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INTRODUCTION .



CHAPTLER ONE .

INPRODUCATLON .

The development of surgilcal methods in the
treatment of arterisl occlusion has gonstituted one of
the outstanding conbtributions to the advancement ol
Gurgery in the post-war years and with it hes come en
increased wndersianding of the underliying factors
involved. The initial stimulus came from the development
of safe methods of suglogrsphy which delineated the
lesions producing symptoms and created a challenge to
surgeons o desl with the mechanical factors responsible.
In the field of peripheral vasculay dlsease, wvhich ig
largely, though far from ezclugively, the effectns of
atherosclerosdis on the abdominal aorta and 1lis
tributéwieﬂ, advance has been swift and much of the
current literature is devoted to the assessment of
surgical techniques and the results that cen be obtained
by whilising them.

The difficulty of obtaining reliable
information as to the physiologlical digturbances induced
by alteration in blood flow, and the relative absence
of physiclens actively interested in this field has
tended to 1imit the scope of fundamental resesrch, hut

much has been lesrned about the disesse itselfl through



increased application of radiological and surglcal
techniques.

The netursl history of atherosclerosis in
the lower 1limb has been establighed by the monumental
gurvey of 1476 untreated cases of claudicatlion carried
ocut by Boyd and his collsagues and reported by Boyd
(1960) and by Bloor (1L961l). This has established & base
line gsgalinst which surgeons can agsesgs the resulis of
surgical treatment. Boyd and Blcoor confirmed that
internittent claudication is in many cases a benign
condition which does not progress, yet in others 14
pregages a relentless detevioration to gangrene or death.
Unfortunately, it is not yet possible to differentiate
betwsen the twoe types of claudication iun the individusal
pavient.

This thesls has been written in an atbempt
to vorrelate the information gaimned during an experience
covering six ycars. A major portion of the material has
been %the analysis of 528 femoral arteriograms performed
in the investigation of a comprehensive group of 264
nale patients with intermititent claudication due to
femoro-popliteal occlusion, and the analyslis of 90
aortogrems in patients with claudication due to aorto-
iliac occlusion. Phe pattern of arterial occlusion has

been eluclidated and the materisl has been supplemented
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by additional lllustrations where necessary.

For convenience in reading, phobographs
and other figures have been bound separately so that
illusitrations and text can be read together, and tables
have bheen included in the appropriate portions of the

text.,
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HISTORICAL



CHAPTER_TWO .

HISTORLCAL ASPRCTS OF INTERMITTENT CLAUDICATION.

The commonest symptom of arterial
insufficiency in the lower limb ies intermittent
clendication, i.e. pain developing in ceriteln groups
of mugeles during exercise which produces intermittents
limping (Latins~ cleudicare - to limp).

Thig pain 1is most commonly Telt in the calf
mascles and i described by patients as a cramping type
of pain which develops after walking a variable distance.
in its mildest form, it may be merely & feeling of
tiredness in the leg which causes the patient to walk
more slowly, but, as the condition develops, the pain
increases in severity and he is forxced to stop and rest.
The perin passes off within a few minutes and he ig then
able vo walk a similar distence before the pain recurs
and compels him to halt once more.

The condition was first described in horses
in 1831 by Boullay, a French veterinary surgeon, and it
was leter found to be sssociated with occclusion of the
nein aytery of the leg. More than 20 yecars passed until
Charcot, a Parisian surgeon, described the condition in
nan in 1858,

In 1931, Lewls published the results of his



agtudles on the mechanism of production of the pain and
showed that 1t is due to accumulstion of the products

of muscle mebabolism. In the presence of arterial
occlusion proximal to the affected muscles, metabolltes
cannot be removed ag guiclkly as they are formed and these
soon reach a level st walch the somatic ﬁerva endings in
mascle are stimilated and pain is produced. In 1934,
Kisaln showed that it waes not necessary for the srtery
to be occluded by disease when he showed that & similar
pain een be produced in a normal limb by muscular
gxercise when the arterisl civoulstion is stopped by s
pneunatic towrniquet.

Although the condition was initially
described in the middle of the 19th century,
'opportunities for the study of claudicgtiom were few.
Blucldation of certain aspects had to awaelt the
development of x-rays, the pioneer studies of R, dos
Sentos in sortography (1929) and the development of the
modern contrast media.

Mollowing Rontgen's aanouncement of the
disoovery of x~rays in Wurszburg in 1895, attempis were
made in various fields to uwtilise this new technique for
the elucidation of disesss, The demonstretion of blood
vessels in amputated limbe was achieved in 1896 hy

Hagechek and Lindenthal in Germany and separately in the
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same year by Destot and Berard in France.

John Melntyre, who founded in Glasgow the
gecond oldest diagnostic x-ray depariment in the world,
aleso experimented with the demoustration of blood
vesgels in amputated and autopsy materlial. AL first he
uged chalk which had been used to produce the earliest
plietures, but he also tried other radio-opagque materials
such ap calcium sulpvhate asnd compounds of bismuth and
bariwnm,

A the technique of redlology lmproved and
exposure times became shorter, the search for improved
opagne medisa was intensified and, in 1923, Sicard and
Porestier of France dlscovered the value of iodised
poppy=-seed oll. Following experiments on dogs, they
injected 4 ml. of liplodol into an arm veln and Ffollowed
the course of the dye as it flowed to ithe heart and
pulmonary artery.

Phe first angiogrem of & peripheral vessel
was produced by Berberich and Hirsch of Germany in 192%
by dnjecting strontium bromide into the arteries and
veing of the hand, and the firet successful arteriogram
of the leg ln 1924 by Brooks of the United States of
America using sodium lodide. Hisg method was t0 expogs
the femoral sriery in mid-thigh under local susesthesla,

then to inject LO00 grammes of sodium iodlde in 100 mlis.
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of water during s short period of general anaesthesisa
with nitrous oxilde. This technique proved to he so
guccessgful that 1t remained the standerd technigue of
fenoral arteriogrephy Lfor many years.

At the same period, H. dos Santos of
Portugal and his colleagues Liamas snd Caldse were
developing the techmigue of trans~lumbar aortography
and they published thelr paper in 1929. They injected
20 wl. of 80~-100% sodium iodide solution into the aorita
through a needle inserted Cfrom the back using a
compressed air machine., The essentisls of this technlique
vemain the basis ol trans-lumbar aortogrephy, but at
that time a violent controversy srose concerning itm
value and its dangers.

