemng per-
foimed for anewtysm That 1s, the gencial condition
of these patients 1s extiemely poor and, should onc
manage to contiol the aortic leak and then to con-
tinue the 1estoration of an adequate blood volume,
the complications of coronary occlusion, hemiplegia,
o1 postoperative 1enal faillure are always gomng to take
their toll It 1s 1elauvely meaningless to discuss the
mo1tality 1ate, smce this figume will depend upon
widely varying factors including the state ol the pa-
tient when he 1caches the hospital and the natme of
the ancurysm after one has opened the abdomen  We
have successfully 1esected and grafted 1uptined ancu-
rysms only to have the patient dic two weehks later of
postopeiative 1enal nsufficiency, due to the prolonged
shock he sustained before and durning the carly pat
of the operation This 1s not to say, however, that
onc should not always t1y to resect the aneurysm and
put m a graft, sice i a number of cases this will be
successful, and there 15 no swe way of determining in
advance which patent will live and which panient will
not They will virtually all dic without opcaiation
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Aneurysms of the External Thac, Femoral
and Popliteal Arteries

Ancurysms occur 1n all artenies at il lesels though
with different frequency Aneurysms of the common
thac arteries have been considered tn connection with
ancurysms of the lower aorta #ince aneurysms of the
lower aorta frequently involve one or both of the
common 1liac arteries  Aneurysms of the external
iiac artery have been relatnvely uncommon m our
experience  We have had a number of aneurysms
which have involved the femoral or popliteal artenes
(Fig 52) Such aneuryyms may have a dissecting comn
ponent.®

In contrast to the problemns assocated with the
management of aneurysms of the aorta and the com
mon iljac artenies the management of aneurysms of
the arieries of the extremuty 15 essentially a simple
matter  One first gains control of the artery both
above and below the level of the aneurysm and he
then carefully separates the concurrent vein from the
aneurysm, whether 1t be the femoral vein or the pop-
Lteal vein Important nerves must also be 1denufied
and retracted to avord harm  The 1dentification of
artery vem and nerve 18 best achieved by carrying
the masion proimal to a point where the tasue
planes have not been obscured by inflammatory re
action around the aneurysm aself Having passed
tapes around the vein nerve and artery where these
varnous structures exist together one can then carry
the dissection downward under direct vision and the
three can be carefully preserved Thus identical ap-
proach 18 used to gain access to the aneurvsm dat a
point below its most distal extension.
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Fic 52 Ruptured atherosclaotic ancurysm of pophtcal or
tey This paucnt had an athcrosclerotie ancurysm of  the
poplitcal artery which had rupturcd to produce a pulsiung
hematoma  In the upper photograph the ancunsm may he
scen beneath the ratrcted saatic nonve and s brandhes I
the lower photogiaph the up of the forceps indicates the pomt
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The anatomic exposure of the external 1il1ac and the
femoral artery offers no problems In contrast the
popliteal artery can be dufficult to expose * ™ It may
be approached either with the patient i 1 facedown
pouition or with 1 medial 1nasion beginning just
above the poplitenl space and extending to a point
shightly beyond this lesel  The sciatic nerve overlies
the popliteal neurysm usually and thus must be
carefully preserved (Fig 52)  \neurysms of the pop-
liteal artery ™ are usually due to atherosclerosis but
they may also be due to syphilis or other causes

One pomnt of importance which should be stressed
15 the frequency with which ancurysms of the extrem
1ty may give rise to migns and symptoms of an mnfec
ton® To inase an aneurysm without prior prepa
ration for proximal and distal control of the main
artery or without adequate blood for replacement 1f
necessary can prove awkward indeed

Summary and Conclusion

1 The types, etiology clinical findings diagnosis
and surgical treatment of representative arterial aneu
rysms have been rewiewed True aneurysms of the
aorta are usually due to atherosclerosis or less com
monly syphilis. Infectton and medial necrosis are
euologic factors 1n some instances as 13 trauma

2. The majority of patients with a symptomatic aor
tc aneurysm whether thoracic or abdominal will be
dead withun s1x months unless the lesion 13 successfully
treated surgically
at which primary znastomosis of the popliteal artery was per
formed following rescction of the aneurysm  No graft was re

quired In this aue tince only a short segruent of the popliteal
artery was involred by the ancurysm
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3 The diagnoss of these lesions rests upon the his-
tory and physical examination, plain roentgen films
which disclose a mass in the thoiax o1 calcium m the
wall of an abdominal aneuiysm, fluoroscopy which
discloses expansile pulsations of a thoracic lesion, and
appropuiate angiography wheie indicated

4 Abdominal pain of undetermined origin may be
due to an aneurysm The discomfoit may 1adiate to
the back, often due in part to erosion of the lumbar
vertebiae, or 1t may extend into the sciotum 1f rup-
ture of the aneurysm has occurred

5 Aneurysms of all segments of the aoita and 1ts
majo1 branches have now been successfully operated
upon Some lesions can be excised using lateral aor-
torrhaphy but most must be 1esected and gralted

6 Defects in the aortic arch and mnonunate and
carotid arteries must be appiroached in such a way
that brain ischemia 1s avoided An additional con-
sideration 1n the case of anemysms ol the ascending
aorta and aortic aich is that of pireventing excessive
back pressure upon the heait, causing farlme of this
organ This objective 1s best accomplished with the
use of the pump oxygenator, m the case ol an ancu-
rysm of the ascending aoita, o1 the use of a system of
temporaiy o1 permanent bypass shunts when the arch
but not the ascending aorta 1s mnvolved  Siular tech-
nics using temporary bypass grafts are used to 1esect
ancurysms of the descending thoracic and thoraco
abdominal aorta  Aneurysms of the mfrarenal po
tion of the aorta can be safely cxcluded, exased and
a graft inserted without sertous hazand of distal

ischemic changes
7. The patcent with a dissecing ancurysm of the
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thoracic aortn n condition fatal within 1 few months
i perhips 75 to 80 per cent of (e cw now be of
fered 2 fanly effective palhintive operitton

8 Ruptured abdominal aveurysms e pot cees
santly fatal immeditely and many pauents with ths
condition can be saved by prompt operation  Never
theless the surgical prognosis alter a given aneurysm
has ruptured 13 often less favorable thin it would hve
been prior to rupture

9 The surgical treatment of arterl aneurysms is
now so gratfyingly effective that few contraindications
to prompt operition for these hazardous lesions exust.

References

| Adams, H D, and H H van Geertruyden Neurologic
complications of aortic surgery Trans. Am Surg
Asst, 74 281 1956

2. Bahmson H T Comsiderations in the exasion of aortic
aneurysms Ann Surg 138 377 1958

$ Bahnion H T Defimuve treamment of saccular anen
rysms of the aorta with exdsion of sac and aortic su
ture  Surg., Gynec & Obst, 96 883 1953

4 Bahnson H T Treatment of abdominal aortic aneu
rysm by excision and replacement by homograft
Crrculation 9 494 1954

5 Bahnson H T and A R Nelson Cystic medial ne
oo a3 a cause of localized aortic aneurysms amena
ble to surgical treatment. Ann Surg 144 519 1956

6 Bahnson H T and F C. Spencer Excision of aneu
rysm of the ascendmng aorta with prosthetic replace
ment dunng cardiopulmonary bypas. Ann Surg
{In pres)

7 Bemon, W R, ] E Hamilton and C E. Clangus Dis
rection of zorta report of & case treated by fenestra
tion procedure, Ann Surg 146 111 1957

8 Binkley F M and E. ] Wylie Surgical approaches to
the popliteal artery  Am ] Surg 96 218 1958



236

9

10

11

12

13

14

15

16

17

18

19

2]

Swuigery of the Aorta

Boatman, K K, and V A Biadford Excsion of an
mternal caiotid aneurysm during pregnancy employ-
ing hypothermia and a vascular shunt Ann Surg,
148 271, 1958

Bosher, L H, Jr, and A M Decker, Jr Experiences
mm vascular grafting for aortic and arterial ancurisms
Ann Surg, 145 943, 1957

Catanzaro, F P, A Merlino, and ] A Palumbo Brief
recording, aneurysm occurring in the pancreatico-
duodenal arteries treated by excision New England
J Med, 256 847, 1957

Colt, G H The clinical duration of saccular aortic
aneurysm 1in British-born subjects Quart ] Med,
20 331, 1927

Conklin, W S, ] T Gusmer, and ] A Aalpocl Re-
section of the aortic arch Ann Surg, 148 226, 1958

Cooley, D A, and M E DeBakey Ruptured ancurysms
of abdominal aorta, excision and homograft replace
ment Postgraduate Med, 16 334, 1954

Cooley, D A, M E DeBakey, and G C Morrs, Jr
Controlled extracorporeal circulation In surgical
treatment of aortic aneurysm Ann Surg, 146 473,
1957

Cooley, D A, D E Mahaffey, and M E DeBakey To-
tal excision of the aortic arch for ancurysm Surg,
Gynec & Obst, 101 667, 1955

Creech, O, Jr, M E DeBakey, and D L Mahafley
Total rescction of the aortic arch Surg, 40 817,
1956

Creech, O, Jr, M E DeBakey, G C Morrs, Jr, and
J H Moyer Lxperimental and clinical obscrvations
on the effects of renal 1schemia  Surg, 40 129, 1056

DeBakey, M E  Dissecting ancurysm of the aorta (1 i
torial) Surg, Gynec & Obst, 102 372, 1956

DeBakey, M L, and D A Cooley Surgical treatment
of ancurysm of abdominal aorta by rescction and
restoration of contmuity with homograft  Surg,
Gyncc & Obst, 97 257, 1959

DeBakey, M 1. D A Cooley, and O Creceh, Jr Sur



24

26

27

3

Aneurysms 237

gal considerations of dissecting aneuryams of the
aorta Ann Surg 142 586 1955

DeBakey M FE, D \ Coaley and O Creech Jr
Treatment of aneurysms and occlusne discase of the
zorta by resectton analyys of eighty seven cases. ]
A M A 157 208 1905

DeBaley M E. O Crecch Jr. and G C. \Morris, Jr
Aneurysm of thoracoabdominal aorta imolving the
celiac, supenior mesentenc, and renal artenies. Re
port of four cases treated by rescction and homograft
replacement  Ann Surg 144 349 19,6

Doumanian A V., E. H Sowle and F H Elln, Jr
Ruptured aneurysm of the inferor thyroid artery
assoclated with paralysis of the vocal cords report
of a case. Proc. Staff Meet Mayo Clin., 34 303 1959

Dubost C, and C. Dubost Trautement chirurgical des
anévrysmes de laorte  Les pownbilitds d enérdae  J
Chir 69 581 195%

Dubost € M Allany and N Occonomos Resection
of an ancurysm of the abdominal aorta A M A
Arch Surg 64 405 1952,

Eneman B, and R H Hughes Repair of an abdom
inal aortic vena caval fistula caused by rupture of
an atherosclerotic aneunyom  Surgery 39 498 1956

Erdhemm ] Medionecrosts aortae idiopathica  Vir
chows Arch., 273 454 1929

Estes ] E Jr Abdominal aoruc aneurpsm study of
one bundred and two cates.  Circulation, 2 258 1950

Etheredge S N ] Yee ] V Smith, S Schonberger
and M J Goldman Successful resection of a large
aneurysm of the upper abdominal norta and replace
ment with homograft. Surgery 38 1071 1955

Eyc, F W T P ] Osmundson R O Brandenburg,
and J E Edwards Aneurywmns of the abdominal
aorta and fever Proc 8raff Meet. Mayo Clin 35 1
1560

Gage M Inflamed arteral popliteal aneurysm simu
lating acute abscess.  Ann. Surg., 145 898 1957



238
33

34

35

36

37

38

39

40

4]

42

43

44

Surgery of the Aoita

Gaspar, M R Failure and replacement of abdominal
aortic grafts Am ] Surg, 96 208, 1958

Gerbode, F Ruptured aortic aneurysm—a surgical
emergency (Editorial) Surg, Gynec & Obst, 98
759, 1954

Gliedman, M L, W B Ayers, and B L Vestal Ancu
rysms of the abdominal aorta and 1ts branches, a
study of untreated patients Ann Surg, 146 207,
1957

Gondos, B, C H Hunter, and N Braunwald Dissect
ing aneurysm of the aorta, report of two cases diag-
nosed by angiocardiography New England J Med,
261 535, 1959

Gore, I, and V J Semrvert Dissecting ancurysm of the
aorta, pathologic aspects An analysis of cighty five
fatal cases Arch Path, 53 121, 1952

Greenstone, S M, T Massell, and E C Hermngman
Spontancous rupture of an abdominal aortic ancu-
rysm nto the inferior vena cava, report of a casc
J A M A, 169 1754, 1959

Gross, R E Treatment of certain aortic coarctations
by homologous grafts, a report of 19 cases Ann
Surg, 134 753, 1951

Gross, R E, A H Bill, Jr, and E C Peirce, 11 Meth
ods for preservation and transplantation of arteral
gralts Surg, Gynec & Obst, 88 689, 1919

Grosshreutz, D C, A C Magee, and C R Stephen
Value of hypothermia during aortic occluston J A
M A, 165 949, 1957

Gsell, O Wandnekrosen der aorta als sclbstandige
Lrkrankung und ihre Bezichung zur Spontanruptur
Virchows \rch, 270 1, 1928 (Cited by Bahnson and
Nclson, \nn Surg, 144 519, 1956)

Hankms, ] R, and G II Yeagar
ancurvsm  Surgery, 40 717, 19506

Hansbiough, 1 1, md R | Lipm Hepatie antery
meurvsm with esaston of e sy Yo Swg,
149 275, 14959

Hardm, C A Rupt

o

Primry mmcotc

mal ana 1



Aneurysms 239

ring m Marfans syndrome  attempted repair with
the wse of 1+ mylon presthess. New Tigland ] Med.,
260 821 19,4

46 tMardy J D1 aeston of syplulitic atterioxcletatic ancu
rysm_ techural and phsiological considerations with
report of a case  Ann Surg 137 399 1953

47 Hardy J D Ruptured ancurysm of abdommnal aorta
succesalul resection and homografung five days after
fmial hemtorthage  Musisippi  Doctor 34 119
1956-57

48 Hint, A L, Jr, and B 1 Darbour Dissecting aneu-
rysm with hemopericardium  report of a cae with
healing New kngland J VMed, 258 116 1908

49 Holman E On arcumscribed dilauon of an artery
immediately distal 0 a partally ocduding band
poststenotic dilatfon  Surgery 368 1954

50 Javid, H, W S Djye W ] Grove and O C. Julian
Rescction of ruptured ancurysms of the abdorminal
aorta Ann Surg., 142 613 1955

61 hampmeler R H Ancurysm of the abdominal aorta
a study of 73 cases  Am ] Med Scl, 192 97 1986

52. hampmeier R I Saccular aneurysm of the thoracic
aorta a clinlaal study of 633 cases. Ann Int. Med,,
12 624 1938

53 RKatz, B, and L. F Jacobson Ancurysm of the superior
mesenteric artery successfully treated case report,
Surgery 41 613 1957

54 Kirby C. K ] Johnson, and J G Donald Ancurysm
of the common carouid artery  Ann Surg 130 918
1949

55 Levinton D C. D T Edmeades and G C. Griffith
Dissecting aneurysm of the aorta tts dimaal, electro-
ardiographic and lsboratory features a report of
fifty-eight autopsied cases.  Clrculation 1 360 19%0

56 Lilleher R. C. B Goott, and F A Miller The physio-
logical response of the small bowel of the dog to
fschemia including prolonged in vitro preservation
of the bowel with succensful replacement and wur
viral. Ann, Surg, 150 543 1959



240

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Suagery of the Aorta

Lodwich, G §  Dissecing ancurysms of the thoracie
and abdomimal aonta, report of s cases, with dis
tussion of roentgenologic findings and  pathologic
changes Am ] Roentgenol, 69 907, 1053

McKusick, V. A The cardiovascular aspects of Mar-
fan's syndrome, a heutable disorder of connectne
tissue  Circulation, 11 321, 1955

Mahorner, H Historic and modern methods of treat-
g aneurysms Surg, Gynec & Obst, 105 105, 1957

Manigha, R, and ] E Gregory Increasing madence of
arteriosclerotic aortic ancurysms, analysis of six thou
sand autopsics A M A Arch Path, 54 298, 1952

Maunorr, J P Memoires Physiologique et Practiques
sul I'Aneunisms et la ligature ses Aiteres  Geneva,
J 1 Paschoud, 1802 (Cited by DeBakey, Cooley,
and Creech, Ann Surg, 142 586, 1955)

Moritz, A R Medionecrosis aortae 1diopathica cystica
Am ] Path, 8.717, 1932

Morvitz, D Dissecting ancurysm of the femoral and
popliteal artery  Suigery, 45 834, 1059

Nanson, E M, and ] G Noble The cffect on the hid
neys of cross clamping the abdomunal aorta cistal to
the renal arteries  Surgery, 46 388, 1959

Osler, W The Gulstonian lectures on mahignant endo
carditis  Brit Med J, 1 467, 1885

Pilcher, C, and C Thuss Cerebral blood flow 111
Cerebral effects of occlusion of the common or In
ternal carotid arteries  Arch Surg, 29 1024, 1934

Quattlebaum, J K Ancurysm of the hepatic artery,
report of three cases  Ann Surg, 139 743, 1951

Rocsch, C B, and | W Bond False ancurysm duc to
an nfected aortic anastomosis, successful rescetion
and rcanastomosts  Am | Suig, 99 90, 1960

Rottuimo, A Medial degeneration, cystic variety, in un
ruptured aortas  Am Heare J, 19 930, 1940

Schunert, G, C Y Hadihan, and O C Branugan
‘[ emporary bypass for repair of ancurysms of the
aorticarch  J A M A\, 164 1089, 1957

Scott, [T W, Jr, J I Foster, J A hartley, and R



Aneurysins 241

Carlson  Followup study of pauents with arterio-
sclerouc aneurysm of the abdominal aorta treated
by resection and freere-dricd homogmaft. Surgery
45 445 1959

72 Seeley S F., C. W Hughes and E. J Jahnke Jr Sur
gery of the popliteal artery Ann Surg., 138 712
1953

73 Senderoff E L. Blum and I D Baronofsky An analy
sis of rupture of thoracic aneurysms subscquent to
abdominal aneurysmectomy  Surg., Gynec. & Obst.
108 567 1959

74 Shaw R. S Acute disecting sortic aneurysm treat
ment by fenestration of the internal wall of the aneu
rymm. New England ] Med 253 831 1955

75 Shepnan T Dissecung aneuryims, (Med Res. Coun-
dl, Spec. Rep Series No 193) London HMSOQ
1934  (Clted by DeBakey Cooley and Creech Ann
Surg., 142 6586 1955)

76 Sheramian L. Q. ] E. Edwards, and J W Kiklin Late
results in 110 patients with abdominal aortic aneu
rysm treated by resectional placement of aortic homo-
graft. Surg Gynec. & Obst. 109 809 1950

77 Spencer F C. Apeurysm of the common carotid artery
treated by examon and primary anastomosis. Ann
Surg., 145 254 1957

78. Steinberg, I, and N Finby Angiocardiography in the
diagnons of saccular aneurymn of the abdominal
aorta report of a case  New England J Med 255
204 1956

79 Stengel, A and C. G. Wolferth Mycotuc (bacterial)
aneuryzms of Intravascular ongin. Arch. Int. Med,,
31 527 1923

80 Storer J and R. C. Smith The management of the
ruptured aortic ancurysm. A M A Arch. Surg 79
711 1959

81 Sulivar J J Jr and J L. Manguardi Surgical man
ag;l;:cn[ of mycotic eneurysms  Ann Surg,, 148 119
1

82 Taber R. E, and M S Lawrence Resection and ar



242

83

84

85

86

88

89

90

91.