In 1941, TPerinas In the U.5.A. lntroduced
the method of sortography by femoral catheterisation at
open operation and Seldinger (1953) subsequently devised
the method of percutaneous arterisl cstheterisation
which l& now universally known as the Seldinger technigue.
The acouracy with which the siting of the dye injection
can be controlled by thils method and its versatility of
gpplication to anglography of the rensl, superior
negenteric, and coeliac axis vespels hove established
the method as a standard one.

The routine use of sortography by either
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mevhod was slow to develop and this, o a large extent,
was due o the use of sodlum iodide s a medium,
However, in 1942, Neleon snd separetely Doss in the U.S.A.
published accounts of the use of aorivography in the
investigation of renal disease and the method galued
ground. Progress in this country remained slow and it
was not unbll 1950 that Griffiths published the first
British secount of aortogrephy in renal dlisgnosig.
Initially, aortography wes utlilieged in the
Aiagnosis of wrensl digease and, slthough occluslve
arterial disesss wes occaslonally demounstrated
ingidentally, thers was no impetus to bthe routine use of
either sortography or femoral snglography until surgical

advences made it essentlial to have anglograms performed.

Gontragt Medie.

The development of the modern trimolecular
orgenle ieodide compounds has eliminated meny of the
hagards which prejudiced the sstablishment of snglography
as & roubine procedure.

the eaxly development of conirast medis was
due o urologloesl stimilus. The initial use of these was
to ontline the bladder amd, later, the upper urinary
tract, but, in 1923, Osborne and his colleagues

adnlonistered sodium dodide intravenouely or by mouth
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and visuallged the urdinary tract in half the cases they
examined.,

The diseovery of the medern organic
gompounds was made by Binz of Frankfort (1919) who was
working on the Balvarsaun group for use in syphilis and
fortuitously produced & substance ealledlﬁelectan whieh
was later found (o be excreled in bile and uwrine.
Uroselectan was developed later, and in 19%L Lichtenberg
produced Uroselectan - B, the original member of the
Iodoxyl group. Discovery of Abrodlil, the original member
of the Diodone group, came later end eventuslly, in 1950,
Bodium Acetrizoate was introduced. This wes a
trimolecular organic compound with & higher lodine
content than either the Yodoxyl or Diodone groups.

This group of acetrisoate drugs has o high
dodine cowntent which gilves better x-ray contrest yet
has proved to be less toxle and more rapldly eliminated
than older media. There are now gtandsrd medis for
intravenous use, e.g. Hypaque (Sodium end N-methyl-
glugamine salte of %5 -~ diacetamido = 235436
tri~iodobenzolce acld) sud Urografin ( A mixbture of the
gsodium and methylglucamine salis of 3, 5, diacetylamino
2:436 triodo-bengolie aseld). Triosil ( & simple solution
of sodium metrizoates Sodium 3 - acetamido - 21436 -~

tri-iodo~ 5 =« N -~ methyl acetamide-~benzonte) is & more



recent introduction which ies manufsctured in this counityy
and is leso viscous and possibly more radio=opague than

the other two in equivalent concentrations.

Dovelopment of Vasculsr Surgery.

The progress of vascular surgery in the
garilier part of this century was slow and was mainly
concerned with the treatment of gangrene, the cure of
eneurysm, and the use of indirect methods 0 produce
vaso~dilatation. In 191%, Leriche iluntroduced perisrterial
gbtripping 0 relieve vasospasm and induce vaso-dilatetion
in the peripheral arteries. The resulte of this procedure
were variable and it was later realised that it 4id not
produce an adeguate sympathectomy owing to the existence
of other pathways via the somatlc nerves,.

In 1924, Royle and Hunter performed
sympathectony for spastic paraplegis and noted that the
limb on the operated side became warmer. Following this
and other observations on the lucreased warmnth of the
foot following sympathectomy (Adson & Drown, 1925) the
operation was applied to the ischaemic limb wlith varyling
degrees of successg. lumbar ganglionectony is etill
performed but with a beliter appreciation of its
application and limitations then formerly (Glllespie,
1960} .



Direct arterial purgery may be sald to have

hegun when Murphy (1897) described a method of suture
for large arterles. Cerrel, in 1902, degcribed certain
bagic principles and a vechnlgue which he applied to
experimental animale in 1908, and, in 1912, Lexer
exeised a popliteal aneurysm and replaced it with a
funetioning velin graft.

In 1913, Hogerth Pringle, who was on the
atafl of the Glasgow Royasl Infirmary, successfully
exelsed & popliteal aneurysm and resiored coniinulty by
a veln graft and aleo performed & gimilar successful
replacement of a trauwaetic brachial aneurysm., In 1914,
Subbotitoh presented the Livrst large series of
reconstruective opevations for travmetlic aneurysm and
arteriovenous fistula where the vessels were repaired
by suture, and this Formed the basls of treatment Loz
My years.

The dntroduction of heparin by Murrsay of
Toronto lxn 19%9 when he reconsitructed the poplitesl
arvery with an sutogenous veln grafll increesed the
poselblilities of success but arterdsal grafting played
relatively Little part in the injuries resulting from
World Wer 11 {(19%9~19045) and the Kowean War (1952).

In 1949, Gross, BLLL and Peirce showed that

homogralts could be sucoeoessfully used for sortic
g



replacement in man and this stlmulsted the use of
homografts and the development of aritery bhaenks.
Inivially, grafts were refrigorsted in saline nutyrient
medlia but rapid {reeging and storage in solid carbon
dloxide (Hufnagel and Basbeott, 1952.) and freezme-drying
(Bastoobtt, 1953.) were later introduced to overcome the
difficultien of storage., The difficulties of collection,
storage, and handling were formidable and as subseguent
reporte of anewrysmal dllatetion in honografte appeared
and synthetlic prostheses became popular, homografis
were largely sbhandoned,

In 1952, Voorhees, Jaretzki, end Blakemore
deserined the uwse oL & cloth tube 4o replace the
ehdominal aorte in dogs and other materials were
introduced and later dilscerded e.g. Ivalon. The
introduction of Dacron {(De Bakey and his colleagues,
1958.) and Teflon (Robh, 1957.) proved so successful in
clinical use because of the ease of hendling, storage,
and sterilisation thet they have now largely veplaced
homograita.

Although synthetic graltes have been
successiul in aorto-illac surgery, they do not give
good resulis in femoro-popliteal operations and other
methods have been developed.

In splte of early success with vein grafis
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(Lexer, Pringle.) snd the report by Weglowski (1925) of
long=term patency in 40 velin grafts inserted forx
traumatle ansuyrysm and arterio-venous fistula, thesc
were seldom used until Xunlin (1951) weporited ou thedy
use as long hy-pass graftes in femoro-popliteal occlusion.
windleyly, abttempits at vhrombo-endarterectony
had been reporied by Gaak (1912) in a series of collected
cases but this technigque 4id not hecome standard until
the work of J.C. dog Santos (1947). Subsequent
developments led to the use of arterial strippers (Cannon
snd Barker, 1955.) and to the uge of vein patches or
strips to close the arteriotomy (Bdvards, 1962.). Various
comblustione of these nethods sre now belng assessed in
currvent literature.

Although Reconstrnetive Burgery 18 not the
1deal treatment for chronic generalised obliterative
arterditis as it doss 0ot prevent deteriovetion or induce
regresaion of the disesse ilteell, It la valuable in the
alleviation of symptoms and in the salvage of limbs
which might otherwise be amputated. Its Introduction
conphitutes one of the receni advences in Surgery which
is stdll in process of evolution and the final chapiters

of its histoxry have yetv to be writtei.



ol G

CHAPTIER THREE.
ANGIOGRATHY .



CHAPYER THRLE.

ANG TOGRAPIIY

In the study of arterisl occlusion, several
methods of lavestigation may be employed but the moszt
imporbant aﬁd informative is anglography. This has been
made relatively easy ond sale by the development of the
nodern contrest media snd by the adoption of
percutaneous techniques which have superceded operative
gxposure of the vessels.

Angiography is essentisl for the aocurate
asgessment of the nature and the extent of the discase.
It provides confirmation of the disgnosig of
atherosclerogls, gives a graphic illustration of the
gsite and extent of srderial occluslon, of the state of
the vesseles sbove and below the occluded segment, of the
preseﬁce.of obther uneuspectod lesions snd an indlcation
of the pattern of the collateral circulation. Incipient
occlusions are revealed and the possibility of fubure
occluslon cen be evalusted.,

1t ig, therefore, widely employed in the
selection of occlusions suitable Lfor reconstructive
BUTSETrY «

The two princlipal methods used in the lower
limb are aortography and femoral arterlography.

In the preseni series translumbar sortography
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vag employed where weakness or absence of one or both
femoral pulses was noted. Where the femorsal pulses
appeared normal, bilateral femorsl erteriography was
performed.

ow e CB Em s owm

A. TRANSLUMBAR AOCRTOGRAPHY.

Since dos Santos (1929) published his
accounnt of the nmethod of translumbar sortography to
outline the aorte end its msin branches, improvements
in technique have been made but the method remains
basically the same. Vieualisetion of the abdominsl
aorte and its branches has become an essentisl part of
the investigation of pstients with suspected occlusion
of the aorta or iliac vessels.

In essence, the technique involves the
forclble injection of radio=-opagque dye into the sorts
through a needle introduced from the left lumbar region
posteriorly and the exposure of one or more radlicgraphic
films to record the outline of the vessela.

The level of the sortic puncture is usually
varied according to the informetion required.

Where the dnvestigation is urological

requiring visualisation of the rensl vessels, the necedle
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isn directed upwards o enter the aorta at or about the
level of the first lumbar veriebra. When one wishes %40
demonstrate the occlusive lesions of atherosclerosls, it
is preferable o puncture the sorta below the level of
the renal vessels and thus diminish the inecldence of
renal complications which can follow the rapid injection
of a large volume of dye into the renal arbery. In such
cases, the aorte is entered aiv or about the level of the
sgoond luwbasr vevtobra nesy the origin of 4the inferlor
messnteric artery. This procedure, often called 'Ylow
lumbar sortography®, is ususlly satlisfzoetory as the
majority of sortic ocelusiong involve the region of the
bifurcatvion.

Becsuse of the high rate of bleood flow in
the aorte and the resistance to injection produced by
the dlameter of needle uased, hand pressure injection
doga not give satislactory results, snd sgome method of
high pressure injection is required. The motive power for
raplid injectlion can he obtained by using a cylinder of
comprensed air or oxygen &s was originslly used by dos
Santos,

Melick and Vitt in 1948 described the use of
an injector whose motive power is produced by a strong
gpring and they claimed satisfactory results in proctice.

In 195%, Stirling introduced an injeetor
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which utilised the force which could be transmitted +o
the syringe piston by manual depression of & long lever.
Por many of the aoxtogrems performed in this series, the
original protolype of Stirling's mechine was used. The
apparatus is illustreted in Flg.l where the syringe 1s
seen to be supported on a pletform by two clipes ascrewed
into position. The levey is hinged at one end and a ¢ap
overlies the head of the piston and transmits the
pressure applied at the end of the lever with a
mechanical advantage of about fouwr. With this type of
injector it is possible to inject 20 wl. dye in 2-3 secs.
This displaces the equivalent volume of blood in the
aorba producing a golumn of dye which outlines the sorta

and mein veasgels when recorded radiclogically.

Technigue.

Materials 3 The injector machine (Fig.l)
with & 20 ml., Luer-Lok syringe mounted snd filled with
dye. Luer-Lok fitﬁingé are essential as the pressure
generated will caupe disengagement of ordinary fittings.

Pregsure rubber tublug (solid rubber tubing
with an outer coating of woven cobtton fibre) is required
o obviate the dissipation of pressure which ocecurs with
ordinery rubber tubing and this tubing has Luer-Lok

fittings at cach end.



The needle used is of No0.1l8 gauge (0.95 mm.
internal dismeter) with Luer~-Lok mounting. Thls gives
satiefactory technical results and is less likely to
damege the aorta than s needle of larger bore.