02

Surgery of the Aorta

terial replacement in the treatment of popliteal ancu
rysms Surgery, 39 1003, 1956

Tung, H-L, and A A. Liebow Marfan's syndrome,
observations at necropsy with special reference to
medionecrosis of the great vessels Laborat Invest,
1 382, 1952

Vaughan, R H, R A Deterling, Jr, and F M Smith
Successful excision of an aortic ancurysm cxplored as
a paraspinal tumor New England J Med, 253 15,
1955

Voyles, W R, and W H Moretz Rupture of aoruc
aneurysms into gastrointestinal tract Surgery, 43
666, 1958

Warren, W D, J Beckwith, and W H Muller, Jr
Problems 1n the surgical management of acute dis
secting aneurysm of the aorta Ann Surg, 144 530,
1956

Warren, W D, D W Eastwood, and W H Muller, Jr
Acute myasthema gravis following surgery for acutc
dissecting aortic aneurysm under nitrous onide, pen
tothal curare anesthesta Am ] Surg, 96 102, 1938

Weiss, S, T D Kinney, and M M Maher Dissccting
aneurysm of the aorta with expermmental atheroscle
rosts Am ] Med Ser, 200 192, 1940

Wheelock, F, and R S Shaw Ancurysm of the abdom
mal aorta and 1hac arteries New Lngland ] Med,
255 72, 1956

Wijson, H, and J] D Hardy Large abdonunal aoruc
ancurysm treated by cxcsion and replacement with
aortic gralt  Mississipps Doctor, 32 155, 1954~35

Wood, F C, I. P Pendergrass, and H W Ostrumn
Dissecting ancurysm of the aorta with speaal refer
cnee 10 1ts roentgenographic features Am ] Root
genol , 28 437, 1932

Woods, I' M,and I ] Kenny Congemtal aortsc anci
rism, reportof acase A M A, 148 1216, 1052



CHAPTER 6
Embohsm

RTERIAL embolism represents a serious and
A only partally solved problem 1n medical
practice  The ncreased attention 1ccorded
arterial lesions in generl in recent years has resulted
I 1 more acute awareness of the frequency with which
embolic phenomena 1re found if they are carefully
sought for Certunly the increasing age ol the popu
lation renders Inrge numbers of persons susceptible to
the heart conditions which provide the greatest num
ber of atter1al emboli  Whereas in many nstances
these emboli re small wmnd produce nunimal symp-
toms few clinical circumstances provide more dm
matic findings than does the abrupt occlusion of a
mAjor artery such s the bifurcation of the aortn by
an embolus usually from the left side of the heart.
When such an episode does occur the patient fre
quently loses onc o1 both legs and not infrequently
his life unless successful stugery 15 posstble  Unfor
tunately many pauents with acute arterral embolism
are managed consennatively when 1n embolectomy
under local nesthesta nught restore blood flow to
the part concetned and sull other patients are sub-
jected to majgor operative procedures where less ex
tensive procedures might have sufficed with a greater
salvage of Iife et even 1f the embolus 1s successfully
243
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removed, serrous underlying heait disease often 1c
sults 1 eaily death of the patient

‘The puipose of Chapter Six 1s to 1eview the gen
ertal problem of airtenial embolism, and to indicate
the cinicumstances under which one feels that certain
methods of management are most likely to prove cf-
fecuve The topics to be considered will be discussed
under the following headings

A Types and Sources of Arterial Emboh

B Sites of Lodgement of Arterial Emboli

C Pathophysiology and Mechanisms of Ischemia
Due to Artersal Embol:

Diagnosis of Arterial Embolism

Management of Artenial Embols

1 Conservative Measuies

2 Embolectomy

3 Long-term Prophylaxis Against Recutience
Prognosis 1 Arterial Embolism

Considerations 1n the Management of Embolism
to Spectfic Arteries

Internal Caiotid Arteries

Arteries to the Upper Extiemity

Superior Mesenteric and Renal Arteres
Aortc Bifurcation

Femoral Bifurcation

Popliteal Artery

= o

Q=

QQJ‘[AOQM»—-!

TYPES AND SOURCLS OF \RTERIAL
EMBOLI

Any material entening the arterial stieam can
theoretically embolize and thus emboli may onsst

of air, fat, tumor tissues from heart on lTung® bul
Jots 10, 33,36, 64, €0, ST, 4, 126, 310, 143, 143, 147 173 and calaficd
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plaques 4 17215 Joucrer most cmbolr represent
dislodged portions of thrombi usually ansing 1n
the Ieft side of the heart (k1g 53)  Projecules m1y
also migrate toward the heart 1n veins.!*2 A further
rare source of systemic artertal embol 1s the venous
embolus which has entered the Jeft side of the heart
through a patent atnal or ventnicular septal defect
(paradoxical embolism) We had one such patient
ourselves who exhibited multiple paradoxical renal

Vegetation on
Mitral Valve

Fic 53 The overwheloung majority of artenial embol
arbe in the left side of the heart. Either atnal fibrillation

or recent myocardial infarction s found to be present in
most jnstances.
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and other infaicts secondary to pelvic thiombophle
brtts with arterial embolism due to aual septal de-
fect (lig 54)  Embolization may also ocan distal
to thrombosis 1n the subclavian aitery caused Dy
cervical 11ih compression, o1 by thrombosts ansing m
connection with a saccular or dissecting aneurysm '
of the aorta Thrombosis may also be occasioned by

—-PATENT FORAMEN

OVALE
-——AORTA
-——KIDNEY

—~— VENA CAVA

—— PELVIC VEIN
EMBOLUS

i, 34 In the e case amboly arising s sustanie Lo
find thar way mnto the aorty througle atrsil o1 ventrrcular
septal defoats
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nyury to the wall of an artery n the course of sur
gery or otherwise,*s and thus thiom’us may give rise
to emboli Portions of thromb: formed 1n the pul
monary veins may also nugrate mnto the left atrium
and pass as emboli to varous parts of the body and
thrombus dislodged during tortic surgery '*" may em
bolize to more distal portions ol the arter1nl bed

Only embolt secondary to thrombus fonmation will
be considered subsequently

Again the overwhelming majonity of embolr anse
tn the left side of the heart  Haimovia * found that
96 per cent of 330 unselected cases of embolism of
the extremiues occurnng in 228 pauents arose from
the lelt chambers of the heart or on the mitral valve.
A simalar madence was reported by Warren Linton
and Scannell ' Thus the chmeal implicanons are
clear namely that the patients with heart duease
are those who are particularly likely to extubit em
bolic phenomena and conversely that the patient
who has a clinical picture of acute arterial embolism
will usually have heart disease due to myocardial 1n
farction atnal fibnllation % due to one cause or
another or subacute bactenal endocarditis with vege
tauons and thrombus formauon on the heart valves

With respect to the relauve frequency of emboli
caused by the major forms of heart disease, 1t 13 worth
noting that 1n most published series s4.100 1r¢ 217 (he
fibnilaung left atrium has been the source of almost
half of the total instances of embolizaton next m
mportance s myocardinl nfarction with  mural
thrombosis accounting for appioximately one third
of all emboli The third most frequent cause of
thrombus formation and embolization subacute bac
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terial endocarditis,’™* 1s of much less impot tance than
the fust two given, since this disease produces only
about 5 per cent of all emboli The remaining em-
boli arise from the various causes listed previously.
More recently, intracardiac surgery with thrombosis
around sutures or synthetic materals mserted to close
septal defects or for other puiposes has been noted
to produce emboli with some frequency

SITES OF LODGEMENT OF ARTERIAL
EMBOLI

The embolr arising 1n the left heait and elsewhere
may of course enter virtually any arteiy.100 16,16
They may involve the coronary arteries 1% 1% (onc
case ourselves), retinal vessels, cerebral vessels, those
to the upper extremity, visceial arterzes withmn the
abdomen, the aortic bifurcation, iliac arteries, femoral

TasrLr 3 Artertal lombolism, 1937-1953
Lmbolic Sttes—337 Embol

Site Emboli
Internal Carotid and branches 50 14 690
Upper cxtremity 59 17 5%
Mesenteric 17 509,
Aorta 30 9 0%
Thac 30 9 0%
Femoral 80 237%
Poplitcal 33 R
Tilnal 8 2104
Other® 30 007
T rem Arterstl

(From Wanien R inton ROR, and Scannell l (.
cibolisms recent progress  Ann Surgr, 140 311 1951
* Renal, splemsc retinnd, <hn
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artenies popliter]l arteries wnd mote distal poitiony
ol the arterial bed (Lable 3)  Lhus the possibility of
embolism should be considered 1n any patient who

AXILLARY—
45%
_~BRACHIAL
91%
AORTA——__
81% _~RADIAL

- 2%

Fic 55 The frequency of arrest of 330 penipheral embol
in different arteries 13 shown (Humovia H  Angiology 1
20 1950) Most emboli become arrested at a bifurcation
of the vemel concerned. The common femoral artery is
the vesel most frequently involved by emboli and femorsl
embolectomy is readily performed under local anesthesia.
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has sudden occlusion of the arterial blood supply to
an organ—and particularly 1if he has atnal fibrillation
or 1if an electrocardiogram indicates recent myocardial
mfarczon

The majority of penipheral emboli tend to become
anested at certam locations (kig 55) e bifurcation
of the femoral artery 18 1n all large series the most
common site of arrest of artenal emboli  Tlus ind
dence ranges from approwimately 25 to 40 per cent
of all emboli reported 8¢ 19 170

This clical fact 13 of great importance in the mn
agement of embolism since the femoral artery 15 read
1ly approached under local anesthesta with mimnumal
trauma to the already sc1rously 1ll panent Next in
order of frequency are embols to the upper extremity
the internal caroud artery and 1ts branches, the pop-
liteal artery the aortic bifurcation and the ilsac bifur
cation % 1% 111 Collected data are shown in Table 4

Mulﬁple lnd Rm‘cd El’nbou 18 r¢ 87 47 S0 101, 10T 148,
11t Ag g wellknown the patient with a mural
ventricular thrombus or one 1n the fibnllatng atrium
may undergo successful peripheral embolectomy at
one site, only to die abruptly of a second or third em
boluy to a vital center Nevertheless numerous re
porta in the lterature attest the fortunate fact that
patients may survive multiple embolr at a mngle loca
bon even at the aortic bifurcation e 1™ gand they
may also survive removal of emboli from different
vessels at the same time or at different umes All
four extreminies may be simultaneously or concur
rently involved by emboli? Tlus type of phenom
cnon 13 of course not surprising in view of the nature
of the thrombus mn the heart from which particles
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[ the embolus 1s not removed witlun a 1esonable
sertod of ume usunlly 1 relunely few hows throm
sosts will accur both proxinal wnd distal to the site
o[ anest of the embolus 1 many instances  If this
stoximal and distal thrombosis 1s sufficiently exten
mve successful operatine intenention m1y not be
possible  Fourth eventunlly the mmtima of the vessel
involved by the embolus and the surrounding throm
bosis may become seriously 1mpaned and even should
the embolus be removed these pathologic changes m
the intima may render subsequent thrombosis at thus
site ughly likely ind frequently negate the results of
embolectomy However 1t has been pointed out by
Shaw 1% that frequently the surrounding small vessels

DR

LIMCNENT OF eBOLLE LI O A
AND COLLATIRAL AXTERTY

ESE=Y

MLEF OF eI WTH EICOMOARY THROMSOSD) DEFTAL
PULVIRTEBAL STWPATHITIC BLOCK MO PACOMAL TO DROLLS

Fio 56 In addinon to occlusion of the main artemal
channel by the embolus, assocated arteriospasm and later
secondary thrombons further reduce the blood supply to
the part. Sympathetic nerve block may relieve arterio-
‘pamu  but only prompt embolectomy can restore flow
through the main channel and prevent or mimimize throm
bosls. (After Hamowidi reference 56)
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are not thiombosed i the piesence of an embolw,
and tlus factor 15 one which offers an opportunmy o
remove emboli and associated thiombosts by the ietio
grade flush technic even days followmg the mitial
embolism

The mechanism by which the often seveie vaso
spasm 1s produced is not entnely clem  While 1t may
be laigely a reflex type of vasospasm medhated via the
sympathetic nerve fibers, humoial substances such as
serotonm that may be hiberated seconday to embo
lism must be considered as possibly playing a iole
Since about thice-fourths of all clinically evident
arterral embolr lodge mm himb arteries, sympathetn
neive block has been extensively used to neat the
vasospasm 128 secondary to aiterral embohism In
studymg the collateral 1esistance m hmbs with ar
terial obstiuction, Doinhoist and Sharpey-Schafler ™
found a spontancous decicase m collateral resistance
within a mmute following acute occlusion of a4 nor
mal artery, and m one subject there was evidence that
the 1esistance continued to fall for a few days Tt was
found that sympathectomy was capable of causmg 2
considerable decrease m collateral resistance both m
acute and chionic occlusion, but m seven out of wn
cases mmvesugated this decicase was transient

If severe ischemia of a4 part is not 1ehicved, gangrent
will occor In decding whether or not to nwaent
sigically, one should 1calize that of gangrence of, <1y,
@ leg s permuted 1o occur, the resulting opt ration fo
amputanon of the exvennty will be more traum g
to the puient than will prompt caplonsion of
femoral amrtay unda local anesthesia
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DIAGNOSIS OF ARTERIAL EMBOLISM

The diagnosis of arterial embolism 7 * ™ 2 =2 23 &
™ 13100 13 usually made on the basis of the history
and phymical examinaton  Certain additional meas-
ures are of assistance of wlhich angiography 1s perhaps
the most important.}

Characterstically  the arrest of an embolus n a
major artery results in marked symptoms of which
pam may be the most stiiking Yet this does not oc
cur 1n all cases. In some patients there is a sudden
onset of numbness and coldness where an extremity
15 involved but no pain  In sull others the symp-
toms are of a progressive nature and only gradunlly
does serious pain with numbness and coldness de
velop A few paucnts apparently have a silent em
bolus 1n which no symptoms occur and here the e
dence of peripheral arterial occlusion may be discoy
cred only inadentally  In his senies of 330 penipheral
emboli Haimovic: % was able to :denufy the mode of
onset 1n 240 cases A sudden onset was noted 1n 81 2
per cent, of which 59 5 per cent had sudden pamn and
217 per cent had sudden numbness and coldness with
out mitfal patn A progressive onset was noted in
117 per cent of which 75 per cent had gradual de
velopment of coldness and numbness And in 57 per
cent the artenal occlusion was apparently silent. He
concluded that on the basis of these data arterial
embolusm would be suspected 1n 812 per cent of the
Gues or 1n about four out of five patients.

To recapitulate lollowmg sudden occlusion of 2
major artery to 1 hmb the patient usunlly first ex
peniences pain followed later by coldness numbness
and paller of the extremity collapse of the super
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ficial veins, eventual loss of motor function, and
finally ischemic changes which may progiess to frank
gangrene.

Physical examination reveals those objective findings
just mentioned, as well as absent arterial pulsations
distal to the level of the block The embolus 1s most
often located at the bifurcation of a vessel The
pulsations 1n all accessible arteries should be noted,
since emboli may involve multiple sites  Tloweser,
various peripheral pulses are at times absent n
otherwise normal persons ¥+ 1161 The possibility
of embolization should suggest cardiac discase, and
atrial fibrillation should be excluded Myocardial
infarction may have piroduced physical evidence of
heart failure, or fever, petechiac, an enlarged spleen
and hematuria may indicate subacute bactertal
endocarditis  An electiocardiogram may be helpiul

While as a 1ule the level of the arrest of the cm
bolus can usually be 1ather well outhned by appro
priate palpation for pulses, at tmunes arterial spasm
proximal to the site of arrest of the embolus may
be so severe that onc gamns the mmpression that the
occlusion is at a much higher level than 1t actualls
is This error can .also be made mtapreting
teriograms, sincce spasm or stagndant blond abosc the
lIevel of occlusion may 1csult n the apptarance of
occlusion at a more proximal level @0 In the occd

sional patient there may be dithculty 1 plpung
of cdem o, and n thes
help

anlhl,

at
L]

the pulses n the leg hecause
paticnts osalometty and angrography s D
ful Tt 1s to be 1ccalled that the abdonm
thae arterics and the supraclavicular portions of the
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subclavian rternis can be palpated in patients who
ae not excevsiiely obese

Lhe site of lodpement of the embolus 15 usunlly
Iugher than the level of the change in temperature
due to the collateral arculanon The change in color
occurs distal to the change in temperiture and olten
comnades with the portion of the extremity which will
become gangrenous tf the 1schemia 1s not amehorated
(Fig 57)

Chinfcal Pictures Further Comment.’®* The more
common clinical forms met 1n pertpheral artenal em
bolism are (1) emboltsin with matked ischermt and
carly death usually due to occlusion at the nortic
bifurcation (2) embolism followed by gangrene. Tlus

RLIAC A FEMORAL A POPLITEAL A
[AY 3
- o
TEMPERATURE
. CHARGE
e
rd
coLoR
- CHAMGE
-
N

Fio. 57 The levels at which temperature and color

changes appear respectively are dependent largely upon
the level of arrest of the embolus.
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is likely to be of the dry variety and may be obsene
in a few days following the onsct of the embohc epi
sode  (3) Embolism with marked ischemia which sut
sequently subsides, 1csulting m chiomc postenhoh
ischemia manifested by mnternmuent daudication, {1
marked embolism symptoms which subsequently sub
side, with no symptoms on exerase, and (3) silen
or asymptomatic embolism which 1s discovered b
chance, since the patient has been asymptomati
throughout 8

Differential Diagnosis

The climcal picture of acute arterzal embolism can
be closely mimicked by several other conditions ™

Venous Thrombosis 17! Simulating Arterial Emboliza-
tion. Acute venous thrombosts can resemble mierd
embolism to a remarkable degice  Waller '** reported
a case of venous thrombosis simulatng arterial em
bolism with major gangrenc  Alter amputation th
extienuty was carefully studied, and it was fonne
that the gangrenc of the leg had apparently been din
to sesere and contnued aitersal spasm in the presenee
of unsuspected thrombosis volving the fanorad v
The arteries through the extrenuty were patont S
lar reports have been made by Pringle™ Thomo
vier, ™ Idwards 22 and Ebel and his assocrates ™ Faun
tain and Taverner © reporiad gangrene i tluee Db
resultung from vanous occlusion

The severe arternal spasm cuned by il
thrombosts may resule i marked sehemna of theees
tremmty prior to the omct of swdllmy pamfessed by
edama which 1s so char tariste of vepons orchivn
When this severe schemes does precode e s r Hinge

L1 RS
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there is confusion 1eguding the dingnosis  Alter the
edemn due to venous occlusion i had time to occur
however there s much Iess Iikelthood that the venous
occluston will be nustaken tor artennl acclusion

Comvensely cute arterial occlusion may sunulate
venous occlusion  Denton?® 1eported a case 1n which
femoral embolism closely sunulated thrombophlebius
and the diagnosis of occlusion of the femoral artery
was made only after several days and then by arten
ography In his case diffuse cytnosis and coldness of
the entire left lower extremuty were associated with
moderate swelling and tenderness of the lateral aspect
of the left thigh  The left thigh was 3.5 inches larger
i arcumference than was the right.  Although the
mitia]l diagnosis was considered to be thrombophle
bitis with artenal spasm embohsm to the femoral
artery and arteriospum secondary to trauma were
considered as alternate possibihities  The present au
thor was assocrated with Benton in taking care of
this pauent, and one can attest that there was diff
culty 1n determining whether the primary fault lay
with venous or with arterial thrombosis or occlusion
A subsequent venogram demonstrated patency of the
venous system

Arterial Embolism vs Arterial Thrombosis  Another
problem in differential diagnosss 1s that of duistn-
guishing an arterial embolus from artenal thromboss
which has developed on the bass of an atherosclerotic
Plaquet e have found 1t very hard i some pa
tients to determine whether or not the acute vascular
occlusion was due to arterial embolism or whether 1t
was due to sudden complete thrombotic occlusion of
an artery which had been partially occluded by athero-
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sclerotic thiombus over a period of months o years
In fact, we have exploied pauents for suspected em
bolism only to find a very weak pulsation m the vee
sel and other cvidence o dnonic atherosderotic o
clusive disease of the terminal aoita and the comman
iliac arteries Unfortunately, when the patent has
had a recent coronary occlusion 1t 15 not always pos
sible to determine whether or not embolism has oc
curred or whether, by fortuitous circumstance, com
plete thrombosis of a pieviously partially obstructed
artery has occurted Nevertheless, 1t has been poimcd
out previously that most patients with emboli will
have cvidence of heart disease If such evidence
absent and if the patient is clderly, there is @ goad
probability that sudden thrombotic occlusion has ot
curred Warren and his associates ¥¥% iceported that
the origin of emboli was chnically evident m 865
per cent of their patients, and this fact was an mnipol
tant aid in differenuatng thromboss from cmbolism
\neurysms may become occluded by thrombus (Lig ),

Acute arterial thiombosis may devddop following
trauma to the vessels, or due to infection  IT 10 4p
patent that ganmene of the extramty s threatentd,
it is better to exploie for an embolus awd be in crios
than o omit operation and have to amputate fua
where such could have been avoided,

Ischemic vs. Neurologic Pamn, Patsents with it 1id
disease produang ischemia e often fust reforred o
a neurologist o1 o nemosurgeon One pracis of ourr
had heen traated for “nomins” pror o eomplere 1e
Ief of his pun by gore sigers, Gullttan and hs
associntes = reported a goup of arte gl oddnaean
that stmilated nourologee dinogders of the loser 0%



Embolism 261

Fic. 58 Thus arteriogram reveals complete occlusion of
3 poplteal ancurysm by thrombus Such thrombus an
grve off emboli to more distal vessels of the arteral bed
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tremities  Of course, 1schemia of the extiemities can
unquestionably 1esult 1n nerve damage, and this ma
be 1cflected in muscle atrophy—though the ischenia
of the muscles themselves can and usually docs pro-
duce such atrophy In one patient with late iliac em
bolic occlusion whom we ueated, the first ssmptoms
had appeared while he was sitting m a chan with his
legs crossed following what had been diagnosed as
an attack of “pancieatius”  The first manifestations
weie numbness and inability to move the extremity.
Pain occuried late and was never severe He subse
quently proved to have sustained a massive myocat
dial infarcuon, which explamed the source of the
embolus which oniginally had been thought to reprt
sent acute thrombosis  The physiaan attending him
at the tume of onset of the embolism had felt that e
was dealing with a major neurologic defict and, de
spite the coldness and pallor of the extremty, the pos
sibility of major mtenial occlusive discase was not
setiously considered until 1t was apparent that gan
grene was fa advanced )
Artertography # can be quite helpful in Jocahzing
the level of ocdusion, and O'Comncdl and iy asw
crates -7 have wsed the segmental plc!h\snm;ﬂdl’l'
However, 1 our esperience careful physical oxam
maton, with palpation for pulsatons above and bt
low the suspected lesad of mrcst of the ambolus, I
been adequate to provide us with suthoent informa
uon to peomt intellgent and dfconye operdng
interventon where this appadad 1o be md el

VANAGIMINT OF ARTIRIND IALOLT
t !)l

[he three Bisie probloms puose nted b e !
HE

nents vith aonte embolin are pnderlvne et
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case the thenia produced by the embolus and the
hzaid of subsequent emboli+ The management of
utenal C‘llll)ﬂll‘nl consists of consernvatine metsurcs
embolectonny and follow up bertment with ¢ view
to preventing subscquent emboly T ¥0 182 1 170

Conservative Measures

Conservatine  management$ § 4348 2 12 6,14 .
cludes approprniate measures aumed at treating the
underlying cardiac condstion wlich has produced the
embolus as well s the changes produced by the em
bolus atsedf  The decision s to whether consenatnve
or operative management 15 to be employed depends
upon the basic underlying disease the presence of
other related or unrelated disease the probable loca
uon of the arterial block the degree of 1scherma which
has been produced the time interval since occurrence
of the embolic episode and the factlitles available 1t
If the patient 1s 1n a hospital where arterial surgery Is
not performed and 1s in aritical condition every effort
must of course be made to gain a successful 1ssue with
conservative measures.