Improvement in the contrast media avallable
for aortcography has been rapld in recent years and 76%
Urografin has been used for most aoritograms. Recenily,
Triosil, which is manufactured in Britain sand is less
viggous than Urografin, hes been used,

As the examination would produce pain and
movenent in the conscious patient, general anagsthesio
is required and this has the advantage that controlled
apnoeca can be obbtalned by the use of modexrn snaesthetic
druga.

The patient is prepared for general
anaesthesla by premediceation of 50 mgme. pethidine and
gre. 1/1.00 atroplne. Prior tc commencement, @ test dose
of 1 ml. 76% Urografin is given intraevenously to detect
possible canes of allergy to the dye.

Anasesthesia is induced in the supine position
on ‘the x-ray table with pentothal and secoline snd
intubation of the itraches iz performed with & cuffed
laryngeal tube. It is continued by the method favoured
by the anaesthetist, e.g. cyclopropene snd oxygen,

nitrous oxide-oxygen-trilene, etc. and further scoline




ie given as required to permit control of respivatlion
and production of apnoea when reguived.

When anaesthesls is satisfactory, the patient
is turned into the prone position (Plg.2) and preliminary
radlographle exposures are made 0 check exposure faciors
for the patient and the siting of the Lilm.

At the same time, the operator is preparing
the injector machine and filling the syringe and tubing
with dye. The 20 ml. Luer-Lok syringe is ¢lipped in
poaitlon eand the controlling clips carefully tightened.
Hecause T6% Urografin is viecous and the piston of the
syringe teads to stlck, it ls desirable to wash out the
syringe with saline belore use, and to f£ill the syringe
only when the patlent is almost ready for injectlon. When
Triosil is used thia precauntion can be omitted owing ©o
its low viscosity. The pressure tubing is filled with
dye to exclude alyr and atteched to the syringe filled
with 20 ml. dye. The lever of the injector is then
dapresped o teslt the appsratuvs for leaks and easy
movenent and the syringe ls refilled ready for use.

A sharp needle 14 cms. long of No.l8 gauge
with a short bevel and stillette is then selected. The
site of the needle punciure is preparsd with methylated
gpirit and the arves towelled off. Sterile gloves mey

be worn il desired, but greaver sensitivity in locating
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the aorta may be obtained without them. The needle-i@
entered st & point below the left 12th rib about 12 cms.
from the midline (Fig.’) and directed antero-medially
in & slighitly wpwards direction to reach the side of
the vertebral column. The needle is partly withdrawn
and directed anteriorly towsrds the front of the
veoytebral bwody where the elastic resistance of the
enterior Longltudinal ligement is often felt.

A6 this stage, the final adjustment is nade
and the needle is papritly withdreawn and imcelined more
anberiorly to reach the equivalent depth of the previous
poslition. On further penetration, pulsabion may be
trensmitted from sorte to needle if the giting is correet
although pulsasion is not always felt in atherosclerotic
sovitas and, on further pressure, the needle is felt to
Pagivol suddenly as it passes through the sortic wall,
The gvillette 1g withdrawm aud, 1f the puncture is
successiul, blood will flow from the needle. Using &
No.18 needle, the blood does not spurt but gives a reapid
pulsatile flow. Should no bhlood appear, the needle is
carefully withdrewn as it may have paessed Into the aorbta
and penetrated the right aortlc well. If no hlood e
obtained during withdrawal, the gtillelte ls replaced
and exploration continued,

When aortic punciture has been accomplished,



the needle is wrotated several times to ascertain that
the blood flow is malntained in all positions of the
needle., This is an essentlial precaution as it is
possible to have a satisfactory flow in ons axlie and
not in another, When the flow from the needle ig
satisfactory in 21l axes, the tubing is connected and
the twist lnparted during looking is allowed Yo unwind.

Preparation for injection is now complete.
Phe axnseathotist produces epnoea =nd the radlologlist
is alerted. The pressure tubing is firmly held to
prevent the rotation induced by the pressure of injection
and an asgistant depresses the lever of the injector
nachine steadlily and foreibly. When the filmg have been
taken, the tubing is disconnected and the flow of blood
reaggessed. If the flow is comparable with that
previously obtaeined, it cen be assumed that injection
has been satisfactorily eccomplished. While the first
x=-ray filws are beling devoloped, the syringe is refilled
wlth dye in preparation for a second injection.

The procedure is terminsted after & second
injection of 20 ml. Urografin. Should either injection
prove techuleally uneatisfactory, a third injection may
be given but not & fourth. If the rensal vessels have
been outlined, or damage 0 the aorte is suggested by

outlining of the adventitial sheath, & third injection



mast not be undertaken and it is usually preferable to

repeat the sortogram at s later date,

Radiological Considerations.

It is possible to obtain reasonebly good
films of the artexrial tree as far as the popliteal
bifureation (Fig.4). The aorte and ilisc arteriss are
exposed on & casgette placed in & tunnel under the
x~ray table using the Potter-Bucky dlsphragm for betber
definition and films of both femoral arteries are taken
by placing unscreened {ilms below the thighs of the
patient (Fig.2). Because of the aree 0 be covered, a
long tube distance (50 inches) is used and the operator
ia protected by a lesad apron. There is some spresd of
direct radiation using this technigue but measurement
of the skin dosage has shown thet the level of vadistion
ig accepisble in & procedure which iz not performed too
frequently.

The exposure 1s a compromlise between thab
requlired for visuselising the trunk on the upper film and
that required for the thighs which do not require such
& long exposure. The x-ray factors normally used are
200 KV at 0.2 sec., and are varied gccording to the
obvenity of the patient and the degree of penetration of

the preliminexry films. The timing, which is different for



gach injection, must be reasconably accurate and an
experienced radiologist or radiogrepher is an essentlial
member of the tean.

Por the fiygh injection, the thighs are
covered by & shield or lesd apron to prevent exposure
of the thigh films and the cassette 1ls exposed as the
lagt 2=3ml. are being injected, thus obtaining an
timmediate! aortic film. The cassetie is withdrawn from
below the table ss quickly as possible and the lead
apron coverlng the thighs 1ls removed. A second exposure,
taken at 5-7 seconds after the completion of injection,
will usually outline the femorsl arteries,

I these {ilms show satlisfactory visualisa-
tion of the sorte, a second injection is made and the
aortic and thigh films are exposed simuliancously
approximately 3-5 msec., after injection is complete.

A guide to the early or late exposure of the second
injection is obtained from the appearances of the lesions
seen in the first Lilas.

With this technique, acrtic films are
obtalned at O and 3 seconds aftey injection and femorsl
films av 3 end 7 seconds.

The Tirst sortic £ilm usually outlines the
aorte and iliasc arteries ss far as the upper end of the

ogcelugion and the second sortic film demonsitrates the
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lower end of the lesion by dye which hasg passed through
the collateral vessels 1o the reconstituted main chennel.,
The femoral arteries will usually be outlined on the

3 sec. film where the lesion is small and on the 7 sec,.
film where the occlusion is extensive. A complete soxrtic
block usually does not pernli visualisation of the
femoral vessels by this technique as the reconstitution
of the arteries 1is consi&erably delayed.

Pig.5 illustrates the different appearances
obtained in the firet and second aortic films. Neither
givé& 8 complete record of the extent of the occluslon
but from the two filme a composite picture of the site
and extent of the occlusion can be obtained.

The gquelity of sortic definition is usually
excellent but the quéntity 0of dye reaching the femoral
vessels is often insufficient 0 give filme sultable
Yor reproduction. However, they usually glve sufficient
information to indicate whethexr the femoral and popliteal

arteries are patent or occluded.

DIPPICULTIES AND COMPLICATIONS OF TRANSLUMBAR AORTOGRAPHY.

1. Yechnical..

Most of the difficulties encountered in
translumbar eortography are technical in nature and to

a large extentv can be overcome through experience and
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practice.

The most important difficulty is to ensure
proper siting of the needle in the aorta. This ig
pometimes difficult in athercsclerotic aoritas which are
frequently smaller in diameter than a normal sorta.
Because of the distance of the aovrta from the suriace
and the necessity for relying on the sense of tactile
perceptlion, an off-central position of the needle is
vory likely. Provided that the lumen of the tip of the
needle lies wholly wilthin the lumen of the aorta, a
satisfactory injection can he mede, but en intramveral
position of the needle is more frequently encountered
than in femoral arteriography and may lead o
extravasatlion.

The unavoidable rotation of the needle
which oceurs during atvtachment of the tubiag, and
posslble movement of the needle during the high pressure
injection combine to produce 2 small number of failures.
It ig bo minimise the possibility of this thatv the
needle is rotated several times after puncture %o
ascertain thaet the flow is maintained Lla all positlions.

Pecaplonally the aorxta is not located by
puncture at the wsual site and the possibility of s high
agovrtlc occlusilon must be suspected. The needle should

then be directed upwards in the directlon of the firset
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lumbar vertebra 0 puncture the aorta above the level

of the yenal vessels and a longer needle may be required
in such casea. Needles of 16 cmo. lenglth should be
available for use when there is a high sortlic occlusion
or when the patient is obese.

In addition to difficulties encounbered in
positioning the needley; the investigation may be vitiated
by faulty radiologlical timing. The exposure of the firsi
aortic film as the last 2-3 ml. of dye are being injected
is normally auwlbomatic bul may not be so when anobher
person ls introduced during holidays or sick leave.

The timing of the late sortic film is more difficult, as
allowance has vo be made for the dye to traverse the
collateral vessels and reconstitute the artery distal to
the occlusion. Yo aidd thie calculation, it is helpful to
have the first film developed bhefore proceeding to the

socond injection.

2. Anaesthesls.

Many of these patlients with atherosclerotic
occlusion of & major vessel are poor enasesthetic risks
and the hagard of the investlgation has 1o be welghed
againgt the need for obtaining precise informetion as
to the site snd extent of oceclusion. As soytogrephy is

only essential where surgery is likely to be feasible,
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it i unreasonable Ho undertake it when operation i not
contemplated. Approximately one~third of patients with
clinical evidence of aortic or lliac occlusion sare not
x=rayed becsuse they are oo old or are unfiis for
BUTEETY .

Deterling (1952) found m constant ciroulatsory
reaction to aovitography in both man and the experinmental
animal. He injected dye intb 25 dogs end 9 patlients and
found that each developed a short period of hypotension
end bradycardla lasting %-0 secs. followed by hyper-
tension and tachycardia of 1=5 mins. duretion. These
cireulatory disturbances are slight sud are not dangerous
when the patient s fit for general ansesthesla.

Although many patiente had a history of coronary artery
thrombogis, evidence of lechaemis on electrocardiography
or merked hypertension, no major catastrophe or death

has ogccurred in more than 100 sortograms.

%e HaGMOYTHOLE o

Before aortogrephy became an established
and scceptable procedure, the danger of major haemorrhage
from the site of puncture was foremost in the writings
of meny critics. However, in splte of eariy criticism,
the method has become established and although there

are hagzerds, haeomorrhage from the sorta is an unimportant
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one, In 1952, Smith, Rush, and ¥vane performed 70
aortic punctures in moribund patients 6«24 hours before
death and at subscgquent post-~moritem in 30 cases, only
six showed evidence of minor degrees of bleediné.
Reported deaths in World lLiterature due to haemorrhage
are rare bub McAfee'and Wilson in 1956 reborteé 5
perisortic heemorrhages in 150 aortograms with 2 deaths.
Hewever, one patient died from haemorvhage subsequent
to four diagnostic puncfures of sn sortic aneurysm and
the other was cauged by changing the patient's position
from prone to sitting with the needle in situ.

In my own experience, there have been no
patients in the present series in whom haemorrhage after
aortography has begen suspected on clinlcal grounds.

The aorta is occasionally punctured while performing a
parevertebral block on the left side, but no untoward
effects have been noted., In some patlients who have been
operated on within a few weeks of aortography, some
retro-peritoneal stalning has beén found but never
evidence of & haemavomsa., The aorta and ilisc vessels
have been punctured at operation with a No.lB needle and
in each case the bleeding wasm minimal and the site of

puncture sealed rapidly.
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4o, Bxtravasation.

Bxtravasation of dye during aortogrephy is
not uncommon due to lmproper siting of the needle ox
o movement of the needle during injection. The commonest
cause sppears o be puncture of the right aortic wall
owing to a penetrating rotatory movement produced in the
tubing by the forcible injection and transmitted to the
needle., This can be prevented by helding the tubing
firmly during injection.