Once heart disease has been evaluated and treated,
forther considerauons in the general management of
the patient with acute arterial block consist of efforts
to improve the blood supply to the part. In the ex
treruty this will mclude paravertebral sympathetic
block to mimmuze artenal spmsm  Papaverne has
long been used to help relieve such spasm but 1t ap-
pears to be used less frequently now than previously
Priscoline may be helpful Hepannization should be
Instituted to reduce the degree of secondary throm
bons which may preciude the possibility of successful
embolectomy at a Jater date provided that the pa
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tient is too 1l to be operated upon at once  Olni
ously onc will not use antcoagulants 1f embolectom
15 plamned i the mmediate futme Fhe extemn
is lelt at 100m temperatuie and the apphation of
heaung pads 1s saupulously avoided.  Smoking should
be forbidden because of the vasospasm produced
The use of an osallatng bed o1 mtermuttent pres
suie changes " to provide passive assistance to bload
flow has long heen considered to be of value, but we
have not used 1t for a number of yeas It s ow
mpression that the use of such beds has diminished
constderably m the past decade I paraveitebral
sympathetic block 5220 proves eflicactous, continuous
spimal o1 neive block anesthesia may be used 100004
This method 15 1n many 1espects supetion to 1epeated
paravertebial blocks, since one cannot be sure of al
ways achieving an effectve block  Sinnlar anesthesia
for the upper extremiuty has been deseribedt Need
less to say, there s 1sh of hemorthage when blocks
are performed m conjunction with anticoagulant tha
apy 12 More rccentdy fibumolbysm has heen cmploved
in the tneatment of occhusive disease '

Ol these nonsurgical moasunes, parascrtebral som
]mlhclu black ov conumuous sprnal anesthesya, aml
anticoagulant therapy undar propo anommstanee,
have provad an our expenence o be the two mon
helpful measie avatlable for diminnlang the nahe
i follosnyg acute embolic ovddavion of s
teies 1t the o xtromsties
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CUmmOn]} uml proccdurc‘l 18 24 52 37 89 61 T2 TR T4 0T
2,0 100 132 137 133 144 10 Tt has been emphasized pre
viously that many factors enter mto the decision of
whether to perform embolectomy or to depend upon
consarvative measures 1n the given case  Morcover a
considerable experience with both the natural history
and prognosis of such patients in addition to techni
al profiency 1 artenial surgery 1s often required for
an optimal result. Obviously if sausfactory surgical
faalittes are not available conservative management
will have to be employed regardless of other denmid
erata  Nevertheless there are certain features which
are fmportant 1n selectng the type of therapy best
suited to the gnen pauent. Fist the sue of the
artery involved will have an important bearing upon
the selection of therapy Many patients with a sad-
dle embolus obstructing the bifurcation of the ab-
domunal aorta will die 1f embolectomy cannot be
successfully performed, but occlusion of the radial or
ulnar artery or of the anteror or posterior tibral
artery will not result 1n major gangrene or even in
prolonged disability 1n most patients Furthermore
the madence of successful removal of emboli from
small vessels is not nearly as good with large vessels,
other considerations aside.

Second when an embolus can be removed under
only local anesthesia even 1n a atically 11l patent,
this should virtually always be done to reduce the
siress produced by wchemua  In contrast, 1if spmal or
general anesthesia must be employed one may on
occanon consider exploration unjustified since the
patient may have a shightly better chance of surviving
if operation 15 not done. Fortunately the majonity of
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embol1 1mnvolve the extiemities, and femoral embolee
tomy under local anesthesia constitutes a very satislar
tory procedure  This 1s fa1 preferable to the shock of
amputating a gangienous extiemuty several days later,

Thus mature judgment 1s frequently called for in
determiming what cowurse of action 1s most likely to
achieve, fitst, a living patient and, second, a viable
and uscful extiemty It has been our ympiesion
that some surgeons are far too conservative in allow-
ing precious houts to pass before an embolectomy 1€
attempted. The golden ume for successful removal
of an embolus 1s within the first few hours followimg
its occurrence  After 12 or moic hows the formation
of secondary thrombus and perhaps injury to the ves
sel wall may well preclude the restoration of normal
pulsaule flow thiough the vessel involved  Therelare
it is wged that the patient’s total conditon be ¢l
vated promptly and a deciston he made 1egaiding
whether o1 not 1t appears to he feasible to priform
an embolectoms 1 the given casc I embolcanny
15 decided upon, 1t should be pa formed at the el
st feastble moment il the greatest chance ol st
is to be available to the surgeon

Lyen where embolectomy might once have been
feasible, 1t 1s of comse conttamdicated i poents whe
are votually monbund, and i those whae giguenc
of the exnamy v alicads L advanced

Pechnee of Lmholertops,

e de Ciths of emtholtctomy will o s yoary

conditg to the siee o swhach tie andsaldas oo beooms
artested, ot the gencral approac 1o the s leeoew

+
seennaf o veneder ot crre tinsg anner o fn bt
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ane uses suitable nesthesit local where possible to
expose the artery  The technic of femortl embolec
tomy the most common site 1t which major emboh
beconte arrested 15 shown m Figuie 59 Control ol
the artery 15 ganed both above and below the site of
occlusion using tapes or catheters or suitable non
crushing clwmps  The thrombus can usually be pal
pated through the vessel wall there s pulsation
in the artery above the point of occlusion and no
puisatton and a considerble diminution in the size
of the artery below the point of occlusion  The ves
sel below the embolus 15 occluded and a longitudinn]
masion 1s made directly over the most distal portion
of the embolus. Where one has 1 choice he should
place the masion 1n the main artery proximal to 1ts
bifurcation since closure of the larger parent vessel
13 less likely to be followed by thrombosis than would
closure of one of the two branches When the 1n
asion has been made the force of blood pressure from
above will usually cause the embolus to be flushed
rapidly out of the artery If 1t does not emerge 1m
mediately upon incision of the vessel 1t can be gently
dulodged with a suitable instrument. It 15 unportant
10 be certarn that no additional embolic material or
thrombus remains n the vessel following removal of
the main embolus  Furthermore as noted already
the artery should be occluded below the level of the
embolus to prevent the distal displicement of por
lons of the main embolus as 1t 11 being removed
The inasion 1n the artery 1s then readily closed using
2 continuous over and over or baseball type of sutch
of 40 or 50 arterial silk. If considerable artenal
$pasm is present one may 1nject 1 per cent procaine
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embol1 1nvolve the extremities, and femoral embolec-
tomy under local anesthesia constitutes a very satisfac
tory procedure This 1s far preferable to the shock of
amputating a gangienous extremity several days late

Thus matwre judgment is fiequently called for in
determining what cowse of action is most likely to
achieve, fitst, a living patient and, second, a viable
and useful extiemity It has been our impiession
that some surgeons are far too conservative in allow-
ing precious hows to pass before an embolectomy is
attempted The golden time for successful removal
of an embolus 1s within the first few hows following
its occunrence  After 12 or more howms the formation
of secondary thrombus and perhaps injury to the ves
sel wall may well preclude the restoration of normal
pulsatile flow through the vessel involved. Therclore
it 15 urged that the patient’s total condition be eval-
uated promptly and a decsion be made regarding
whether or not 1t appears to be feasible to perform
an embolectomy 1n the given case. If embolectomy
15 dectded upon, 1t should be performed at the carli
est feasible moment 1f the gieatest chance of success
1s to be available to the surgeon.

Even where embolectomy might once have been
feasible, it 1s of course conuaindicated m patients who
are virtually moribund, and in those where gangienc
of the extremity 1s aheady far advanced

Technic of Embolectomy

The details of embolectomy will of course vaty X
cording to the sie at which the embolus has become
arrested, but the general approach to these Jesons 18
siilar under most cncumstances, @ 3o I buek,
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one uses suitable anesthesrt lacal whete possible to
expose the artery  The techmc of femorl embolec

tomy the most common site 1t which major embolt
become arrested s shown 1 Figuie 50 Control ol
the artery 13 gamed both above nd below the site of
occlusion using tapes or catheters or suitable non
cushing clamps  The thrombus can wsually be pal
pated through the vessel wall there 15 pulsation
m the artery above the point of occlusion and no
pulsation and a considerable dimmuuon in the nze
of the artery below the pont of occlusion  Lhe ves
sel below the embolus 1s occluded and a longitudintl
masion ts made directly over the most distal portion
of the embolus  Where one has a choice he should
place the mncsion 1n the main artery proximal to 1ts
bifurcation since closure of the larger parent vessel
13 less likely to be followed by thrombosis than would
dosure of one of the two branches When the
asion has been made the force of blood pressure from
above will usually cruse the embolus to be flushed
rapudly out of the artery If 1t does not emerge 1m

mediately upon inaston of the vessel 1t can be gently
duslodged with a suitable instrument It 1s important
to be certain that no additional embolic matenal or
thrombus remains 1n the vessel following removal of
the mamn embolus  Furthermore as noted already

the artery should be occluded below the level of the
embolus to prevent the distal duplicement of por

tons of the main embolus as 1t 1s being removed

The inciston 1n the artery 1s then readily closed using
2 continuous over nd over or baseball type of stitch
of 4.0 or 50 artennal smilk. If considerable artenal
fpasm 13 present one may 1nject 1 per cent procune
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mto the adventitia of the artery for a distance of 3
centimeters both above and below the level of arrest
of the embolus. In our experience however satisfac
tory removal of the embolus with careful closure of
the artery has been followed by good distal flow and
contrnued pulsation where a subsequent emboliza
tion did not oceur  We do often heparmue the pa
uent when the wound can be effectisely driined but
with the passing of each vear we atc more 1nd more
convinced that careful arterial surgery 1s rewarded by
good distal flow without the assistance of either anu
coagulants or paravertebral sympathetic blocks 1n the
vast majority of instances  Needless to say extremely
meticulous hemostasis 1s essential if anticoagulant
therapy 1s planned

Late Embolectomy® ¢ 193 13 The natased ex
penience wath arterial surgery that has accumulated
m recent years has made clear the fact that frequently
one can successflully perform embolectomy far later
than had previously been thought. That 15 success-
ful embolectomy with restoration of essentially nor
mal arterial flow his been performed even several days
following the ongnal embolic episode  This 15 in
sharp contrast to the widely honored surgical dictum
to the effect that embolectomy must be performed
within 12 hours following the onset of acute arterral
occlusion,  In analyzing the climcal and pathologie
data which appeared to bear upon the possibility of
successful late embolectomy Haimovict ** concluded

mon femoral artery the force of the blood pressure from
above will usually expel the dot. The prosunal tape need
not be tightened until the embolus has been removed, in
most {nstances. The retrograde fush technic 15 also shown
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that the following aie especially important (1) per
sistence of an intima that is relatvely damage-ree,
(2) the nonadherence of embolus and sccondary
thrombus to the mntima, (3) a patent distal artersal
tree prior to embolization and (4) pretreatment with
anticoagulants Thus 1t 15 to be emphasized that
certain patients with peisistent and severe postembolhic
1schemic manifestations may still be arded by late em
bolectomy regaidless of the ume which may have
lapsed since the onset of the embolic episode, withimn
lrmats.

The Retrograde Flush Technic The 1etrograde
flush procedure, apparently first described by Lerman,
Miller and Lund,* has recently been revived and used
successfully by a number of workers #* This consists
of exposing the aitery far distal to the pomt of arrest
of an embolus, and by means of a catheter o1 cannula
flushing saline solution retrogiade to cause the em
bolus and associated thrombus to be forced upward
into the more proximal and thus laiger poirtions of
the artery, from which the clot 1s removed at the pomnt
of arteniotomy (Fig 59) By using this maneuver
has [requently been possible to 1cmove Jong segments
of thrombus which would otherwise have pxcclmlCd
successful embolectomy  This has considerably ¥
tended the range of successful operative mtervention

To be sure, simple renograde nulkmg 01 mMassige
of the artery ™ may assist i displacement of distal
embolus or thrombus backward to the site of artent
otomy Furthermare, some wortkers hne ‘LU(‘LCS\(\!"*
expelled o1 displaced thiombr i« proximal direction
by wrappmg the leg with an Esmaich toumqudd
from below upward, Additonal manenvoas include
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the wse of catheter suction withm the lumen of the
vessel to aspiiate clotted matennl - In general, we try
to avoid excessive mmpulation within the artery for
damage to the intima constitutes an 1mpoitant cause
of postoperatnve thrombosts

PROGNOSIS IN ARTERIAL EMBOLISM

Even under the most {1vorable arcumstances the
results of either conservtive (I1ble 5) or operitive
management of arterial embolism are frequently leas
satisfactory than might be expected  There are nu
merous reasons for this but the princpal ones are
the basic underlymng heait disease wlnuch the patient
has, the Ievel of the arrest of the embolus and the
arcumstances under which the pauent was treated
With respect to the Jast, a major factor in salvage of
the extrernity 1s the length of tume which has elapsed
prior to embolectomy when such therapy 1s indicated
and is employed. It has Ieen emphavized that there
may be muluple stmultaneous emboli 1o dufferent sites
in the body there may be embolization to 1naccessible
vessels such as the more distal portions of an mnternal
carotd or 2 coronary artery and subsequent emboli
7ation may occur days weeks or months following the
mtial one  When general anesthesia must he em
ployed for the removal of an embolus additional stress
18 placed upon a entically 1l] patient 1n many Instances
and this may prove fatal Too the removal of the
embolus from the artery may be followed by throm
bons at the arteriotomy site with subsequent gangrene
Heparin and dicumarol-like drugs can be used to pre
vent postoperative thrombosis, but this 1s not always
effective  Furthermore they impose the hazards of
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spontancous hemorrltage  In general the older the
pauent the less sausfactory are the results of embolec
tomy ** Patients who have embolism secondany to
rheumatic heart disease with atrial libnllation have
a better prognosis than those whose embolism is duc
to myocardhal mfarction or atherosclerotic heart dis-
case with atrral fibnllation and unquestionably the
experience of the surgeon performing embolectomy
13 an important factor i a successful outcome Of
course 1n some Instances 1t 1s not possible successfully
to remove the embolus regrdless of the techmic or
approach employed

Lmb Survival?™ In reviewing their cases Warren
Linton and Scannell *7 found that there was an 857
per cent Umb survival rate for surgical as opposed to
2 605 per cent rate for nonsurgical treatment in a
series of patients studied from 1987 to 1946 in a
second series studied from 1946 through 1953 these
figures were 88.3 per cent and 88.5 per cent respec
uvely Nevertheless, these workers pointed out that
one cannot conclude that nonoperative 1s more ef
fective than operative treatment for surgical removal
of the embolus was undertaken 1n 477 per cent of
the cases 1n the 1946-1953 sertes (Series 1) as opposed
to only 22 7 per cent of the cases 1n senes 1 which ex
tended from 1937 to 1946 Rather the inference was
that an carlier referral of the pauent to the hospital
with the resulting wide option on the part of the doc
tors to select the proper type of treatment had been
prevalent in the later period of study Thus an ex
tension of surgical management to a larger series of
cases had resulted 1n relegating patients not operated
upon to those with occlusions of relauvely mnor ar
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tertes The most important conclusion to be drawn
fiom this group was that, by ealy 1efenal, the num
ber of patients in whom it was possible to perform
surgery prior to meveisible changes in the cxuemity
was substantially increased

Mortality. The ovei-all mortality 1ate of thar pa
tients with arterial embolism to the hmbs b cated dur
ing the period of 1937 to 1953 was 306 per cent, 8
reported by Waiien, Linton and Scannel 77 This was
an average of the 35 3 pe1 cent mol tahity 1n the groups
studied from 1937 to 1946, as compaied with a 278
per cent moitahty 1ate in the group studied fiom 1910
to 1958 These workers pointed out that (1 cercbal
and mesenteric embolism occurring concomitantly
with that to the hmbs, (2) progiessne ympairment
of cardiac function due to myocardial infarction, and
(8) cardiac decompensation duc to valvular diseast
1ender patients with these complications pnmculﬂrly
vulnerable to subsequent and often [fatal eprsodes
(Table 6) The 1eduction 1n the mottahty 1ate from

TABLE 6 Canses of 67 Deaths® 1n 200 Patients with
Arterial Embolism 5

[
Cerebral Embohism 20 30 OE‘{
Cardiac Fatlure 19 28 ;éf
Mesenteric Embohism 11 16 4(,r
Myocardial Infarction 7 o S{-f
Cerebral and Mesenteric Cmbolism 1 ! 4;(
Pulmonary Embohiem 2 295

10 5%

Other** 7

IR Y ool o

¢ hospital admussion 1 AN

e e

e Onlv deaths ocarrmg on the sam
cmbohism are mchuded ,

e* Bactenial ondocandiis®, gastro wtestinl homorrhnge ' 4
pration yonutus touleetatne cohtis?, unknown : 1

(Trom Warren R Dmton, ROR, and Scannell, |G Artetht
cmbolism, tecont progress Anp Surg 140 111,105

4
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the first group to the second was attributed in part
to a shightly lower madence of cercbral and mesen
tenc embolism to a better condition of the patients
on arnval at the hospital and to a decrease 1n the
complications resulung from massive aschenma of the
lower hmbs

Limb Survival According to Embolic Site. In roruc
thac, and femoral embolism embolectomy 1s supenor
to conservative treatment. In other words the ina
dence of imb gangrene and the pauent mortality rate
tncrease in direct proportion to the size of the vessel
occluded  Thus the total salvage rate in aortic and
thac occlusion 13 less than m femoral and popliteal
occlusion  Warren and his nssoctates 77 found that
occlusion of the popliteal artery by embolism cumned
a better Immediate prognosis than occlusion of the
artery due to thrombosis or trauma since occlusion
by an embolus usually occurred distal to the origin
of collateral branches

Perhaps the most important conclusion to be drawn
from these data is that regardless of how opumal the
therapy 15 the mortality rate among patlents with
major arterial embolism 1s sull disturbingly hugh and
the late salvage leaves much to be desired. In Haimo-
vici 8 3 survey of 330 unselected cases of embolism of
the extremites a total of 61 out of 128 untreated and
conservatively treated cases died 1n the hospital a
mortality of 476 per cent. The surgically treated
cases showed a mortality of 51 7 per cent, a rate only
slightly above the medically managed cases Never
theless 1t should be realized that surgical therapy
doubtless was used 1n patients who were otherwise not
expected to survive major artenal occlusion  Such
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figures merely emphasize the mmportance of individ
ualization of cases with respect to therapy

In dlscussmg the results of direct arterial surgery as
compared with medical management of patients with
arterial embolism, Shumacker and Jacobson % e\
pressed the opimion that there was little merit m tr)
Ing to compare such gioups Those operated upon
were considered generally to include only patients
with eminent thieat of gangrene, as was true of all
but three of their cases, or marked ischemia with rest
pain and anesthesia In the group not operated upon
there was a high proportion of patients who werc
either admitted to the hospital late with well-estab-
lished gangrene or who had promptly undergone spon
laneous 1mprovement 1n cuculation to such a degice
as to make 1t evident that the Iimb had an excellent
chance for survival undex any circumstances A T¢
view of then cases resulted 1n the conclusion that the
over-all results were much better 1n the patients who
were operated upon than in those who weic not,
where similar degrees of ischemia existed It was be
lieved that the mortality n patients with embolism to
the ao1ta and peripheral vessels, excluding only thost
with embolism to mteres supplymg the bram and
viscera, was related to the age of the patient and o
the undeilying discase  The mortality 1ate was ap
provimately twice as gicat i patients over the age of
60 as 1 those younger Ihe mortality was relanseh
small i patients with sheumatic heart disease b‘lll
considerably higher 1n panents with myocardial in
farcuon, artenosclerotic heart disease, and hyperten
sive cardiovascular disease It was agam emphasire d
that the results of embolcctoms are better the carher



Embolism 277

the embolectomy {5 carmed out and that following
embolism the sunvval of the lunb s pimarly de
pendent upon the picsence » absence of propagating
thrombus 1n the artenal tice.  Shumacker and Jacob-
son ' as wcll as others 17 have emphasized the fallacy
of the sense of marked optimism which appears to
exist among many physictans concerning the prog
noss 1n cases of embolism to the main artenes of the
upper extremity In the group not treated by em
bolectomy there were four cases of brachial one case
of axillary and one case of subclavian embolism  Am
putation was required 1n four of the six pauents 2
fifth patient died but with apparently satisfactory cir
culattion  Shumacker and Jacobson ' achieved an
overall sunvival rate of limbs of 79 per cent as com
pared with 838 per cent reported by Warren and
his associates ' and 585 per cent reported by Dye
and his colleagues.” Haimovical ™ reported a hmb
survival rate of 48.2 per cent but his cases were per
haps more comprehensive in scope and were unse
lected.