Periwaortic extravasation produces the
appearancesg gesu in Fig.6. Absorpition of the extravasated
dye appears o occur falrly rapldly eas a pyelogrem due
to kidney excretion can usually be seen wlthin a few
minutes on subseqguent filmse.

2he more serious type of extravasation is
thet which occurs luto the well of the vessel giving
the appearance shown in Fig.7. The sorte is outlined by
8 dense shadow which stops abruptly. This intra-mursl
extravasation may distort the image of the vessel, and
appears o induce dense fibrous adhesion belween the
aorba and neighbouring structures.

It has also been the apparent csuse of
further thrombosis in one patient.

AJMeD., a female aged 44 years, was seen in

1959 when she complalined of clauwdication of the right
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leg at 100 yards distbtence. Both femoral pulses were
normal at that time, but in 1960 her claudication
distance deteriorated to 50 yards and reduction in
volume of both femoral pulsges was noted, suggesting an
aortic bifurcation lesion. Aortograpny was performed in
September, 1960 (Fig.7). This shows extravasabion into
the adventitial sheath with suggestive evidence of
possible occlusion on the left side of the aorta juss
below the origin of the inferlior mesenterie artery. She
complained of severe palin on the following day and was
able to walk only 10-15 yards before halted by
claudication in both buttocks. Her condition improved
a 1little thercafter and a second sortogram performed
some weeks later (Fig.8), showed aocrtic occlusion from
the origin of the inferior mesenteric artery to just
above the bifurcation. This wes confirmed when thrombo-
endarterectomy was undertaken.

In vetrospect, Lt seemed that the
extravasation occurring during the first sortogranm

precipitated aortic thromboslsg,

When extravesatlion of either type has
occurred, the examination should be discontinued. Further
injection is undesirable ap this could lead o more

damage and the procedure can eaagily be repeated al a
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latber date.

This precaution has usually been adopted
and no serious ill=-sffecte have been found to follow
sxorevasation. These patients, however, appesr Lo have
more severe backache than lg found after a stralght-
forwvard eaortogram and it is probably desirsble to detain
them for 48 hours insbtecad of the usual 24 hours.

Lf there de doubt as to the siting of the
needle it is desirable 1o glve a small preliminary
injection of © ml. dye end take an immediate exposure
to determine the exact relation of the necedle o the
aortié wall., This precaunllon mey be used routinely bui
it does not obviate the poesidblility of extravasation due
to movement of the needls during atvtachment of the
tubding or during injection.

d

5, Renal Complicationse.

Renal complications following aoviography
are much less commen with low lumbay injection thsan in
urological investigation where the aortie punciunre has
to be made above the level of the rensl arteries. In the
low lumbar injection, only a proportion of the dye la
likely to psss into the renal arteries except in cases
vhere the puncture is made at & higher level than

intended. Functure of the aorta above the level of the
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renal vessels is, however, ungvoidable in ceses with
high aoytic occlusion. The foreible injection of 20 mi.
of dye im most likely %o give rise t0 renal leslons when
the point of the needle is opposlte the opening of the
right renal artery and the right kidney may suffer
gevere damage uﬁdar such circumsitances,

Pig.9 illustretes the posglbility of
cannulating the rensal artery, or, in this cage, an
aberrent one and the operator, who believes the needle
to be sited In the sorta bhecause of the satisfactory
reflux, injects the dye directly inlo & rensl vessel.

There have been no cases in this series with
mejor rengl damage. & few patlients have ghown evidence
of nhaematuris on microscople examination of the urine
and the patient, in whom the sbeorrent renal artery wes
caunulated, produced a few casts.

Crawford and his assoclates (1957) reported
31 cages of renal damage in s serles of %00 sortograms.
The mortallity rate in those developing renal demage was
20% and the lesions produced were bilateral. At post-
mortem, they found disorganisation of glomeruli and
tubular necrosis. They also tabulated the cases
previously rveported in the literature and noted a
definite association between the presence of renal

damage and the use of godlum iodide or large quantitles
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of orgenic iodine compounds. oy this and other recasons,
they advocated that the use of zodium iodide be
digcontinued and the repeated injection of large volumes
of dye should be avoided, These precoutions are generslly

acecepted today.

6. Iodism and Allerglc Reasctions.

ITodiam used to be a hazard in the earlier
days of acrtography when sodium iodide was used (Legueu,
1931), but with modern orgenic triocdide compounds it has
virtually been eliminsted.

Allergic reactions, however, do occur and
may occaglonally prove fatal. Pendergress and his
colleagues (1958) have collected reports of fatal re-
actions in the Unlted Htates and estimate the fatality
rate as l: 120,000 injections. Death has occurred in
spite of preliminary testing for allergy, and Pendergrass
congiders that lthese tests are of no value.

It is & routine practice in the Unit %o
inject a test dose of 1 mli. dye intravenously a few
ninutes hefore aortography and no evidence of iodism or

allergy has yet been encountered.



T. Damage to other Qrgans.

There héve been various reports of
peraplegia, mesenteric thrombosis and death owing to
injection directly into the Llumbar oy mesenteric arteries.
None of these complications has been encountered in the
present series.

Crawford and hle associates (1957) collected
13 reported cases of paraplegia following aortogrephy
but dld not have any in their own series. This is a
possible complication should the dye be injected in high
concentration into & lumbar arvery but again appears 1o
have been most commonly associated with sodium iodide.
Crawford and hls colleaguer reported four cases of
guperlior mesenteric artery thrombosis Ifollowing the use
of sodium iodide and all four cases died. They also
reported two cases of embolism wivh one death. Such
complications are most liable to occur when sodium lodide
ie used. They are unllikely to occur when the modern
contrast agents are used and vhen injection is performed
balow the level of the renal arteries.

Crawford (1957) reported one case in which
the inferior mesenteric artery was found to be
gubsequently thrombosed at operation. No untoward effects
on the bowel were noted and this accords with the

obeservation that operatlve damage to the sartery or its
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ligation during excision of an abdominal aneurysm does
not necessarlily produce gangrene of the colon. The
blood supply ig mainteined through the marginel srtery
whioch derives an adeguate arterial supply from the
middle colic branch of the superior mesenteric artery
(Fig.88) and the middle and inferiocr haemorrhoidal

arveries.

DESCRIPTION OF THI NORMAL AORTOGRAM.

With the vechnique described above, ithe
arberial tree can be visuvalised from the lower abdominal
aorta to the popllitesl bifurcation. Opportunities for
gtudy of the normal sortogram have not been frequent
as most examinations have been performed where occlusion
of one of the major vessels was present.

Plg.l0 ip an illustretion of en sortlc £ilm
where the vessels were relatively normel in sppesrance.
The asorta and Lllac artveries apre larger than most of
the atherosclerotic vessels encountered and although
gome of the major branches are visible there are no
anagstomotic ramifications as in cases with arierisl
ccclusion. In this Ligure, most of the dye has left the
gorta and the kidney shadows arve seen at the level of
the needle. & denser area at the tip of the neecdle

indicates & small patch of extravasaled dye in the
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aoprtic wall. On the right, there are two lumbar arteries
and on the left, the inferior mesenteric arbtery crosses
a prominent left lumbar artery. & faint outiine of the
merginal artery of the colon cen be seen with fterminal
branches ruoning from it, The middle sacral artery is
not scen. Both common iliac srteries are of large
diameter and the internal arteries can be seen although
the right one takes origin at a high common iliac
bifurcaetion and is partly hidden by the external iliac
artery.

The c¢ourse and pattern of the branches of
the sorbe and illac arterles are best seen ln the
shnormal soxiogram where oc¢clusion 1s present and the
remaining patent branches sre hypertrophied and ramify
extensively to form anastomoses. Pig.7 gives an excellent
pictﬁre cf the inferior mesenteric artery and the
terminal branches from the arcades to a colon containing
faeces. Another aortogram in the same patient (Fig.8)
illustrates the snsstomosisz between the ilio~lumbar
branch of the internal iliszc artery and a right lumbar
artery, also the snastomosis between the terminal
branches of the superior haemorrhoidal @nd the middle
and inferior haemorrholdal arteries.

The sozrta bifurcates about the level of the

fourth lumbar vertebra (Gray,1962) although this may
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ﬁake place at a higher level in some patients and give
pise to technical difficulties of access atb operation.
The common iliac artery courses downwasrds and laberally
along the brim of the pelvie without any named bhranches
although occasionally small twigs sre found at operation,
and terminates in front of the secrodliac jolnt at the
level of the lumbo-sacral disc by dividing into external
and internal ililac arteries.

The external diliac artery continues the line
of the common iliasc artery and courses along the pelvic
brim to pass behind the inguinal ligament into the
femoral canal where it becomes the common femoral artery.
Before ites terminstion, it gives 0ff the deep ocircumflex
iliac and deep epigasiric arteries (Fig.93).

The internal llisc artery descends into the
pelvig to supply the pelvic wall and viscera snd nskes
important anastomoses with the lunmbsr arteries and
inferior mesenteric artery, with branches of the femoral
artery, and with the internal iliac artery of the

opposite side.
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B, PEMORAL ARTERIOGHAVHY .

The technique of performing this
investigation has been developed and aimplifled since
arteriography wae flyst employed by Brooks (1924).

The development of the less lrritant oxganic group of
contrast sgents permitted a further advance lu technique,
which sllows the whole procedure to be carried out under
local anaestheslia, Ae experience of arteriography
developed,; percubaneous punciure ol the femoral artery
vas adopited end this is now performed elthexr by injecting
dye through a needle introduced into the femoral artery
or through a eannuls fitted around s needle which is
withdrewn after puacture is achieved. Fercutensous
punciure with injection through & needle has been the
method employed in & personal series of several hundred

arteriograms with satislactory results.

Materisls. (Fig.ll).

4 short bevelled No.l serum needle of O.75mm.
internal dlameter is connected to a 12 inch length of
polythene tubing ueing Luer-Lok conngetions,

A 20 ml. interchengeable "Summit® syringe
with Imer~Lok fittings is filled with 20 ml. of 60%
Urografin.

A 10 ml. record syringe ils filled with 5 ml.
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29% Planocaine P sad fitted to & hypodermic needle,
Two 20 ml. Luer-Lok syringes are filled with
sterile normal saline, of which ¥ pint is poured invo

each of two sterile basine for rinsing purposes,.

Technique.

The patient, who has been given 50 mgm.
pethidine helf an hour previously, ls placed in the
supine poslition on top of the special camsette Hunnel
on the x-ray table (I"g.l2) and the appropriate leg is
placed so that the desired ares will be exposed on the
Z=ray fllms. A preliminary film may be taken to devermine
exposure factors but an experiecnced radiologlist will
omit this film, the factors being varied according to
the thickness of the limb. The three trays of the
cassette tunnel are loaded with unscreened films which
overlap behind the knee, and a test dose of 1 ml. 60%
Urogralfin 1s given intravenously.

When the operator has scrubbed up, he swabs
the patient's groin, which has previously been shaved,
with skin sntiseptic and the area is draped with sterile
towels. The pulsating femoral artery is palpated and a
small skin wheal is ralsed with locsl anaesthetic at a
point 1 cm. below the inguinal ligament over-lying the

artery and 2 ml. are infiltrated around the artery.
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The plasitic tubing and needle are attached to a syringe
and carefully filled with saline t0 exclude all ailv.
When the skin is punctured in the centyre of the wheal,
the syringe is disconnected and the tubing remeins filled.
The Ffemoral artery is very mobile, eapcclally
in thin persons, and the needle tends to slide round the
glde of the arbery. Accordingly, an attempt is made to
imuobilise the artery with two fingexrs placed on either
gide of the vessel and the needle is directbed wpwards at
an angle of 60-70 degrees to reach the artvexry just below
the ingulnsal ligament where it is least mobile (Flg.l3).
Phe middle and index fingers of the left hand are placed
vertically with & cm. gap between them, and presaed
backwards o thait the artery is fixed and pulsation is
felt equally in the two fingers. If the needle iz gently
but Lirmly advenced between the Lingers, the
pulsation of the avtery is transmitted to the righv hand
when the needle point implnges upon it and steady
pressure pushes the needle through the anterior wall
yielding o rapid flow of blood into the plastic tubing.
The sallne syringe is reattached andy by the
intermittent injeetion of saline, the guality of the
reflux is estimated and the patency of the needle
naintained (Fig.l4). A strong pulsatile £low which pushes

back the piston of the syringe indicates that the needle



is properly positlioned within the lumen of the artery.