The late results of arterntal embolectomy were as-
sessed by Goldowsky and Bowen * on the basis of 46
operations performed on 42 patients over a period
of 11 years The overall operative mortahty for
penipheral artenial embolectomy was 87 per cent.
The chances of surviving the first embolectomy were
619 per cent The chances of surviving the first
embolectomy and living three years or longer were
444 per cent. The chances of surviving the finst em
bOkCt-omy and living five years or longer were 40 per
cent. They emphasized that the imtial hugh mortahity
rate still constitutes a serious problem though the limb
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salvage 1ate has impioved and 1s generally satsfacton
It was believed that long-term postopeiative anticoag
ulant therapy, first with hepaim and later with ol
dicumarol, had been definitely benelicial

Prophylaxis Against Subsequent Embol

Inasmuch as the late results of embolectomy arc
frequently poor due to the fact that subsequent and
fatal embol1 occur, 1t 15 of the greatest importancc to
explore means by which subsequent embolr can be
prevented The use of quiidme to control atnial
fibrillation 8 and other prophylactc measuies havt
been somewhat disappointing

Operative Measures Ior a time there was constder-
able interest in the excision of the atiial appendin
patients with atrial fibrillauon who had thiown cm
boli to various arteries,’?: % 10212 for paticnts with
this condition commonly cxhibit embolic phenow

ena before, during o1 following mitral commissuro!
Omy.“v”' 49, 61, 53, 66, 75, 113 121,1¢8  JJowever, It 1% our
ppendiy 1n
bolr 15 Jess
A8

impression that exasion of the atrial 4
fibrillaung patients who have thrown cm
commonly employed at the present timc than 1t
several yeais ago .Acute bactenal endocarditis 15
comse treated with both massive antibiot tharapn
and anticoagulants, with a vicw to both aning the
infection and dimunishing the numbar of cinholt
Myocardial nfarction with mural th1ombosis, with
or without ancurysm of the ventnele, 19 it ied
cording 1o the given case It s of maat 1o ot
that a number of ventricular ancurysme hae now
been successfully gesccred med the defedt closed, with
subscquent improvement e the carcion monl i ot

of



Embolism 279

tion of the patient. Such ventncular ancurysms**
commonly contarn considerable amounts of clot which
may give rise to emboli at any ume  \ncurysms of
the aorta—whether fusiform saccular or dissecung in
type—may give nse to emboli  These mny or may not
be suscepuble to surgical management. A cervical
nb which 15 producing thrombosis with distal emboll
zation of parts of the thrombus 1s managed according
to the method best suited to the given case

Long Term Anticoagulant Therapy 198 117 119 19 Pro
tracted anucoagulant therapy to prevent embolism
has been employed for some years* # % and Wood
and Conn ' have reviewed {ts use in chronic rhieu
matic heart discase. Seven unbulatory cltmie patients
with mitral stenosis and chronic atnal fibrillaton
were deseribed who had previously had systemuc ar
terial embolism  They had been mamntaned on anti
coagulant therapy for periods ranging from 20 to 48
months without a defintely established subsequent
embolsm  However one patient had had an episode
of confusion and apparent slight right sided weakness
which had cleared quickly but which the authors
believed had probably been due to a small embolic
eplsode

Certainly it has been established that anticoagulant
drugs can be adminustered to the ambulatory pauent
over long penods of time without prohibitive nisk of
hemorrhage  Such hemorrhage does occur however
and we have treated a patient who developed a large
fetroperitoneal hematoma that was believed to rep-
reent 2 ruptured abdonunal aneurysm but which
Proved to be a massive hematoma apparently second
ary to a long acting heparin like compound which he
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Wwas receiving as tieatment for a mild attack of hemn
plegia sustained some weeks earlier Thus the over
all experience suggests that prolonged anticoagulant
therapy does provide significant protection agamst
lecurrent embolism and within the Iimuts of accept
able therapeutic 11sk

EMBOLI TO SPECIFIC ARTERIES
FURTHER COMMENT

Internal Carotid Artery. The internal carotid artery
and its branches were the site of 50 (14 69,) of %‘%7
embol1 reported by Wanien, Linton and Scannell ™
Haimovic 50 repoited an 1incidence of 3! pa cent
mvolvement of cerebial arteries i 147 visceral em
boli (which excluded emboli to the extremitics)
Therelore 1t 15 clear that the cerebral vessels dre n
volved 1n a very constderable percentage of artenal
emboli  Should carotid m terrograms disclose obstruc
tion at the caroud bifurcation, an effort should be
made to remove the embolus, though attempts to ¢
move cerebral emboli have not been compmmusl)
successf{ul] '

Emboli to Arteries of the Upper Extremity.t¢ Tht
mdnagement of emboli to the aiteries of the uppt!
extremity has been touched upon previously and h‘L
shall only repeat that such emboli me far from be
nign Approxmmately 175 per cent of 357 cmbol;
reviewed by Waren and his assocrates ¥ lm'“]‘“l
the arteries of the upper extiemity  Shumacker ant
his associates 7 and othars have emphasized the fu:
that such emboli frequently 1esult m gangrenc
that they should not be looked upon as benien ‘”‘?
of arterial occlusinng following which most Jimbs my
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be expected to survive without serious residual ische
ma  Furtheimoie emboli to the upper cxtremity
ne paruculmly accesible 1o removal under lowal
ancsthesia espeantly those distal to the clvacle
Most of these arteries are readhly exposed under local
anesthesia uang short longitudinal masions directly
over the vessel Therefore they should be removed
promptly to restore normal blood flow through the
arm.  We have weated a number of patients n re
cent years who had sustained occlusion of arteries of
the arm with subsequent relatne ischerma  They
had either mteinuttent claudicatton on exercise of
the arm or actual gangrenc lor wluch amputation was
required  The value of cervical sympathectomy 1n
patients 1in whom normal pulsatile flow cannot be
restored through successful embolectomy should be
bome in mind. It 13 true of course that the col
lateral blood supply of the upper extremity 15 ex
tensive, and this limb 15 more likely to survave an
embolus than are portions of the lower extremuty
following occlusion of the artery 1t important levels
The acclusion of the brachual artery below the origin
of the profunda branch 1s less serious than occlusion
of the brachral artery just above the offtake of this
important collateral supply »

Visceral Arteries Within the Abdomen® Emboli to
the celiac, superior mesentenc,® ** and renal arteries
are not rare  Shaw and Rutledge 1% reported a su
perlor mesenteric artery embolectomy 1n the treat
™ment of massive mesenteric nfarction. A prompt
Operation and exposure of the superior mesenteric
arteries should be followed by successful embolectomy
'R many instances. Miller and DiMare '3 reported
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was receiving as treatment for a mild attack of I
plegia sustained some weeks earlier. Thus the
all experience suggests that prolonged anticoagl
therapy does provide significant protection ag
recurrent embolism and within the Iimits of ac
able therapeutic risk

EMBOLI TO SPECIFIC ARTERIES
FURTHER COMMENT

Internal Carotid Artery. The internal carotid a
and 1ts branches were the site of 50 (14 6%) of
embol1 reported by Warren, Linton and Scanne
Haimovici 5 reported an incdence of 34 per
involvement of cerebral arteries 1 147 visceral
boli1 (which excluded emboli to the exticmil
Therefore 1t 1s clear that the cerebral vessels arc
volved 1n a very considerable percentage of arl
emboli1  Should carotid arteriograms disclose obst
tion at the carotid bifurcation, an eflort should
made to remove the embolus, though attempts td
move cerebral embol1 have not been conspicuo
success{ul )

Emboli to Arteries of the Upper Extremity '
management of emboli to the arteries of the up
extremity has been touched upon previously and
shall only repeat that such embol are [ar from
nign  Approximately 175 per cent of 337 eml
reviewed by Warren and his associates ™ invol
the arteries of the upper extremity Shumacker @
his associates 1% and others have emphasncd the {
that such embol1 frequently 1esult n gangrene d
that they should not be looked upon as benign st
of arterial occlusion following which most Iimbs 1
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be expected to survive without serrous residunl 1sche
mia  Furthermote emboli to the upper extremity
ae parncululy accessible to 1emoval under lodal
anesthesin  espeaally  those distal 1o the dwacle
Most of thee attenies e readhly exposed under tocnl
anesthenia using short longitudinal masions directly
over the vessel  Therefore they should be removed
promptly to restore normal blood flow through the
arm. We have treated a number of pauents in re
cent years who had sustained occluston of arteries of
the am with subsequent relative ischerma  They
had esther internuttent claudication on exerase of
the arm or actual gangrene lor which amputation was
requred  The value of cervical sympathectomy 1
pauents in whom normal pulsaule flow cannot be
restored through successful embolectomy should be
bamne in mind. It 1s true of course that the col
lateral blood supply of the upper extremity 1s €x
temive and this limb 1s more likely to survise an
embolus than are poruons of the lower extremity
following occlusion of the artery at important levels
The occlusion of the brachial artery below the origin
of the profunda branch 1s less sertous than occlusion
of the brachial artery just above the offtake of this
important collateral supply *

Visceral Arterles Within the Abdomen.® Emboli to
the celiac, superior mesenteric,® ™ and renal arteries
are not rare  Shaw and Rutledge % reported a su
Perior mesentenic artery embolectomy m the treat
ment of massive mesenteric infarction A prompt
operation and exposure of the superior mesenteric
arteries should be followed by successful embolectomy
in many mstances ANller and DiMare 1 reported
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a successful case of superior-mesenteric-aitery embolec
tomy and small-bowel resection with 1ecovery Theie
fore, the previous piactice of simply resecting obvi
ously 1schemic howel, with 1esultng small-bowel
mnsufficiency, should be abandoned where possible, in
favor of an earnest effort at re-establishing an ade
quate pulsatile blood flow through the superior mes
enteric artery by embolectomy and removal of ad
jacent thrombus

Kaiser and Ross %7 reported total renal infarcuion
from bilateral arterial emboli To be sure, the hid
neys are very commonly affected by embolization,
particularly in association with the vegetations of
bacterial endocarditis In fact, the findmg of red
cells 1n the urine, reflecting emboli to the kidneys
with infarction, 1s one of the common manifestations
of endocarditis In addition, embol1 from thrombus
are frequently dislodged into the renal arteries in the
course of thromboendarterectomy for lower aortic 0¢
clusive disease due to atheromatous material  We
1outinely palpate the renal arteries following com
pletion of the proxmmal anastomosis after an anct
rysm has been resected just below the renal ai terics,
to be certain that no thrombus has been displaced
mto the renal arteries Embolization to the hidney
can produce hypertension 1%t Renal infarction fre
quently results in pamn n the flank

The Aortic Bifurcation and the Ihac Arteries.
77, 07, 114, 118, 131, 134, 145, 168, 161 Approxnmatcly 9 pcr cent
ol peripheral arterial emboli become an ested at the
aortic bifurcation Furthermore, this massive ohstruc-
tion to blood flow represents a physiologic circum
stance which will not be tolerated by most mdviduals

on, 21, 27,
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and will often terminate 1n death unless 1t can be re
lieved surgically  The approaches by means of which
aortic embolectomy mny be accomphished are shown in
Figures 59 and 60 One may elect erther to approach
the aorta through a retroperitoneal or a direct lower
abdominal und hine 1ncsion or he may use a wmore

LANNO

Fic 60 The loner aorta 1s perthaps best exposed through
2 mud line abdominal 1nasion bearing 1 mind that the
bifurcation of the aorta 1 at approximately the level of the
umbilicus. The use of a Lahey bag for retrction of the
tmall bowel 1 recommended. Lither a Satinsky damp as
thown or a verucally applied Crafoord clamp 1 satisfactory
for control of the aorta proximal to the embolus at the
bifurcation
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conservative exposure and attempt to 1emove the em
bolus from the bifurcation of the aoita by passing
catheters up each femoral artery, through which the
embolus 1s aspirated The latter was the prefeired
approach for many years, but was later superseded by
the direct transabdominal approach Moie recently,
however, the bilateral femoral approach has been re
vived by Willman and Hanlon 82 They regarded ths

3( \
N ANR
i/ )
/ 0 ’\("

7

F1c 61 Saddle emboli of the aorta can at times be IC
moved satisfactorily under local anesthesia using a rcm]r
grade femoral approach Exposure and occluston of cach
femoral artery 1s required to prevent dislodgement of em
bolic material into more peripheral arteries

ao1tic embolism and

approach as a safer operation for ol
1¢5 DY

reported four consecutive successful embolectom
way of the femoral arteries under local ancsthesid
Since patients with recent myocardial infarcuon and
mual thrombosis are in especially poor physical con
dition in many nstances, the possibility of using only
local anesthesia to approach the embolus !hrough‘lhc
femoral aiteries [rom below 15 ceirtamnly nppcfﬂl"g
Unfortunately, 1n om expenence this procedure 19.110[
always satisfactory and one must then give the patient
cither spinal or general anesthesia and explore the
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abdomen after all  Tlns second explortion has usu-
ally followed 1 considerable period of time during
which attempts were made to remove the saddle e
bolus from below  Yet conservatist m such pauents
has much to recommend 1t, and these authors have
made a good case for reexamination of the femoral
approach. In performing aortic or other embolec
tomy 1t 13 1mportant to occlude the vessels below the
site of arrest of the embolus to woid distal emboliza
tion as the embolus is bemng removed The use of a
Lahey bag?®: for small bowel renracuon faclitates
transabdominal exposure (Fig 60)

The Femoral Artery The femoral artery is the site
most frequently nvolved by embolr  This 1s a for
tunate arcumstance since the femoral artery 1s readily
approached under local anesthesia and femoral ar
terial embolectomy is truly a simple procedure. The
technsc 13 shown i Figure 59 and little further dis-
cussion 15 required.  Suffice 1t to say that a saddle
embolus at the bifurcation of the femoral artery 1s
very likely to result 1n gangrene of a portion of the
dustal extremity unless successful embolectomy 1s per
formed It is far preferible to remove the embolus
under local anesthesia subjecting the pauent to very
little operative stress than 1t 15 to have to amputate
the leg later 1 a patient whose condition has deter
lorated sull further

The Popliteal Artery Considerable emphasis has
been placed recently on vigorous attempts to reheve
sudden occlusions of the popliteal artery by operative
intervention  Roberts and Davis 1 reviewed this
problem and reported seven cases of acute popliteal
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and Knowles #¢ have emphasized the anterior tibal
syndrome due to such arterial embolism and tlnom
bosis  Ischemic neciosis of the muscles of the an
terior tibial compartment had been a notable finding
i the group of patients which they 1epoited

Summary and Conclusions

1 Aiterial embolism constitutes a seirious clinical
problem which often 1esults 1n loss of limb o1 Iife

2 Particles of thiombus account for the overwhelm
ing majority of arterzal emboli, but other substances
such as air, fat, atheioscleiotic plaques, tumor cell
masses f1om the heait and metal projectiles may also
enter the systemic aiterial tree.

8 Most arterial emboli anse in the left side ol the
heart—atizum, mit1al valve o1 ventiicle—but they may
also arise 1n association with various types of aneu
rysms, cervical 11b compiession, arterial trauma with
thrombosis, ao1tic smgery, intia-caidiac surgery, and
from venous clots which pass through atial ot ven
triculm septal defects

4 Vntually any aitery of the body may be the site
of arrest of an embolus. The madence at different
sites has been presented, the femoral aitery being the
one most frequently involved Emboli may be mul-
tiple or recuirent, and repeated embolization to the
same site is not 1aie

5 The ischemia produced by the lodgement of an
embolus 1s due to occlusion of the mamn artersal chan-
nel, associated spasm ol the main and collateral ves
sels and, later, secondary thrombosis provimal and

distal to the embolus ,
6. The diagnosis of arterial embolism rests largely



Lmbolism 289

upon the lustory assoaated evidence such as that of
heart disease which might explain the source of an
embolus and the physial findings of 1schemit of the
mvolied part. Astenogiaphy 1s hielpful upon occa
ston but 1 wually unnecessary  The condition must
be differentiated from acutc arterial thrombosis acute
venous disease and nenve lesions

7 The management of artenal embolism includes
treatment of underlying heart disease relief of sche
mia and prevention of subsequent emboli  The con
siderable mortality assodated with arterial embolism
18 due largely to heart failure, to the immediate stress
of the current episode of ischerma and to subsequent
emboll.  Conservative measures are outhined Em
bolectomy under local anesthesia s usually a saus
factory procedure when arteries to the hmbs are n-
volved. Even saddle emboli to the aorta or ilac ar
teries can be so removed 1n a retrograde fashion umng
a bilateral femoral approach Techmos of embolec
tomy are described The vast majority of emboli 1n
volve peripheral vessels though the coronary arteries
and those to abdominal viscera are involved upon
ocanon

9 The prognosts for limb survival mn artenal em
bolism is good (approximately 75 per cent) under ex
penienced management, provided that treatment can
be instituted promptly The acute episode with asso-
aated problems carnes an over all mortahity rate of
approximately 35 per cent.

10 Longterm prophylactic anucoagulant therapy
1 only parually effecive in prevenung subsequent
embolr
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Traumatic Injuries

RTERIAL 1njuries have challenged the best ef
forts of surgeons down through the ages  An

important segment of the medical hstory of
each war has been devoted to an analysis of the ina
dence and types of arterial mjunes and to the ampu
tatron rates associated with the interruption of arteries
to the extremities.! ? 10 % 2 But although the rec
ords of the sucecasive major conflicts have reflected an
increasing preoccupation with the study and improve
ment of methods designed to treat artenal trauma
more effecuvely by restorative surgery ** = 1% 1t was
not unul the recent horean War that immediate re
pair by direct suture was widely performed under field
conditions The success achieved with this prompt
restitution of arterial continuity has revolutionized
the management of arterial 1njuries not only in battle
casualties but 1n avilian life as well
In this final chapter the incidence types compl
cations diagnosis and treatment of arterial injures
will be presented as follows

I Historical Constderations
A General Comment
B Amputation Rates in Wars Prior to 1950
C. The Korean War Expenence
305
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II Types of A1terial Injury

A. Contusion with Spasm and/or Thrombosis

B Simple Laceration with Incomplete or Com-
plete Division
Loss of A1teral Substance
Aneurysms—True and False
Arteniovenous Fistula
Causalgia
II1. Diagnosis of Artenal Injuries
IV Management of Arterial Injuries

A General Considerations

B Specfic Types of Injury

S EDO

HISTORICAL CONSIDERATIONS
General Comment

Injuries to major arteries are frequent in warfae,
but they aie not uncommon m civihian hospitals to
which trauma cases are referied  The madence of
major artertal wounds among battle casualties in the
Crimean War (185 1-1855), American Civil Wa (1861~
18G7), Russo-Japancse War (1901), World War T (1911~
1918), and World War 11 (1911-1915) was on the ordel
of 1 per cent 2 Morecover, the frequency of mjuncs to
particular arteries and the amputation rates 1esulting
from mjuics to various aiteries were remarkably con
sistent  throughout the varous conflhicts up 10 thr
Amenican espenience in the Korean Wa

Amputation Rates in Wars Prior to 1950

Unbike the patient with a simple kmfe Tworanon
of & vosdd that may he enenuntered an civilran prra
tice, the woundod soldia may have not only an o
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tensinely damaged artery but also major bone muscle
and nene damage which renders arterial reconstruc
uon futite* TIn discussing reasons why the most
meticulous and careful arterfal surgery could be suc
cessful 1in only 1 reltinely small percentage of ex
tremuty injunes under conditions of warfare DeBakey
and Simcone ** pointed out tn an analysis of 2171
cases of artenial injuries 1n World War II that 686
per cent of the amputauons had to be performed for
massive trauma 19.5 per cent because of vascular in
Juny per se and 11.9 per cent for infections such as
clostridial myosits and other types of bacteral in
vasfon  Massive solt tssue destruction n association
with arterial trauma 1s not common n avilinn life
since the njury has usually been wnflicted with exther
a2 relatively low veloaty bullet or with a sharp object
such as a knife  Vloreover 1nfection 1s much less fre-
quently a sertous problem 1n such avilian injuries
The amputation rates recorded following traumn
to individual major arteries prior to the horean War
are shown n Figure 02 In addition to the different
rates for amputation which followed injury to specific
arteries numerous other factors entered 1nto the de
cusion of whether or not amputation had to be per
formed 1n the given case These factors included
shock the magnitude of other mnjunies as discussed
previously the delay mvolved 1n getting the pauent
to surgery ** associated infection and other problems
Nevertheless with these other varables in mind ¢
1 worth examinmg the madence of amputation
which follows Ligation of a given major artery  Such
nformaton 13 of assistance 1n the selection of op-
tmal treatment for an artersal injury where several
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INGIDENCE OF AMPUTATION FOLLOWING WOUNDS OF THE
ARTERIES OF THE EXTREMITIES

TOTAL CASES

BRACHIAL {TOTAL) AU(I?C:IC:II
| CXPLRILN

SUBCLAVIAN 20¢ MTISH ww 1

CXPLRITNCT

RADIAL AND ULMAR

AXILLARY

EXTERNAL ILIAC

COMMON ILIAC

FEMORAL (TOTAL)

ANTERIOR & POS. (324
TERIOR TIDIALS A

POPLITEAL

o
PIRCINT AMPUTATIONS

Tw. 62 ‘lhere 1s « notable sumlarity mm the rates Je
corded for the different conflicts (Do Bakes, M1 amd
Simcone, I' A\, \nn Surg 123 531, 194G)

factors must be considered, once would accept some
what more operative 11sk 1n 1eparring an artery \‘\hﬂjf
occlusion would lead to gangiene of the extramity an
a ligh percentage of cases than he would for the re
pair of an artery whose simple hgation would result
m gangrene m a low percentage of cases  Howcrer
the modern concept of arteral management 1s to re
store pulsatile flow through all but the sery small
artenes where this can be .1((mnpli<hcd without pro
Iibitinve 1ok to Iile Tigure 62 shows that m the » >
mdicated, myury 1o the brachial arery was assor iated
with an amnputation rate of 261 pa cont In contrst,
mpmy to the pophteal arrary s assocrateed with an
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amputation rate of 725 per cent  Injury nd occlu
sion of blood flow through other arteries of each ex
tremity were associated with mtermediate percentages
for ampuauon rates  Incadentally 1t was in the pni
mary repatr of popliteal artenal injuries that the ad
vances 1n the recent horean War were so striking the
amputation rate for popliteal artery injuries being
reduced to 32.4 per cent when the vessel was reparred
as compared with 727 per cent for those ligated.®?
Relation of Treatment Time Lag to Amputation
Rate  As with other types of artenal disease par
ticularly embolism  the ume which clapses between
the onset of ischemua due to mterruption of pulsatile
arterial flow and the ume of operative correction
has a sigmificant effect upon the amputation rate.
For example, in the American experience 1 World
War II it was found that the amputatton rate for
casualties reaching surgery widun ten hours {ollow
ing injury was 367 per cent for those reaching sur
gery 1n the period from ten to 20 hours 488 per
cent, and for those coming to surgery after 20 hours
630 per cent **  These figures were of course collected
prior to the large scale and successful efforts at arterial
repair that were developed 1n the horean War  The
higher amputauon rate following injury to a given
artery because of greater delay in bringing the pauent
to operation was due to prolonged shock which of
course intensified the 1schemia of the extremity whose
main artenal blood supply had been interrupted to
Increased 1nfection due to delay in debridement of the
wound and to the general deterioration 1n the pa
tients condiuon due to prolonged exposure and 1n
adequate treatment—factors previously menuoned
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It will be scen subsequently that the tvpe of dam
age to an airtery also has an mportant bearmg upon
the therapeutic results achueved  Simple Taerations
that me 1cadily acpancd we aswocated with
lower madence of gangiene m both mditny and
avilian practice than ae extensive aiternal contu
sions which 1esult in thrombosis of not only the mumn
arterial ttunk but of collateral bianches as well
Wheieas the simple laceration may be easily sutured,
the thrombus that has propagated in both a prosimal
and distal dinection fiom the site of mjury may not
be removed completely  Other types of atenal dan
age with 1esulung spasm and related phenomenit o
cupy an mtermediate positton v the frequency with
which they 1esult m amputaton.

The Korean War Experience

The statisucs gathered 1egmding the 1csults of
management of aitertal mjuries 1 wats prior 10 the
Korean W, induding World War 11, werved as a
aluable baselme agamst which o compaie the sub
stantial advances brought about by the application
of direct artenal sutme methods ' in the korean
War.  The 1esults acdueved of course refleeted e
mtense preoccupaton with cardiovascular surgeis i
general which had developed shortly Tollowang Waorld
War 1T 1he modan knowledge of gl phvs
ology, methods of sutwme, mstommentation deseloped
speatfically to permat gentle huandbling of artenies, anid

mcreascd unders the techmca] roquiremests
Nnecessary 1o pe m ol artexsal flow b were
aalable o » vt elheat

the apphcatio ) (FURETL
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g the horean confict  The demonstration on a
relauvely large scale that artenal repair could read
ily be performed under field conditions ¢7 1t with ex
cellent results led to prompt adoption ol artenal re
construction technics in cvilian hospltals throughout
the United States with cqually graulying results
Within a decade 1t has become rare that simple hga
tion of a major arternl trunk 15 justtfied—for etther
transy erse suture repair of an incomplete lacerrtion or
dunect anastomons of a divided vessel or the insertion
of a prosthesis to brudge the gap left by the destruction
ol a considerable amount of the artennl tssue can now
be done  This advance in the techmical aspects ol
terial sutgery will be further enhanced by sulsequent
advances tn tlie general supportise therapy of pents
in the management of {ractures and solt tissue healing
and 1n the control of mfection

TYPES OF \RTERIAT INJURY

The various types ol injury which may be inflicted
upon major artertes will be discussed 1n some detail
subsequently but a few comments regarding the ana
tomic and functuional defects that may be produced
(Fig 03) are 1n order here  Most of the lesions to be
conuidered will have been produced by blunt trauma
glass or knufe or gunshot wounds Although other
insults such as cold 1njury nd electrical burns are 1m
portant these formns of arterial trumt wall not be
reviewed here

Contusion ot an artery my be followed by severe
arterial spasm ** ™ ™ with or without thrombosis,
Thrombosis 1s a particularly serious complication for
1t may result 1n occlusion not only of an extensive
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It will be seen subsequently that the type of dam
age to an artery also has an important bearing upon
the therapeutic 1esults achieved  Sunple lacerations
that ae readily 1epaned ae associated with a
lower 1incidence ol gangiene i both militay and
civilian practice than are extensive arteiial contu
sions which result in thrombosis of not only the main
arterial trunk but of collateral branches as well
Whereas the simple laceration may be easily sutured,
the thrombus that has propagated in both a proximal
and distal direction from the site of injury may not
be removed completely Other types of arteal dam
age with resulting spasm and related phenomena 0t
cupy an intermediate position in the frequency with
which they result in amputation.

The Korean War Experience

The statistics gathered regarding the results of
management of arterial injuries in wars prior to the
Korean War, including World War II, served as a
valuable baseline against which to compare the sub-
stantial advances brought about by the applicauon
of direct arterial suture methods n the Korcan
War The results achieved of course reflected the
intense preoccupation with cardiovascular surgery in
general which had developed shortly following World
War 11 The modern knowledge of arterial physt
ology, methods of suture, mstrumentation dcvc]opcd
specifically to permit gentle handling of arterics, and
increased understanding of the technical requirements
necessary to permit restoration of arteria] flow all werc
available to the surgical teams which were to effect
the applhication of this accumulated hnounledge dur-
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tng the horean conflict  The demonstration on a
relatively large scale that arterinl repur could read
tly be performed under field conditions * 1 with ex
cellent results led to prompt adopuon ol artenal re
construction technics 1n civtlian hospatals throughout
the United States with equally graulying results
Within a decade 1t has become rare that sunple higa
tion of a mjor artenal trunk s justified—for either
transierse suture repur of an mcomplete laceration or
direct anastomosis of a divided vessel or the msertion
of a prosthests to bridge the gap left by the destructuon
ol a considerable amount of the arternl tissue can now
be done. Tlus advance 1n the technicnl aspects ol r
tennal swgery will be further enhanced by subsequent
advances 1 the general supportive therpy ol puents
it the management of frictures and soft ussue healing
and in the control of infection

TYPES OF ARTERIAI INJUR}Y

The various types of ijury wlnch may be nflicted
upon major arteries will be discussed tn some detail
subsequently but a few comments regarding the ana
tomic and functional delects that may be produced
(Fig 68) are i order licre  Vost of the lesions to be
considered will have been produced by blunt trauma
glass or knife, or gunshot wounds Although other
nsults such as cold 1njury and electrical burns are 1m
portant, these forms of arteril truumn will not be
reviewed heie

Contusion of an artery my be folloned by severe
artennal spasm ™ 7 with or without throinbosis
Thromboss 15 a particularly serious complication for
1t may result 1n occlusion not only of an extensive
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segment of the main trunk but also of numerous col-
lateral branches as well Loss of collateral blood flow
is of course particularly likely to result in gangrenc
of the pait when the mam trunk has been blocked
Contusion may be produced in numerous wdys, -
cluding gunshot wounds, blunt trauma?® causing
fractures and dislocations, and even chromic traumai
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such as s sustuned by the axillary mtery of 1 paison
wung crutches improperly **

Laceration of a vessel may range {from 1 sunple n
complete tear to complete division of the artery
These injuries may be caused by gunshot wounds
penetrating sharp objects or bone fragments 1n the
presence of a fracture to mention a few A major
comphication of arterial laceration 1s external blood
loss plus the hematoma which forms within the us-
sues of the wound  Relatnely great volumes ol blood
may be lost 1nto a tlugh for example not to mention
the massnve bleeding which may occur into one of the
coelomic cavities  The aorta itsell may be mjured
and although such patients usually do not survive to
reach the hospital a number of wmstances of successful
repair of aortic lacerations have been reported. *
Those pauents who did survive the immediate njury
have frequently formed pulsaung hematomas for ex
ample 1n the thorax 1

Loss of artersal substance confronts the surgeon
with 2 more difficult problem than does a simple
laceraon  If only a short segment of artenal wall
has been destroyed or must be debrided (Fig 63) 1t
may be posuible to bring the ends of the artery to-
gether for successful anastomosis  This is facihiated
where necessary by mobilizing the vessel for a num
ber of centimeters on erther side of the mjury In
one case we treated 1t was found posuble to perform
an anastomosis of the popliteal artery without ex
ceuive tension only after flexing the knee on the
thigh. It was then maintained 1n this pesition with
2 posterior splint for seven days following surgery
(Fig 64) Thereafter the cast was removed and the
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leg was gradually extended untl full motion was
achieved, no decrease 1n the [oot pulses occuried

In other instances, however, the extensive loss of
artenial tissue 1enders grafung with homogralt, saphe
nous vein, or synthetic material essential to permut
restoration ol atersal flow Tiaumatic aneurysms
may 1epiesent either true or false aneurysms (pulsating
hematomas) In the first mstance at least a portion of
the arterial wall 1s still intact, whereas with a [alse
aneurysm continuity ol the arterial wall has been lost
at the site of the aneurysm, heie the so-called ancu-
rysmal sac merely represents formation ol a thin layer
of inflammatory reaction with fibroblastic piolifera-
tion around the hematoma (Fig 68) Ancuiysms due
to injury may involve virtually any attery, including
the aorta ¢ 52, 108, 112,113

POSTERIOR SPLINT //
(BIVALVED CAST) /

GAUZE WRAPPED

e 64 The wtent of an arterial defect duc to tssuc

T his

loss can often be reduced by flevion of the estremity ;
an

1s especially true when the gaps involve the brachial
popliteal arteries The flexion of the himb can be main
tained postoperatively by means of a posterior sphnt
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An artertovenous (A V) fistulat®? is formed when
the injury imvolves both the artery and the vern As
a rule simultaneous 1njury to both vessels has been
sustained at the fniual wounding but it would appear
that occasionally a clironle aneurysm or pulsating
hematoma of the artery may rupture mmto the adjon
ing vein and thus produce a true arteriovenous fistuln
One mistake commonly made 13 to refer to an arterio-
venous fistula as an arteriovenous aneurysm Al

Fic 65 The anatomic changes indicated are often pres-
ent in asocation with traumauc AV fistulas.  There is
venous dilatation at times arterial dilatation and not in
frequently a false ancuryun The illustration deplcts the
findings exhibited by a patient who was admitted with m
factable heart failure and evidence of systemic infectlon
posubly secondary to the fistula  The leston was treated
by rapud quadruple ligation and excision due to the very
Poof state of cardiac funcuon  the blood pressure being
inlermul:ntly at shock levels. The marked cardiac en

ent prescnt at the ume of operatton had subsided
when she was reex imined nix months later (sce Fig 74)
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leg was gradually extended untl full motion was
achieved, no decrease 1n the foot pulses occunied

In other instances, howevei, the extensive loss of
arterial tssue renders gralung with homogaft, saphe-
nous vein, o1 synthetic material essential to permit
restoration ol artertal flow Traumatc aneurysms
may 1epiesent either true o1 false aneurysms (pulsating
hematomas) In the first instance at Jeast a portion of
the arternial wall 1s st1ll intact, whereas with a false
aneurysm continuity of the arterial wall has been lost
at the site of the aneurysm, heie the so-called aneu
rysmal sac merely 1epresents foimation of a thin Jayer
of inflammatoly reaction with fibroblastic prolilera-
tion around the hematoma (Fig 63) Aneurysms due
to injury may involve virtually any aitery, mncluding
the aorta,s 52, 108, 112, 113

POSTERIOR SPLINT //
(BIVALVED CAST) /

GAUZE WRAPPED
1ic 64 The extent of an artersal defect due to ussit
loss can often be reduced by flexion of the extremily ’Iln;
1s especially true when the gaps mvolve the brachial :m(‘
popliteal arterics  The flexion of the hmb can he man
tamned postoperatively by means of a posterior spliit
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An arteriovenous (A 1"y fistula*? 1s formed wlen
the njury nvolves both the artery and the vetn  As
a rule simultancous injury to both vessels has been
sustained at the imtnl wounding but 1t would appen
that occasionally a chronic aneurysm or pulsatune
hematomn of the artery may ruptme mto the adjom
g vein and thus produce a true arteriovenous fistula
One mustake commonly made 15 to refer to an arterio-
venous fistula as an arteriovenous ancurysm - Al

Fic. 62 The anatomic changes indicated are often pres-
At In asociation with traumatic AV fistulas. There is
venous dilatation at times arterial dilatation and not 1n
brequently a falie ancurysm  The illustration deplets the
findings exhibited by a patient who was admutted with in
tctable heart fatlure and evidence of systemic infection
possibly secondary to the fistula  1Te lesion was treated
by rapid quadruple ligation and exasion due to the very
Poor state of cardiac function the blod pressure beny
Imcrmmtndy at shock levels The marked ardiac en
it present at the time of operation had subsided

when she was re-examined sis months later (see Fig 74)



316 Surgery of the Aorta

though this designation of the lesion has the dubious
merit of being time-honored, 1t 1s misleading to those
not familiar with the pathology involved It would
be far better to refer to the lesion as an arteriovenous
fistula, with or without assoctated aneurysm. For 1t
1s true that from time to tume there 1s present not
only a fistula between the artery and the vemn but
also a {alse aneurysm (Fig 65) Furthermore, marked
dilatation of the artery proximmal to an A-V fistula
may 1n effect constitute a true aneurysm When a
knife or bullet passes through both artery and ven,
the defect in the wall of the artery opposite the vein
may bleed to form a false aneurysm or pulsating hema-
toma. The wall of the artery adjacent to the vein
becomes fused to the vein and the communication
between them 1s kept open by the force of the arterial
blood rushing into the venous system

The continuous bruit or hum caused by an arterio-
venous fistula may develop within hours following the
injury, or it may not develop for weeks, months or
years We treated one man whose local physician had
detected a thrill over the site of a pistol wound within
an hour [ollowing the infliction of the injury. In
contrast, we treated one patient with a Jamige arterio
venous fistula between the left subclavian artery and
the left innominate vein which developed several
years following the original stab wound The patient
first became aware of the presence of the lesion he
cause of a sensation of “humming or buszing” M the
neck surrounding the fistula (F1ig 65)

Causalgia, while representing a symptom 1athe
than a structural defect, can bhe onc of the major
problems associated with traumatic injurics to nerves
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or arteries **  This condition was first deseribed by
S Werr \Mitchell ™ * and at has never been fully ex
planed  Nevartheless the mjury to 1 nene or n
artery nesther of which need be severed results 1n a
fairly charactenstic type of reflex parn which 1ppears
to be mediated over the sympathetic nenve fibers 1o
the extremity  Excessne sweaung erythema or pallor
and trophic changes are usually observed 1n the part.

DIAGNOSIS OF ARTERIAL INJURY

The diagnosis of artertal tnjury 1s made by means
of the history the physical exammation which may
include blood pressure readings or ovallometry artert
ography where needed and surgical exploration in
selected cases.

Any history of a kmife or gunshot wound should
alert one to the possibility of injury to major blood
vessels as well as to other structures situated 1n the
region concerned  Wounds of the chest or the abdo-
men which injure major arteries will usually be asso-
cated with sufficent hemorrhage to require prompt
operation to prevent exsangumation 1if indeed the
patient Iives to reach the hospital On the other
hand should an artery 1n an extremity be injured
any of a wide vartety of climical pictures may be ex
hibited by the patient at the time of examation
The wound tn the artery may have clotted farrly
promptly and aside from a hematoma of variable size
wurrounding the injured vessel litle else may be
noted at the ime of admunsion  Assuring that swell
Ing of the extremity is not marked and thus does not
indicate massive blood loss within the wound any one
of several possibilities may develop within hours or
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days First, the a1 tery may be divided, thiombosed or
In severe spasm with no pulses present distally  Sec-
ond, mjury to the wall of the aitery may have been
mmor and it may heal cntirely without scquelae
Thnd, a pulsating hematoma may enlaige and become
obvious due to secondary hemoiihage o1 to stmple ex
pansion of the false sac during the next few days A
systolic biuit may be heaid over [alse aneurysms from
time to ttme Fourth, the patient may develop a thrill
and continuous biuit over the site of mjury within
days or weeks, mdicating development ol an aiterio
venous fistula Filth, hemoithage may not be appar-
ent but severe causalgic pamn may persist  Thus 1t 1s
appaient that [o1 accinate diagnosis the exammer
must have 1n mind a variety ol possible vaiiations m
the clinical pictuie piesented by a patient who has
sustained an mjuly to a major aitery

Significance of Pulses One common e(10r 15 to 1N
texpret the presence of pulsations in the artery distal
to the site of the possible mnjuy as mdicating that
arterial imjury has not been sustamned This 1s of
course ertoneous for a number of 1easons To begn
with, 1f neither thrombosis, severe spasm, nol actual
division of the aitery with 1etiaction of 1ts ends C\IStS,
there 1s no 1eason why pulses would not be picsent
distal to the level of injmy Certainly occlusion of
the profunda branch of the femoral o1 of the brachial
artery 15 associated with a noimal pulse at the foot
or wiist (Fig 60)  Furtheimoie, mjury to the man
arterial nunk with a false ancurysm ot with an
teriovenous fistula 1s associated with pulses 1 the

estuemity distally  Incidentally, use of oscillometer oF
even sphygmomanometer may assist 1n detection ol

diffcrences 1 arterial pressure m paned members such



Fic 66 1t may be seen that a false ancurysm (pulating
hl'maumu) ansing from the deep bradual artery <n be
iuociated with normal pulses at the wrist  The saine could
be true of a false aneurysm affecung the mamn brachial ar
LTy 30 long as the artery was not thrombosed
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as arms or legs Simple palpation 1s notoriously mis
leading 1n detecting slight to moderate differences in
arterial pressure, and direct intra-aiterial pressuic
measurements using a strain gauge will unquestion-
ably be used more widely in the future

The presence of a history of severe blood loss at
the time of 1injuiy and while the patient was bemng
transported to the hospital suggests major arterial m
jury Rapid massive swelling of the mjured part.
before mflammatory edema of such magnitude would
have accumulated, also suggests arterial mnjury Most
gunshot wounds of an extremity are eventually asso
ciated with considerable swelling, but this docs not
develop immediately It is to be remembered also
that severe blood loss 1s more likely to be due to ar-
terial than to venous injury, since the venous pressuc
15 not sufficient to overcome the resistance of surround-
ing tissues and therefore venous occlusion with c!ot-
ting eventually occurs Surprisingly little bleeding
may occur when the artery 15 completely severed so
that the ends can retract and provide mechanical as-
sistance to hemostasis We had one patient who had
lost very little blood following a knife wound of the
popliteal space, but the absence of pulses 1 the foot
associated with a cold lower leg and foot prompted
exploration of the injury. The ends of the completely
severed popliteal artery were found several centimetcrs
apart Successful anastomosis was achieved with 1m-
mediate restoration of foot pulses Arteriography 1n
such cases will often disclose extravasation of the 12
diopaque medium at the point ol ijury

It has been emphasized that the presence of pulses
distal to the site of entry does not exclude major ar-
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tenal defects.  On the other hand neither does the
alsence of pulses distal to an mjury establish the
presence of thtombosis o1 loss ol arternial conttnuity
Severe arteriospasim 1s 1 commmon finding n 1ssocition
with artenal trauma and many observers feel that 1t
an be 50 severe as to produce gangrene  Such con
striction can be verified by cither direct wnspection
or arteriography and 1t can often be reliesed by the
local application of papaverine # ¢ 1t or by regronal
sympathetic nenve block. Thus when coldness pal
lor 1schemic pain and sensory and motor changes
1o the extremity indicate marked ischenun paraver
tebral sympathetic nerve block may be mdicated for a
brief period of trial to demonstrate whether or nat
smple spasm exists or whether thrombosis or inter
ruption of artenal continwity has occurred 1 serious
doubt sull persists after a sausfactory block and ar
teriography 1s for one reason or another equivocal it
will 1n many 1nstances be desirable to explore the
wound to exclude arterial mnjury Whle an arterio-
gram may disclose extravuation of radiopaque me
dium anto the tissues through a defect in the artertal
wall at other umes this study can be misleading re
garding the level of artenal injury because of spasm
or thrombosis # Nevertheless the use of the arterio-
Bram n establishing arteral continuity and patency
in the presence of arterial spasin has been helplul to
s 0on a number of occasions Should the pulse be
absent on admission but return sulsequently one
still cannot exclude structural danger for the de
velopment of a pulsaung hemnatoma (false ancurysm)
days later may betray loss of artenal wall continuity

Again surgical exploration 1s ighly desirable where
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doubt exists regarding the mtegrity of an aitery, par-
ticularly 1f 1schemia m the extiemity distally appears
to be thieatening 1ts viability  Most gunshot mjurics
should be explored anyway to permit thorough de
biidement of devitalized tissue  Knife wounds nced
not be explored with such fiequency unless theie 1
evidence of neive o1 blood vessel damage When
pulses were absent in the extiemity distal to the site
of a knife wound, we have usually found the artery
to have been at least paitially divided

MANAGEMENT OF ARTERIAL INJURIES

T 9
General Considerations 17 37 70. 81,00, 10

The first 1equnement 1n the presence ol a major
arterial injuiy 1s to stop hemoirhage and to 1estorc
an adequate cnculating blood volume Unless mas
sive bleeding can be contiolled, 1t will be very difficult
to stabilize the cinculation Point pressure fmly ap
plied over the site of injury commonly suflices to stop
the bleeding This may be achieved by placing folded
gauze dressings immediately ovexr the wound and then
encircling the leg with an elastic bandage  While Jess
desirable and 1n certain 1espects actually hazardous,
a tourmiquet may be applied when point pressure docs
not suffice for the control of hemonhage 1n an ¢\
tremity  Of course, 1if the subclavian or the external
iliac artery has been severed, 1t will not be possible
to control bleeding with the use of a tournmiquet  Un
der these circumstances one must fuse blood rapidly
under pressure and operate immediately to gmn con
trol of the vessel It should be emphasized lll."l[ when
much blood 1s bemng lost from a major artery it 1s ab
solutely essential to have available a means of pump
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g m blood under presswie The methods of graaty
flow the use of syringes or the hopelessly nndequnte
squeczing of 4 small plastic yhinder interposed 1 the
tubing can be patheucally heking n such an cmer
gency  \n apparatus s now commerctally avalable
which pernuts one to cxert air pressure in 1 bag sur
rounding the plastic bag contatming the blood + In
this way the hazard of insufflation of air (with ur em
bolism) 15 avoided winle the advantage ol pressure
wnfusion 1s mantained

If1t has been possible to contiol bleeding 1t 1s pref
erable to delay operation until arculation has been
reasonably well stabilized by adequate blood replice
ment. Only a short wlule fs usually required if simple
massive blood loss 1s rapidly replaced  However i1f a
considerable period of ume has elapsed since the mas-
sive blood loss began restoratton of arculatory stabil
Ity will not be as rapidly achiered even though normal
blood volume is restored  Naturally the sooner opera
tion 15 performed the less cxtensive will be the hema
toma which dusects along various tssue planes to
astablish an excellent culture medium for bacterial
multiplication or to interfere with wound healing

As for the nasion to be used much will depend
upon the site of myury In general 1t 1s preferable
to make the inasion in the long axis of the artery
%0 that it can be extended as far prowmally and dis-
tally a5 desired.  For instance 1t may be found that
thrombosis has occurred for a considerable distance
dlong the artery and removal of thus thrombus s facil
lated by an inaision of adequate length  Local or
ystemic heparimization may or may not be employed

TManufectured by American Sterflirer Company
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depending upon the cucumstances Postoperative 1¢
glonal sympathetic nerve block may be helplul +
Fuither technical 1equiements will be noted m con
nection with the management ol speaific mjuies now
to be considered

Specific Arterial Injuries

Contusion With or Without Spasm and/or Throm-
bosis  Contusion of an artery may be piroduced
many ways As mentioned above, the more common
ones aie blunt trauma due to compiession, gunshot
inyuy which may not actually stithe the aitery but
which causes blast effect 1n the neighborhood of the
vessel (I'ng 63), the use ol crutches which may damage
the axallary artery 1l the pressuic of the body weight
is borne on the top of the crutch,*™ 2 by hagments
of a fiactwred bone,?* o1 by anterior dislocation of the
shoulder -5 In a given instance this contusion of
the vessel may not produce set1ous alterations m blood
flow, but 1n another 1t may 1esult m severe schemic
disturtbances  Inttamuwal thombosis with a bulgmg
of the muma mto the lumen may obstiuct flow m
this way, or there may be mtralunnal [lll()nll)(')jl‘?
which may propagate m ether dnection (Fig 67)
Prolonged segmental arteriospasm *¥ iy precede
thrombosts 1 many mstances, the 1educed volume of
flow contiibuting to clot formauon =% In addition to
contusion and spasm, sustained compression ol a ves
sel may also r1esult m distal ischenma We had one pi
tient with a fracture of both the tibra and fibula who
had had good oot pulses in the morning but who n
the afternoon had a cold, 1schemic foot with no pulses
palpable and with anesthesia and Joss of moto pmwr’
m the toes At first 1t was believed that she prohably
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had sustained thrombosis of the arteries to the foot
perhaps duc to trauma at the site of Iracture  How
ever someone suggested that additonal weight be
added to the triction which had been apphied Iy
means of a wire passed through the os calas and
when this was done an overriding of the fragments
was corrected and pulses were mmmediately 1ostored
to the foot Obviously the arterses had been erther
kinked or compressed and this s an important con
siderition m the mnagement ol Ntactures It has
been pomnted out that utetal injuies ssoctated with
fiactutes 1e3ult 1 a gieater amputivon 1te than do
artenal mjunes not associated with fracies
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Tic 67 A thrombosis cun oltcn be removed by simple
arterfotomy  but if the adjacent wall of the vessel 15 dam
3ged the involved segment may have to be excised  The
arenotomy ncmion may lie either longitudinally or trans-
Yeiely  Following exclyion of an arterial segment a gralt

Ay be required to permit restoration of arterial continuity
without undue tension.
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Injury to the axillary artery following anterior dis-
location of the shoulder has been emphasized 18 In
one case reported by McKenzie and Sinclair & a tear
i the wall of the subscapular artery at its poimnt of
origin from the axillary artery was apparent Throm-
bosis at this site had extended into the axllay aitery,
resulting in an oiganized thrombus 1n this vessel A
one centimeter segment of contused axillary artery
and additional clot weie 1emoved The artery was
mobilized and a primary end-to-end anastomosis pel-
formed with restoration of normal pulses at the wrist

Arterial Spasm?3 The importance of a tear in the
wall of an artery, due to the laceration of « small
collateral branch, was emphasized by Edwards and
Lyons 26 They stressed the importance of hemoirhage
mto the perivascular sheath that may result in com-
pression of the arteiral lumen In their series of cases
it appeared that severe localized arteriospasm had
eventually resulted in thrombosis In one patient
with serious 1schemia only severe spasm was found, 1o
thrombosis being demonstrated even by opening the
artery at operation These workers found that pro
caine produced an madequate 1chel of arterial spasm
when injected mto the mea, wheteas a solution of
papaverine when applied to the arcumference of the
artery by means of a mosstened sponge gradually e
sulted 1n 1elaxation of the spasm over a period of sev
eral minutes 2 Care was tahen to cover the most
proximal extent of the spasim  The sponge was left n
place for from 15 to 20 mmnutes and then 1emos cd, the
spasin was 1chieved and was not agam preapitated by
manipulation of the artery  Smlar success Wb ob
tammed by Jahnke and Howad,” who used o sponge
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soaked 1n 2.5 per cent papuenine hydrochlonde solu
non  Sympathectomy m1y be helpful 1#

In discussing the problem of vaccular mjuy with
out laceration Edwards and Iyons ¢ emphasized the
frequency with which blunt trauma especinlly that
associated with fractures, results in artenal spasm or
thrombosis  Therr experience gained through rou
tine exploration of all injuries above the knee or
elbow 1n which the penipheral pulse wts markedly
diminished or absent led them to discover various
types of unanuapated lesions. In one case there was
a tense hematoma beneath the pertvascular fasaa as-
soaated with marked segmental arteriospusm  An
masion through the artery disclosed no thrombosis
The spasm was not relieved by procaine but was re
heved by the apphication of papuerine solution  In
another case severe arterial spasm was found to be
asociated with artertal thrombosis  The thrombus
*as removed but, because of contusion of the arteral
wall a segment of the femoral artery six cenumeters
mn length was resected and the defect bridged by a
sumlar length of saphenous vein taken from the same
leg and reversed before anastomous  In a thurd case
eplorauion of a femoral artery 1n the presence of ab-
sent distal pulses revealed an area of spasm two centd
meters in length with ecchymosis beneath the adven-
utia A segment of the contused artery was resected
a recommended by Leriche ' nd was replaced with
a reversed saphenous vein graft taken from the oppo-
site leg  Pulses were restored 1n the foot These and
other mmilar cases 1n the literature attest the severe
Pasm which may accompany arterial injury and
which may or may not be associated with thrombosis.
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That traumatic vasospasm with 1ts complications
lollowmmg tiauma 1s not always an mmnocuous and
flcetng problem has also been stiessed by Gaidner
He 1epoited that dependmg upon its severty, with
o1 without thnombosis, 1t mght produce Volkmann’s
ischemic conuiactuie, necrosis of muscle bundles or
even gangiene of the entne Iimb In onec case he
described theire was Volkmann's 1schemic neciosis of
the muscles of the calf of the leg associated with severe
arterlospasm, and in another theie was a sumla
neciosis of muscles ol the aim associated with aiterio
spasm that developed even i the absence of mjyury
to the arm  Even spinal anesthesia had [ailed to re-
lieve aiteriospasm under some cncumstances It was
emphasized that Volkmann’s ischemic contiactuic*
repiesents not a separate entity but meiely a stage
between the complete 1ecovery of the limb and total
gangiene, the muscles perishing because of then great
need for osnygen The suggestion was made that
at least some cases vascular spasm appeais to arise as
a result of the 1eaction of the entne organism to ¢mo
tional and metabolic disturbances, possibly mediated
through the endocime system  His results n the man
agement of Volkmann’s 1schemic contractuie had been
disappointing 1in a number of mnstances

Elliott 22 1eported a case of axtllary-brachial artenal
occlusion which had 1esulted fiom disruption and dis
Jodgement of a portion of the intima of the brae hial
artery by ltagments of a Nacture of the humerus 7l he
associated thrombus and dislocated mumal fragment
were 1emoved, and arteral contmunty and blood flow
were successfully 1estored

Management of Arterial Thrombosmis, Many on
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siderations that are unportant wm the management
of artenial contusion with spasm 1nd thrombosis
have been mentioned aleady  In kguie 67 me
shown the procedures that are frequently used
Simple contusion of the artery without thiombosts
or spasm requues no surgical ntervention af the
pulse 13 restored erther spontancously or by 1cgronnl
sympathetic nenve block. If distal pulses cannot be
restored the wound should be explored  Sub-adien
utial hemtomas should be evacuated nd spasm re
lieved by the application ol papaveinine solution  I1f
thrombosis exists the thiombus should be removed
The presence of retiograde flow following removal
of clot, perhaps aclnesed by the retiogiade flush tech
nie,'71s a favorable proguostic sign  Successul restora
uon of blood flow has been established many hours
following artenal occlusion I necessary the in
volved segment of the artery should be resected A
defect or gap of from one to two centimeters 1n length
an frequently be overcome by freetng up the artery
proximally and distally and 2t tunes by suitable poss
tioning of the extremuty to provide the maximum 1n
relaxauon of tension on the vessel  If primary nasto-
mosis cannot be performed without the use of a grft

1tmay be inserted (Fig 67)  Saphenous yein giafts may
be suitable where muscle support exists but otherwise
tome other prosthetic matenal should be employed.
Heparin may or may not be used depending upon the
aramstances the wound 1s carefully debrided thor

oughly irmigated and frequently drained particularly
if the patient 13 to be heparmized  Postoperatnvely

conunuous spinal or caudal anesthes:a or other re

gronal sympathetic block may be employed 1f desired
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been imjuied the wound should be explored It may
be seen m Frgure 66 that 2 large colltenn] branch e
be erther partially or completely severed with the con
unuation of pulsations distally and i such an m
stance the presence of such pulses would be of no
assistance 1n excluding the possibility of arterial i
jury  Falure to explore such a wound at the ume
of admission may result in repetted episodes of sec
ondary hemorrhage and inordinately prolonged dis-
ability when simple sutuning or ligation could have
been carried out immediately when the pauent wns
fint injured with prompt recovery  We know of one
pattent whose thigh was dramed three separate umes
to evacuite hematoma before formal and definitive
exploration of the depths of the wound by an ex
penienced  surgeon  using ndequate ancsthesta and
exposure disclosed a parual nterruption of the deep
branch of the femoral artery  \ll that was required
w23 to ligate and divide the vessel and to evacuate
the infected hematoma  Thereafter the pauent was
ducharged 1n less thin a week though 1t had been
almost six weeks since she was orginally injured.
Arteriograms were not so commonly used then but
such a study would probably have disclosed the pulsat
ing hematoma (false aneurysm) n her case

Treatment. When incomplete or complete division
of an artery appeans likely suitable anesthesia 1s em-
Ployed to permit adequate exploration of the wound
The first step a3 with all types of arterial surgery is
10 gain control of the vessel above and below the point
of probable injury Following this one explores the
tact to idenufy not only whether or not arterlal in
Jury has been sustained but also whether or not venous
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and nerve lestons 1re present  Necrotic muscle will
commionly be found following gunshot njunes but
kmife wounds 1cquite relatvely hittle debndement ex
cept for the removal of hematomn  The site of injury
of the vessel 1s inspected  Optimally there should be
brsk bleeding from the proximal end nd at least
some back bleeding from the cistal end  Any throm
bus should be 1emoved [rom ech end of the vessel
by appropnate mancuvers these may nclude stnip-
ping of the vessel between two fingers or suction
wrapping the leg with an elastic bandage from below
upward or the retrogrde flush techme by ntroduc
tion of a cannula mto the posterior ubial artery
through wlich saline 1s flushed 1n a retrograde direc
tion in the mstance of a leg wound  1he thrombus
in the proximal portion of the artery will usually be
expelled promptly by the force of the arterial stream
particularly when the clot just mstde this vessel has
been removed  As a matter of fact one will there
alter be forced to apply clamps or tapes to prevent
excessive blood loss from the spurung proxsmal end
of the vessel  The distal end of the vessel often en
tails 2 more ifficult problem since the pressure in
this portion of the artery 15 low and clotung not only
of the main trunk but also of collateral vessels may
have occurred thns thrombus my be hard to extricate
Once the artery has been cleansed of ntrluminal clot
and the divided ends or the defect producing incom
plete division hs been freshened (o1 more extensively
debnided 1n the presence of gunshot wounds) a simple
transverse closuie or 1n 1n stomoss 1 performed with
line arteral vilk (lig 68) 1In the ndult puent 1 con
- R B o
whose marging must be debrided (D) 15 not recommended
snce narrowing of the lumen will ustally result.
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tinuous over and over o1 baseball type of stitch 1s
satisfactory, but 1n younge: indrviduals the suture linc
should be interrupted on at least one side to permut
growth of the arterial lumen with incieasing age It
has been shown that a continuous suture Iine allows
less enlaigement of the lumen with giowth than docs
an interrupted suture line ¢ It 1s most important to
remove all intialuminal clot just prior to completion
of the anastomosis The wound 1s then thoroughly
nrnigated and a cham mserted if mmdicated

While arterial spasm may reduce the volume of ar-
terial pulsations 1n the foot immedately followmg
surgery, 1t has been our experience that a technically
satisfactory anastomosis 1s usually rewarded with dis
tal pulsations immediately If these are absent, the
possibility of thiombosis at the site of the anastomosis
is a real one. Any artersospasm can often be relieved
with papaverine solution (2 5 per cent) apphed locally,
and this should be done before the wound 15 dlosed—
for a good volume of flow constitutes the best possih]c
protection against postoperative thromboss at the site
of anastomosis e have not commonly performed
sympathectomy or ecmployed 1egional S)n)pnlhc!lc
nerve block postoperatively

True and False Ancurysm

The true and false ancurysms which follow arterial
trauma will be considered together since they are mdn
aged 1 moie o1 Jess the same manner (g 72) I hewt
lesions oo tesult from mpmys o the apteral wall,”
but they may not davelop or become proununcnt fm
days or weeks  V true ancmssm roults from dam gt
to the artenal wall whach permiats a bulging o dilats
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tion at that pomt but prior to Inte ruptute some por
tion of the wrll rtemmns mitnact at all ponts (Fig 63)
A false ancurysm or pulsating hematoma 1n contrist
forms at a point where vrtennl continwty has been
lost such as 13 shown 1n khiguie 63 1rue neurysms
were dealt with 1n Chapter 5 aind will not be consid
ered in detail here

False Aneurysma. The anatomic defect wlich per
muts development of a false ancurysm s 1llustrated n
kigure 63\ phliotograph of such 1 lesion which re
sulted from a laceration by a broken bottle 1s shown
m higme 69  Imunally the bleeding had presently
ceased following application of a pressure dressing,
but mn the ensuing weeks hemorrhage from the depths
of the wound had occurred repeatedly This chron
1ally recurning hematoma plus granulition tissue had

F10. 68 False Aneuryun  Patient had cut her wrist on a
roken bottle several weeks previowly this pulsating hema
toma developed due to a defect in the ulnar artery (see text)

b
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the repair of such small vesscls 15 1eadily feasible but
we would not hesitate to do o It 15 1o be remem
bered that either the radinl or the ulnar aich 1s 1b-
sent in perhaps 5 per cent of people and thus one
should not wnnecessily saaifice cither areery with
out bemg reasonably certain that the other 15 present.
Even within the past year we have trcated an injury
w which bromsulphaletn was nudvertently myected
mnto the radil artery mstead of mto a vein followed
by severe burming pan i the hand wnd eventunl
gangrene of the thumb and 1 portion of the 1djacent
two fingers It 15 possible that this pruent does not
lave an ulnar arcly

It may be scen that theie is fiequently an mordinate
delay in the accmate dingnosis of false aneurysms
epecially smce pulses ue often present 1 the more
distal portion of the eatrenuty  Attenton 15 agamn
alled to Figure 66 It may be seen that when the
hematoma lies deep within the ussues of an extremity
wmay be difficult jndeed to determine precisely what
the artenal Jesion 15 and cien that onc cuists espe
cally when the thigh s imohed  Arteriogrims
should be wsed far more frequently than they have
been used 1n the past for the precsse idenufication
of anatomic defects seconduy o trumatc njuries

The exasion of 1 chironic false aneurysm 18 shown
n Figure 70 he pauent had been stabbed 1 the
thigh several wecks previously  Following correction
of the artenial defect the hematonn should be re
moved as completely 1s possible since mnfection 1n
such wounds 1s not uncommon  When an anastomo-
8 must be performed 1n the presence of contamina
ton there 13 always a serious hasard that the suture
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I 70 False Incunyan Top This pulsiing hema
toma mvolung the left fomoral artern followed a sth
wound Howaver, since all pulscs had been present m
mediately following njury, the arteral damage ws 1ot
suspectcd untl a pulsaung mass doavdope d It Joltom
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line may break down with secondary hemorrhage
Furthermore thaie will be shight probability of a
successful secondary anastomosis in an infected field.
We know of a recent case in which a false aneurysm
was resected with the interposttion of a gralt in the
femoral artery  1herealter staphylococeal mfection
developed in the wound and the graft broke down
with severe secondary lhemorrhage that almost cost
the pauent his life.  Pressure was apphed to the ex
tremity unul the patient could be taken to the op-
erating room [ollowing which the artern was higated
both above and below the site of previous interpost
uon of the prosthens  Unfortunately distal 1schemia
of the limb was so great that after many weeks the
Limb was amputated because of 1schemic muscle necro-
s1s and contracture and fatlure of skin healing
Traumatic Aortic Aneurysms. Although discussion
thus far has centered around false aneurysms imvolving
the extremiuies traumatic rupture of the aorta ™ 10
with pulsating hematomas 1* may occur within the ab-
domen or thorax as well 11 ¢ 47 ¢ In discussing surg:
al management of rapidly expanding intrathoracic
pu]mdng hematomas mvolving the aorta Shumacher
and King 1 urged that m a1l thoractc mnjuries every
cffort be made to determune as early as possible any
evidence of aortic rupture They stressed the hazard
of sudden massive liemorrhage when a direct thoracic
approach 15 used and they proposed mitial interpola
ton of a graft between the ascending 1ort1 and the de
sending thoracic aorta to provide additional safety
3 procedure which they Iid used  This permits oc

o e e o
Alcm segment of the artery was excised and arternal con
unulty restored using mnterrupted sutures.
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clusion of the aorta at some distance proximal and
distal to the false aneurysm piior to dissection 1n the
vicinity of the aneurysm 1tsell

The roentgen diagnosis of acute and chronic trau
matic aneurysms of the thoracic aoita 1! was reviewed
by Steinberg and Evans!® They emphasized that
acute tiaumatic aortic ruptule associated with frac
tures, internal 1njuries and shock 1s often overlooked,
that an awareness of the 10le of stiesses mcurred 1n
deceleration following blunt tiauma, as 1s common
i automobile o1 anplane accidents, should chrect
attention to the arch of the aorta just beyond the ort
gin of the left subclavian artery, since this 1s the most
common site of 1upture of the aorta mn such accidents
(Fig 71) The aoita 1s 1elatively fined at this pomnt
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but m1y be arched anteriorly below avulsng inter
ol ey These withors recommended  that
setnil 1oentgenogs nus ol the ciest be mode lor many
weeks following iy to painntictognition of meds
astinal hematomas hemothorax o: the development
of a localized bulge mn the regron ol the aortic hknob
representing the aneurysm It was pointed out that
unless chest toentgenogruns are made routinely alter
thoraczic mjumy the development of the triumatic
aneurysm may not be appreciated for a number of
years  Angiocardiogmphy 1s valuible

It has been found at autopsy that patients may sus-
tain completely asyinploniatic ttiumatic aneurysms of
the aorta # 1**  Chronic lesions ate diagnosed on the
baus of the above findings plus fluoroscopy esopha
grams the characteristic location of traumauc aneu
rysms just distal to the origin of the left subclavian
artery the absence of positi ¢ scrologic tests for syphills
and the history of trauma  \ review of 72 cases of
traumatic rupture of the aoita nd 24 cases of spon-
taneous rupture was publshed by Strssinan 11t The
chief differences regarding the occtnrence ongin and
pathologic picture ol both lesions were examined

Management! ©  Few repun ol true trauwmatic
aneurysms of the thorac aorta carried out shortly
following the acadent have been reported  The pa
tents are usually 1n very serious general condition
and frequently the aneurysin may not develop or be
diagnosed for some tume  In contrast numerous sub-
acute or chronic traumatic aneurysms of the aorta
have been resected and grafted some with the mid of
extracorporeal bypass Gerbode and assocates ¢ re
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both cases that he repoirted In 1861 Bioca '* 1ecorded
a 1emaikable 1nstance of proxmnal dilatation of the
artery Despite a marked distention and thinning of
the wall of the axillary and brachial components pron
imal to the fistula, the artery abiuptly returned to
noimal size immediately below the Ievel of the aiteno
venous fistula  Although HMalsted had m 1918 called
attention to the lequent assoudtion ol carduac en
lagement with arteriovenous fistulas and had sur-
veyed world literature on the subjecet,”™ which was later
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published by Callander ** to Frnle Holmu *T must be
acconded speainl credit for his studies 1 192) wand sub
sequently which est iblished that ateriovenous fistuls
m1y produce dilttion of the utery i cndine en
Ingement  He constiucted femoril arteriovenous fis
tulas m dogs and demonstiated clssic alterations n
blood ptessure nd pulse rate whiclt occur following
construction of such fistulay these alterations could be
mmediately abolished by firm digatal pressure over
the site of the fistula  He ateributed slowtng of pulse
rate upon occlusion of the fistuln to distention of the
aotta by blood with 1esultant slowmg of the heare by
vagal depressor fibets in the uch of the rortr (nd pos-
sibly by 1eflex changes ansing m the carotid sinuses)

Types and Sites of Artemovenous Fistulag® *7 17
Although cmphasis here is placed upon titumntic ar
tertovenous fistulas 1t should be borne sn mund that
various other etiologic circumstances may give rise to
shunung of blood from atteries immediately into veins
without passage through intersening capidlries Rup-
ture of an atherosclerotic aneurysm or plique into an
adjrcent vein may cause such a fistuln*t  Congenital
arteriovenous fistulas e 1epresented by patent ductus
arteriosus cavernous hemangiomas pulmonary arters
ovenous fistulas and normal fistulas that open up
under physiologic arcumstances  Infection may also
procluce arteriovenous fistulas

Traumatic artertovenous fistulas may occur any
where that an artery and a vein lie in close approxl
mation to each other mncluding the aorta and vena
«avas ¢ v In Figure 78 are shown the loctions of
12 artertovenous fistulas treated in the Hospital of the
University of Mussissippr over the past four years



——=——L. FACIAL

INT. JUGULAR

~=~<L. SUBCLAVIAN -
INNOMINATE

SN L. INT. MAMMARY

~

\\
~L. BRACHIAL

~
“FEMORAL (4)

—~—=—R. POPLITEAL

——=—R. ANT. TIBIAL

~L. PLANTAR
e

Tie 73 The writer paruapated o the o it of the
12 fistulas shown above over a fouryear pe riod

316



Trawmalic Injunes 347

Most of these fistulas were the result of either kmfe
or gunshot wounds and the large majority were
treated by direct surgacal repair shortly following their
occurrence or discovery  Serious cardiac enlargement
(Fig 74) and evtdence of heart failuie wete present
several of these patients who had large fistulas that
had been present for a number of months or ycars

= -
Fic. 74 Lelt. Cardiac enlargement due to chronic AV
fistula (sce Fig 65) Right. Nermal cardiac silhouette nix
months following excuion of the fistula

Pathophysiology of Large Traumatic Arteriovenous
Fistulag®! ** 1% Eqrly Changes Immediately follow
Ing 1njury by knife or musile there may be only the
local evidence of trauma without evidence of an ar
teriovenous fistula Yet it one patient we treated, the
fistula was obvious to lus local physiaan almost imme
diately following an acadental bullet wound of the
thigh. In most instances however the presence of
the characteristic thnll and brut, present throughout
the cardiac cycle usually 1s not detected for days
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weeks, o1 months It 1s probable that many fistulas
enlarge and thus become more promuinent, wherea
some small fistulas may close spontaneously ¢3

Once the arteriovenous fistula has been well estah
lished, as between a femoral aitery and a femoral veuw,
the mnciease 1in venous blood flow surrounding the
lesion may result in venous distention and an n
creased warmth of the overlying skin  Often there
1s swelling due to distention and edema surrounding
the fistula, and not uncommonly the patient himself
will have noted a “buzzing” sensation Ths 15 espe
cially noticeable to the subject when the mteriovenous
fistula 1s situated 1n the nechk, as between a carotd
arte1y and an internal jugular vein  The shortcr
cutting of the usual volume of flow to an extremuts
distal to a fistula may result in relauve ischenua of
the part This may even cause 1est pain, but 1t 1s usu
ally reflected more prominently 1n intermittent claudi
cation on exercise

When the arteriovenous fistula 1s discovered, the
thiill and bruit can be obliterated by pressure firmly
applied over the site of the fistula af 1t is accesstble
Mozreover, as noted above, 1f the pulse 1ate and bload
pressure be taken mmmediately prior to the oblitera
tion of the bruit by pressure over a lmge fistula, thert
will result a slowing of the heart rate and « fall the
systolic blood pressure assocrated with a rise n (llt.
diastolic pressure—that 15, a nanowing of the pulst
pressure Turther confiimation of the prosenee of an
arteriovenous fistula may be achieved by demonstt i
g an ncreased venous pressuie and an mm.l«“:‘
oxygen saturation of blood 1 the distended oy
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rounding the fistula  With arterrogrmphy the defect
wself may be outlimed

Late Ghanges  Exentually v luge utenovenous
fistula may result m a number of well-docuinented
changes. First total blood volume will increase.  Ep-
stein and Ferguson * found that this increase m total
blood volume was duc almost entirely to an expansion
of the plasma volume with no change in total red cell
mass. It has been mentioned previously that cardrae
enlargement frequently occurs and less commonly in
our experience, therc m1y be diltauon of the artery
proximal to the site of the fistuln  The wall of the
veins surrounding the fistula may become thickened
at times referred to as  arterinhization  of these veins
At operation for an arteriovenous fistula it may at
times be difficult to determine what is vein and what
is artery In fact when quadruple ligation with ex
clsion was commonly practiced the pathologist could
not always be certain of 1dentity of vetn versus artery

Cardiac failure will often ensue 1f 1 large fistula is
allowed to remain  Nevertheless the lapse of time
between the aenuon of the 1rteriovenous fistuln and
the development of cardiac enlargement and heart
failure vanes conuiderably from patient to patient,
even when the fistulas are of approximately the same
sz¢  Fustulas are compauble with a normal life of a
great many years if they are smal) and Dorney ** has
reported the existence of such a fistula for 57 years
Cardiac enlargement usually recedes following closure
of a fistula (Fig 74)

Subacute Bacterial Endocarditls and Endarteritls.
Subacute bacterial endocarditis and endarteritis occa
sionally develop in assocation with large arteno-
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venous fistulas % In 1935 Mamman and Rienhofl °
reported a case of Sueptacoccus vinudans septicemin
that was cured by the excision of a fistula hetween the
ithac artery and vemm  In 1916 Cutler and Wolff
reported an acquned artensovenous fistula with co
existent subacute bacternial endocardius and endar-
teritis  And later Lilleher and his assocrates *® demon
strated that subacute endocarditis could be produced
experimentally m dogs by the construction of large
bilateral arteriovenous fistulas
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Management of Traumatic Arterlovenous Fistulae®
.M 12 Management of traumatic arteriorenous fis-
tulas (Fig 75) has been revised since the close of World
War IT  Prior to that time most arteriovenous fistulas
were allowed to become chronic, where possible and
then were exaised by quadruple ligation and exasion ®
In a large percentage of cases this resulted 1n subse
quent relative 1schemia of the extrenuty distal to the
ante of exaision of the fistula * regardless of the length
of ume which had been permitted for collateral aircu
lation to develop to diminish the risk of gangrene fol
lowing exasion of the fistula In some cases it was of
course not possible to 1llow several wecks or months to
go by with the objectine of permuting the establish
ment of mcreased amounts of collateral arculation
since either heart falure fiom a large fistula or more
frequently risk of hemorrhage from an assocated en
larging false aneurysm had to be considered and op-
eration performed promptly

In marked contrast to the practice of quadruple iga
tion and excision the previously reviewed experrence
in the Korean War with arterial repair has revolution
ized management of not only simple artertal injury
but also of artertovenous fistulas. It has been found
that n management of almost all arteriovenous fistulas
it is possible to re-establish arterial contlnuity and 1n
perhaps a third of the cases to re-establish venous con-
tinuity as well following taking down of the fistula
Our personal experience has been quite similar  Dur
g the past few years we have operated upon arterio-
venous fistulas as soon as they were discovered B
identification ol the vern and the artery both above
and below the mte of the fistula 1t 13 possible to ap-
proach the fistula by sharp dissecuon and to take it
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down We have not imnvariably completely t1ansected
the artery Rather, when the defect in the arterial
wall has been small we have simply excised this por-
tion using a V-shape type of excision (Fig 68) At other
times, where a considerable portion of the circumfer
ence of the wall of the vessel was involved, this seg-
ment of the artery has been sharply excised and a pri-
mary anastomosis of the artery performed To do this
it has occasionally been necessary to {ree up the artery
both above and below for a considerable distance, per-
haps even dividing one or two collateral vessels and
positioning the extremity in such a manner as to
achieve maximum relaxation of the artery Such a
flexed position of the extremity should be maintamned
for from seven to ten days postoperatively using a plas
ter splint It 1s almost invariably possible to restore
arterial continuity and, frequently, venous continuity
as well by a similar type of operation upon the vein
A graft may be used 1f requned 4°

Complications of Repair of Arteriovenous Fistulas
Although complications of the repair ol arteriovenous
fistulas are relatively few, several deserve mention
First, 1t 1s of course obvious that one must avord dam-
age to nerves which may be incased 1n the hard fibrous
reaction which surrounds a chronic aiteriovenous
fistula This protection of the nerve from injury 15
best achieved by freeing up the nerve both above and
below the level of the arteriovenous fistula and then
tracing 1t very carefully into the fibrous or scar issuc,
maintaining 1dentification of the structure untl 1t
can be fully separated and 1euacted A second com-
plication of arteriovenous fistula 1s to have the fistula
recur However, one suspects that frequently 1t 1s not
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recuttence hut the presence of 1 second fistulh whose
bt could not he detected untl the fist fistulr had
been closed that accounts for the so-called recurtence
W e had such m expenience m oper iting tor i nteio-
venous fistulr 1 the thaigh of a medical student m
jued m  duck hunung acadent Lo our ntense
dismay severl days following operation the resident
detected a brust at 1 distance from the site at wlich
an arteriovenous fistuln between a ltrge muscle branch
of the femoral artery and n uljacent vein had been
exased  Prompt reoperition disclosed a second
smaller arteriovenous fistula between another large
muscle bianch of the femorl ntery and an adjacent
vein  In another patient anjured by a shotgun 1ca
dent theie was one arteriovenous fistula in the rght
antecubital fossa and a second one in the left popliteal
fossa Both of these weire managed 1t the same op-
eration  Since the expenience with the medical stu
dent, we have employed a sterile stethoscope at opera
tion both to 1denufy rpudly and precsely the exact
site of the fistula when palpation 1s less strong than
uual and to avoid mussing a second lesion

Third thrombosis m1y occur at the site of arterial
anastomosis or reparr but this 15 not common We
have not frequently employed heparinization since
we have found from experience that careful and me
ticulous arterzal anastomosis with mimmal trauma
and fine suture material will be followed by a satis-
factory distal pulse in a high percentage of cases In
fact, Instances of hemorrhage following the use of
heparin have somewhat reduced our enthusiasm for
1ts use systemically 1n pauents who have sustained
trauma  Our usual procedure 1s to explore and re
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was restored but the vein Iigated This prompted a
policy ol venous 1epan wherever possible, and 1t was
found that this could be accomplished m approzt
mately 30 per cent of the majo1 vemns mvolved m
arteriovenous fistulas Incadentally, eight patents re-
quired no opeiative intervention, since spontaneous
closuie of their fistulas and aneurysms occurred dur-
ing hospitalization Six of these involved major ves-
sels such as the common carotid, axillaiy and popliteal
arteries Two of the patients with aiterlovenous fis-
tulas of the 1liac vessels had developed these complica-
tions following lumbar interveitebral disc surgery, a
complication now generally appieciated 4% 51, 88,7

Hughes and Jahnke ¢ found that obliterative tech-
nics were acceptable for most mino1 vessel lesions, but
that 50 per cent of patients who underwent oblit-
erative procedures for lesions of major vessels had
poor results Sympathectomy was found to be a poor
substitute for reparative vascular suigery, with which
everyone would agree The presence of late vaiicost-
ties and swelling of the extiemities appeaed to be
related to venous ligation It was concluded that the
results of 1epairative operation [or aiteriovenous fis-
tulas were excellent, but that every effort should be
made to 1epan both the artery and the vein to prevent
late swelling of the leg

Causalgia

This discussion of arterial trauma would be mcom-
plete without further mention of causalgia ® ** 23, 2%
83,116 This 15 a post-traumatic pamn syndiome which
may follow various types of injuries, pai ticularly thosc
involving arteries or nerves The precise anatomic
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pathways over which this pamn 1s experienced are de
bated and in fact may be vanable but the sympathetc
nervous system has an mumate relationship to the
paint 1 many cases* ™ In fact most observers feel
that the majonity of instances of causalgic parn should
be relieved by blockade or section of the sympathetic
nerve supply to the part involved ¢+ ** Typically the
pauent has a burnmg pain atrophy of the skin ex
cessive sweating and hnperesthesin - Touching of the
mvolved extremity or even jarnng the bed may at
umes suflice to set off severe pain when the patient
was previously comfortable The condion can be
most debilitaing and 1t m1y be extremely chrome
On the other hand procatne block of the sympathetic
nerves supplying the part even once may suffice to
break the reflex pathways and the causalgra may not
recur  In other arcumstances the procaine block
establishes the fact that the pain is affected by blodh
ade of the sympathetic nerve fibers to the part,* and
sympathiectomy may then reliese the condition per
manently  Nesvertheless, not alwtys 1s the pain re
hieved by division of the sympathetic nerve fibers
though frequently there remains some doubt as to
whether the sympathectomy was complete

Closely related to the serious causalgias are trau
mauc edema and osteoporosis Sudeck s atrophy of
bone reflex dystrophy of the extremutics 3 segmental
artenal spasm and other conditions Over the years
there has been a tendency to divide the varous in
stances of cawsalgin nto so-called minor and major
@usalgias 3 #  Lamen ™ has pomnted out that true
major causalgias are rare 1n avilian pracuce, though
minor causalgias are relatively common  The causal
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gta which follows nerve 1njury seems to be moie often
associated with torn, crushed or partially lacerated
nerves than with cleanly incsed nerves There has
been some evidence that this is also true of aiteral
mnjuries, since {requently the artery need not have
been severed or even paitially divided for causalgia
to occur However, 1n most 1nstances 1t 1s difficult
to be certain that nerve injury 1s not also mvolved,
since in the extremities the artery and the nerve fre
quently lte 1n close proximity to each other
Treatment It is sufficient 1n many cases simply to
place the part at rest, to avoid trauma to the mvolved
extremity, to give appropriate sedation, and to allow
time for the causalgic state to subside spontaneously
This process may be hastened by a blockade of the re-
gional sympathetic nerves with procaine or xylocamne
In fact, as pointed out above, a single mnfiltration
around the sympathetic nerves with a local anesthetic
agent may suffice to break the reflex arc temporarily
and this may prove to be permanent Use ol tranquil-
lizing agents has been helpful 1n some instances
Nevertheless, theie are many cases of severe causal-
gia with the typical burning pamn, shin atiophy, e
cessive sweating, and erythema of the part which do
not respond to conservative measures These paticnts
are miserable and are virtually incapacitated by their
condition until permanent relief is obtamed by sym
pathectomy "¢ Although numerous cases are reported
in which the causalgic type pamn is not so relieved, m
our eaperience 1t usually has been reheved by sym-
pathetic nerve section  Lven so, i many cases 1
which sufficient ume has been allowed there has been
a spontancous regiession of the symptoms Agan,
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truc causalgic type pun should be dilferentnted from
other types of pun such 7 the shoulder vwm hand syn
drome which lollows myocardial infarction and wiich
may be associted with or 1 prelude to reflex muscu-
lar dystrophy of the involved arm  usunlly the left
Whereas rest and passine physical therapy frequently
will relieve the symptoms and physical findings of
reflex dystrophy such measures have not proved to
be as effective 1n the rehief of causalgia 3 ¢

Summary and Conclusions

1 Artenal tnjunes olten assume pruniry unpor
tance 1n the generml management ol trauma

2 Histonical background types diagnosis and treat
ment of traumntic arterial lesions are considered

3 The problems resulung from artenal injury n
clude contusion with or without spasm and/or throm
bosis laceration which may represent incomplete or
coruplete division loss of arterial substance aneurysms
(true and false) arteriovenous fistula and causalgia

4 The diagnosis of arterial damage is achieved by
means of the history and physical exammation and
arterfography plus surgical exploration when ndl
ated where doubt exists. The presence or absence
of pulses distal to the site of injury nesther establishes
nor excludes the presence or the absence of organic
artenal damage  Arteriography should be employed
more frequently than it has been 1n the past

5 Amputation rates following artertal mnjury have
been greatly reduced by prompt arterial repair - How
ever success achieved by direct arterial surgery 1s influ-
enced by the presence 1nd duration of shock, extent of
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other soft tissue injurics and f1actuies, length of time
elapsing prio1 to operation and infection

6 Most traumatic aiteriovenous fistulas can be 1c-
paired bydirectai ter1al 1econsti uction whendiscovered

7 Recent advances in the management ol acute and
chronic traumatic arterial lesions now permit restora-
tion of arterial continuity and pulsatile flow 1n many
military and perhaps most civilian injuries
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occlusion arterial, 39
\ngrography as diagnostic ad ancurysms 180
occlusion, artersal 12-19
See also Arteniography
Anticoagulant therapy, long term as prophylasis agnns
quent emboh 279-280)

m managament of major artcnal lestons
\orta abdomimal ancurysm diagnosss 182
ruptuned, managoment 227-240
unrupturcd moanagement 220-227

nasion 220 2,

290-227

()l_UU
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Indsion 21
e ratiny 1 £ wing ieaadm 1]
and ifuccation thymt us sedieding anevsn ol o
branches, throml mis, dizgiesis acitography 110111
and visceral hranches, ancuivame 218 11
aneuryum, dissccting 199 20
diagnosis, 201-203

ctiology 200
management 200 252, 201 ™03
prognosis 201 203

awcending Indwon lor opermtise approach 13-1
bifurqtion arrest of embx I at ™2-28
infrarcnal ancurysms 211-_1a
lTusiform 218-220
loner and arterics to Jowcr extremity otcdusion  See Iy
tremity Jower artenal supphy ocdovon
thoracic ancurysm 2
occlusion neurologic complications 207208
thoraco-abdominal and viuceral branches aneunsms 208-713
\ortic arch  See Arch mortic
\ortography as diagnostic ald ancunsm(s) 182
sorta zbdominal 21, 218
in ecclusion 37
aorta lower and more distal artenes 111-119
thrombosis aorta alxlominal branches 110-111
\rch zortic incision for operative approach 13-4,
occlusion diaguosls, 34
surgiaal treatment 647
nyndrome 33
Arterlal discase dlagnosis 1-15
artetogram 8-13
complications 10-11
interpretation 13
general considerations -5

history 6

of skin P res wlth thermocoupke 11
oscillometry 1314
pain 56

physical examination -8
ausculaton 8
Inspection 8-7
palpadon 7-8

phkthiysmography 15
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management, 15-27
antcoagulants, 21-22
bypassing, 16, 17, 19
fibimolysin 22
homografts and otha artenal substitutces, 22-21%
hypothermia i major surgery, 26-27
mstruments, 214, 25
patch graft to enlarge lumen of vessel, 20
regional sympathetic block, 20-21
resection and grafting, 16-17
suturing, materials, 21-26
mecthods, 26
sympathectomy  20-21
thiomboendartercctomy, 16-18
\rteriography as diagnostic aid m artenal disease, 8-19
ancsthesia, 9-10
ancurysms, 180
ancurysm, popliteal artery, site of occlusion, 261
cenvical mib syndrome, 79
comphcations, 10-11
embohism, localization of level of occlusion, 262
mterpretation, 13
mvolving arterial supply of upper extiennty, 67
occlusion, 39-11
hazards, 11
selection of approach 3911
radiopaque media, 39, {1
tumor, mtracranial 39
visualization medaa, 9
\rtertoscleiosts, ancurysms e thoracie dorta caused by, 177
Arterv(ies)  See mdindual names
\therosclerosis, obhitcratine, of digital artenses, 97-98
Anallary artery, 62
masion for oparatne approach, §3-45
A\is, cchac, ancuryvsms, 2193
thrombosis, 114

Basilar artery 90, 31 | ‘
Blood pressure, mosnremants - duagnosis of arternal ovdasion
47
Brachial artery, 62
Bramn artenal supph 30-92
rlation of sttobes 1o Ser Stobes and thar pehation i
tenad supply of nun
See abso mdu vdual arteries

131
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Bruit in fiuula artenoerons 8
in occlusion arterial 3¢
of lower extremity 111
at bifurcation of carotid arters 8
Bucrger s discase  See Thromboangiitis ebliterans
Ryvpass gral( aorto-femoral for occlusion aorta ilisc LI7-10
arterdal 1€ 1, 19 13
helow Lnee 156-137
with exchion ¢ [ involved segment 32, 332
occluslon @orta terminal and major anerics in ks compli
catiom 1b8-1,9
caotid arteny internal 18 ) ol
renal arteries, 126 130
vertebral arteny 03

Carotid artenn ancurysmy, 186-141
management 18X 191
bifurcation occluskon at 32
«ommon 3]
ket occluson snrgial treaunent 1617
aternal vccludon diagnosis 37
internal embali to 220
incislon for operative approach $3-f0
occluslon e Occlusion carotud artery Internal
thrombosh, diagnosls 37
Caumalgia $16-317
a3 complication of arterial tanma 3,6-3 9
treatment 3,8-3 0
Cellac artery occlusion 112-11,
Central nervous system  changes caused by strokes 38
Cerebral artery anteror 31
Internal 50-32
middie 31
posterior 31
Ceruical rib syndiome 76-81
anatomy and pathophysiology /6-/8
chinical findings /8-70
dlagnoaly 0
manageincut 40 H1

‘vasculur compllcations, stcondany to cervicat nb compiewion
78

Clreke of Willis, 30-32 38
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Claudication, antcrior tibial muscle compartment, with inwom
plete arterial occlusion, 156
intermittent, m arterial disease, 5
Coarctation, reversed, 33
Colon, gangrene, from occlusion of superior mesenterc aen,
114
Compression of artery, 1schemia from, 321
Contracture, Volhmann's 1schemc, 328
Contusion of artery, 311-313
with or without spasm and/or thiombosis, 321-326

Daaon, for bndging aiterial defects, 23 111, 175 226
Death, from embolism, aitertal, causcs, 271

Sce also Mortality
Dicumarol m management of artcnal lesions, 22
Digital arteries, 62
Dilatation, poststenotic, physical hasis, 177-178
Dystrophy, rddlex neurovascular, 86-88

management, 88

1 mbolcctomy, 201-271, 283-28%5
late, 269-270
tcchme, 266-271
techmc site of anest, 267-269
Lmbolt arrest at brfurcation of aorta, 282-28%
arterial, muluple and repeated, 251-252 oo
pathophysiology and mechanism of 1schemia due 1o, 952241
sites of lodgement, 218-252
mcchamcal factors, 252
types and sources, 211-218
to caroud artary, iternal, 280
to fcmoral artary, 285
to pophtcal artery, 285-288
to upper extromty artenes, 280-281
to viscerdl arteries within abdomeon, 281-262
See alvo 1 mholism
I mbolisim 213-2%9
arterial chimaal pramres 277-258
death from couscs 271
dnignosis 255-262
Jiffarcntr g 298 202
pun aschomic v nemologie, 260, 202
thhhomboste artenal 239-201
venous 254 059
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cxaminaticn phnsical 236 2
paluatsymptnn <
management 2o 271
cenative measures 2304
cmbolectormy il 271
late 260-170
technic 26—l
site of arreyt A07--69
retrograde flush technle 270 271
prognosis, 26—
Limb sunijsal 273 1
acconding 10 cinbolic she J7 =278
mortalinn 271-27
prophylasis against sulnequent emboll Z78-240
antlcosgulant therapy kg term oy 1 2830
operative medsuses iR 270
slte of arrest 256-2 7
upper extremity #9100
‘e also Emboli
Cndarnterectomy 43
occlusion carotil! arteny Internal 18-,0 o2
vertebral antery 53
Endarteriths with arterlovenous fistula 319-3,0
Endocarditis Iactertal subacute with arterknenous fiscula 319-
3.0

Faamination phsical in arterial discase 6-8
auscultation 8
inspection G-+
palpation 7-8
UpPET extsemity 66-67
embolisn arterial 236-237
in occlusion 37-30
Fxchiion fistula anterinenous 3,0-35.
of seginent of artery with ar without grafting 32 331 311
Extremity bower arterlal supply anatcmy 130-131
collateral direulation 134-136
history an! phygeal fnudings 133
occlunon 1%50~157
aorto-illac 1{1-150
surgical tregiment 113-150
chinical findings 150-133
dlagnosts 136111
nortography and vhuallzation of more distal arteres
141-143
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ncurologic, 138-140
physical iimdings 110-1 11
symptoms, 196-148
fomoral and more distant aitenses, 151-157
stigical bcatment 152-157

tarnunal aotta and major artees i legs, 157-105

comphcaations referable to grafting, 158-159
management 159-16%
upper, aitenal supply, anatomy, 62-01
discases tmvolving, 61-109

ancurysms, 98-99

diagnosis, 66-67

cmbolism, 99-100, 280-281

female, imddle aged, syndrome of, 91

obliteratine atheiosclerosis of digital artenses, 97-98
occluston of major aitertes Sce Occlusion, mujor .4

tcries of upper exticnity
Raynaud’s discase  See Raynaud, disease of
rcllex newmovascular dystrophy, 86-88
sclerodeima, 91-95
signs and symptoms, 61-60

1ischamia, 61-65

necrosis of fimgertip, 65-60

thoracic oudet syndiomes  See Scalenus anticus Sin
diome without cevical rih, and Cernvacal b syndronc
thromboanguus obliterans  Sce hrombhoangnus obln

erans
yibrating tonl o1 percssion ssndrome, 92-97
traiumatic mmjurics, 100

Icdlon, *false  masion, gangiene from 6
Female, middle aged, ssndrome of 91
Iamoral artery  mcurvsms, 231-2144
common, as site of arrest of arterial cmboly, 267-204
cmboli to, 2 245
occlusion segmentyl artcriogriphs =19
Fibnnolvsin m managanent of mgor artcnl losons w
Finger(s), artenies obhiteratine athorosclerosss 07 -1
plathvsmography - See Plathysmog iphy digital
Fistulags) rteumannus (A V) H5-%16 115950

comphartions cod aws sred s rcure bt rnd one

e $19-150

femoral, 2

ITEL
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historical notes, 313-31>
prognosis with surgers 31i-1,6
traumatic 31> 317
large pathophysiology 317-319
carh changes, 31.-319
late changes, 310
management 330-3,2
compliations of repafe 3,7-3. 1
types and sites, 31-31/

Gangrene cobon from eccluddon of supenior mesentenc arten
m
umall fntesune from occludon of superior mesentenc arteny
1t
Crafting of arten See Bypass grait artenal

Hematoma pulating (falie ancunysm) 312-311 318-37%

Heparin therupy arterial leslons 22
embollkm 263-261

Homografts for bridging arterial defects 22-23

Homotransplantation of presened arterlal segments  proneer
worl 16

Hypaque as radiopaque medium in aertography 111

in arteriography @ 11
Hypothermia wse in major artenal surgens 26-°7

Niac artery aneurysms 21 1-.15 231-233
Inchdon(s) mid line alxtominal ancunsm unruptured of ab
dominal aorta 221
approach 1o superdor mesenteric artery and anrta 145 110
in emhobectom) 283281
opemative approaches to arteries 13—1o
mesenteric artery superfor 124-123 11 116
scalenus anticus syndsome without cervical nb o4 43
Injuries to arteries traumatic 303-360
Qunlgia as complication 3,6-339
treatment 838-339
clnical pictures, 317-318
diagnosls $1,-32,
Tocntgenographic 310-311
surgiaal exploration 321-322
historcal considerations 206-311
amputation rates in war prior to 1930 506-310
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Koiean War experience 310-311
relation of treatment time lag to amputation rate 509-310
Kkmife or gunshot wound, 317
management, 322-359
ancurysms, aorlic, 339-912
false 331-339
tue 33, 339-412
fistulas, artenovenous  See istulads), arteriovenous
genceral considerations 922-321
simple laceration with mcomplete o1 complete divssion,
330-331
spcaial myunies, 324-330
contusion with or without spasm and/or thiombosis
321-326
spasm 326-328
thrombosis, 328-330
significance of pulses, 318-322
types, 311-317
ancurysms, true or false, 312-311
causalgia as symptom and problem, 316-317
contusion, 311-313 i
fistula, arteriovenous (A-V), 315-316
laceration, 312-913
loss of arterial substance, 312-%11
Innominate artery, ancurysms, 186-191
management, 188191
occluston, surgical trcatment 1617
Instruments for vascular surgery, 21 25
Intestine small gangrene, from occlusion of suptiior meseptenie
arten, 111
Ischemia duc to artcrial emboli, pathophyvsiology
amnsm 252-254
tog, ciologs 190, 197
upper oxtiomty 64-65

andd neh

shy ol
Rorean W expericnce, traumdatic imjunes 1o arteres AL

I aceration of atcry 312 313
simple waith incomplere o1 complete division 3
tre ttement 331-95141
Fonche ssadrame 109 {90 194 218 220

HINRN

AMoalabsorption ssndrome T 120121
Viarfan s ssidrome 192-0493



Index 351

Martorell s ssmbiome $9
Mesentenie aitery Inferfor st jon 1%
supcirm ancununs |3
cxponie Ly mid line al Faninal inasion T Tt
occluston =10
dinfaal indlugs 117-1.1
pain 117-120
npevol cses 120
diagnasts 121173
goneral comdderations 11-116
malalrorpion wadreane (20-121
management 123127
partial 2
thrombmis 113 111
Mortality emx ham arterdal 271-275

Necrosls, cystic inatlal including Marfan s ssndiome 107-193
fingertip In dbseases imolving artenal supply €60
Vollmann s fschemic 38

Nvion for arterial replacement 3 M 1o

Occlugon(s) sorts temminal and major arteries In begs, 15,~163
omplications referable to grafting 158-150
management In which restoration of pulstile flow 15 not

pouible 159-163
consenatise ncasures 161-162
sympathectomy 167163
thorade neurologlc complications 20,-203
sortic arch surglal treatment {647
2orto-flac 141-150
Inpass graft aorto-femoral 114~10
mh lne alxlomlnal incision for expasure 115 110
thromboendartereciomy  118-150
arterial extraaantal stes 32
incomplete with anteiinr nbial muscle compartment elaud:
catfon 156
arterls supplying braln strohes.  See Stroket and thelr rcla
tion to arterial supply of birain
arothl artery external diagnosds 37
interna) 2 8 32
diagnosiy 37 39 40
wirgical treatment, 17-52
bypass graft 18-50 52
endarterectomy 4850 52
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asteinal shunt (748
patch graft in closing artetal mnasion 50-51
cchac artery 112-115
common carond artary ot surgical catment {o-17
femoral arteny and more distant artenes 151-157
surgical eatment bypass graft, 152 159
below knee, 136-15%7
sclection of prosthesis, 159, 134
thrombosis after operation, 154-153
major arteries of upper extiennty, 81-86
chnical findings, 82-85
management 83-86
mesenteric atery, snfenor, 126
superior  See \Mesenteric artery supernion, occlusion
renal artenses, 125-130
management, 123, 130
pathophysiology, 125-140
subclavian artery, 36, 37
vertebral arteries, cerebial ischomia fiom 7
diagnosss, 37
surgical treatment 5%
Ophthalmic artery, 37-98
Ophthalmodynamometry as diagnostic aid, occlusion, a
37-349
Oscillomctiy as diagnostic ard i arterial discase, 13-11
occlusion, 37

Pam i artertal discase, 5-6
ischenme arterial, -0
vs ncurologie, i arteal embohsm, 200, 202
Test, 3n progressine sschomia 3
s ssiptom cmtholism, artenal 25
Gpes m occlusion, mesenterie artery, supenor 117-10
upper ovtromty canses 72
Papvenne for rchel of spisman artennd ambolism 2ol
Patch graft an closure of artenal snasion ocdusion o
cuond artery 30-51
of ssathetic matcnal 1o cnhuge Tumen of vesd
Perenssion o1 sibratimg ool svidrome 42-43
Plethysmography dyatd s dognostie ad an arternh dhs
artert il supply of uppar extiennty, b7
cmbolisgs Ioclizition of lovel of occuaon 20

-
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Jopliteal artery ancurysin(s) 231-233
ruptured atheroscherotic 231 232
emboli to ZRI-288
1 riscoline §n management of tschemia of Jomer entiemities 161
162
for relief of spasnt In arterlal embolism 263
Profunda brachif anen @
fale apeurysm aridng from 319-370
Prosthan bypase, ancunyam of aortic and 1%
fnsettlon after sesection f artery 16 17
Pubclew discase 33-%1

Radlalarten GL
Raymaud discase of 83 92
management 91-92
phenomenon of 8. 83 &0
Reflen neurmascular dystrophy 86-83
management 83
Regional svmpathetic nerve bhk for arterfal ocddusive discase
w021
Roual artery (ies) ancuryums 214
occlugon ° 15-130
management 123 130
pathophysioky 123-1%0
Rephacements arterfal 11t
Resectbon aortic anch for ancuryan 19,
and grafting 16-17
Rocntgenography as diagnostic afd ancutysm aorta abdominal
217-220
thoradc, 180 310-341
cenvfcal b nndrome 49

Salenus anticus gyndiome without cenical rib anatomy and
pathophysiology 6869
chnial findings 69-72
differentfal diagnosts (1-72
inddence 68 63
mamagement +2-7,
fympathectomy 414
tiaumcise Incsion alxne clavacke €9 43
Scherodernra 94-93
Sex @ factor in fnadence salenus antcus syndrome without
cenvial db 68 69
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Veitebral artery, 30-32, 62
maston for operative approach, 13-17
occluston, 2 32
cerebral ischenna from, 7
dragnosis 47
thrombosis, diagnasis, 37
Vibraung ool or percussion syndiome, 92-43
Vinyon “N,"” for hridgmg arterial defects, 29
Volhmann, 1schemic contracture of 328
1schemic necrosss of, 328

Willis, circle of, 30-32, 98