The advanteges conferred by the use of
plastic tubing between the needle and the syringe are
threefolds~ movements of the syringe are buffered by the
flexible tubing and are nolb directly communicated 1o the
needle, thus mininising the possibility of dislodging
the needle from its position within the artery; the clear
tubing permiits an evaluation of the quality of arterisl
reflux which the use of syringe and needle alone would
noty end thirdly, the operator's handes can be held out-
side the direct beaus 6f x~rays and protected by &
horizontel screen interyposed bebween the x~ray tube and
the hands,

To ensure that the point of the needle will
retelin its poslition during injectlion, & second 20 ml.
syringe conteaining paline is attached to the tubing when
the first has been emptied and the forcible injection of
several ml. saline will confirm that the needle is
unlikely to bescome dislodged during dye injection. The
extra time afforded by the use of this second syringe
allows the radiologist and other members of the team to
prepare for the dye injeclion.

When the radioclogist iundicates his readiness,
the syringe containing 20 mnl. 60% Urografin im connected

to the tubing and injection is made uging the meximun



u44“

hand pressure possible. A certvain amount of lateral
tremor is likely during this menceuvre but forwerd
novement of the syringe ie avolded. Becsuse the needle
1ls directed upwards, the dye is forced against the
arterial strean and results in the replacement of a
codumn of bleood by a column largely composed of dye.
The faster the syringe is emptied, the more concentrabted
is the dye column and the better the qualisy of the
film obteined. Slow injection will yileld pooxr films,
snd when the dye reaches the lower leg there may be
ingufficient to outline the tibial vessels
gatlisfactorily.

The esverage btlme required to inject 20 ml.
of dye through & No.l gerum needle of 0.75 mm., internal

dianeter is O secs. This gives a needle veloclty of s

Volume of Dlye = 20 .
A X time in secy. 0.0044 x 6

757.6 cm/sec.

#

17 M.PHe(Approx.)

A = cross sectional area of needle
7 2°
2

f

044 Q.00 = (4,0044 Bql.0N,

H

it
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Thie is eguivalent %o & speed of about
17 miles per hour and results in some distension of the
artery at the site of injéction9 producing pain of short
duration. This is followed by paln in the leg due to the
irritent sction of the dye on the vegsels. This is
usually described as & burning sensation passing dowm
the leg, the level to which the paln is felt depending
on the site of avteriald oecclusion. Phlegmatic patients
experience only slight discomfort, but apprehenslve
patients complain of severe pain and attempt to flex
the leg to obtain esse. Movement would spoil the X-rays
obtained and is avolided a8 far as posseible by warning
the patlent before-hand thot the burning sensation is to
be expected, and by reassuring him that it is hermless,
In addition, a light retaining strap is placed over the
knee to minlmise movement.

It is commonly noted after injection of dye
that a flush develops in the skin of the thigh and lower
leg due to vago-dilatation and laste for & few minutes.
The level to which the flush reaches is sn indication of
the site of arterial o¢clusion snd, in femoro-popliteal
oeclusion, it usually extends to just below the level of
the knee joint,.

When the dye injection is complete, and the

radiologlst has telen +the desired exposures, 20 ml.
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sallune are injected into the femoral artery to ald in
dispersal of the dye and the needle is withdrawn. The
reflux at this stage should be the same ap hefore
injection, and & poor or absent reflux indicates that
the needle has moved and that extra-grierisl injection
hag probahly occurred. Ligital pressure over a swab for
a2 minute or two will sallow the artery 1o hecome gealed
and a small dressging is sapplied,.

The same teclmique is employed in the other
leg snd the procedure is then complete. The patlient is
able to rise and is sent back to the ward where he
remains in bed fox a few hours before resuming normal

mobillitye.

Hadiologleal Considerations.

With +this method, 1t is possible to obtain
only one film unless special radiogrephic methods sre
usaed. Automatic cassette changers may be usged, but a more
slimple device has been used in the present series which
has provided adeguate informaiion and good quallty films.

IThis 1is & manually operated cassette changer
(¥ig.12) which consists of a plywood tunnel containing
three plywood trays each with a lead screen in the base.
Pilms sre placed In the trayes and when the top one is

exposed the tray is exitracted and the seceond film is
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ready for exposure at whatever time interval is deslired.
Removal of the second tray leaves the third £ilm ready
for exposure.

¥ach tray contains two unscreened Kodak
films which overlap behind the knee and the filmg are
numbered 1, 2 and 3 with & graphite pencil. The right
and left legs are identified by a lead marker which ls
fizxed to the roof of the cassette tunnel. Any discrepancy
in the sige of the images recorded on the three films ig
minimal (epproximately 1%) because of the long sube
distance (50 ins.) employed.

With this tube distance the xX~ray beam will
cover a large area and this is therefore screensd hy é
pyramidal lead and plywood cone of rectangular base which
limite the beam to the area of the cassette tunnel
(Fig.12). For further protection, the surgeon and
agsistant normally wear a lead apron of standard type.
The exposure dose on the operator's hand has been tested
and found to he minimal.

The radiological factors iunvolved in the
average patlent are 300 mhA's at 75 KV for 0.2 sec. bui

these are varied by the radiologist as required.

Aiming .

The timing of the three exposures can be



varied according to the part of the leg one wishes ©o
visualise. In practioce, the first two exposures are made
at gtandard intervals and only the third is varied,

The first £iim ig exposed a8 the last 2-% ml.
of dye are being lnjected snd the second is exposed as
goon as the first tray has been removed from the casseite
tunnel. These usually give satisfactory L£ilme of the
bthigh and, where the occluslon is not a long one, the
arterisl tres down to and including the popliteal
bifurcation {(FMigs.lb & 16) is visualised.

The timing of the third film is varied
according to an assessment of such factors as the
egstimated site and severity of arterial occlusion, the
efficlency of the collaberal circulation and the expecied
rate of blood flow. This le assessed from the pattern of
the pulses, the severity of lschaemia, the itempersture
rise in the reflex vaso-dilation test, and the age and
cardiac condition of the patient. The radiologist ig
then advised as to the delay in tlming expected, and he
usually exposes the third film between 5 and 8 seconds
after injection,

At this stvage, moast of the dye has left the
thigh (Fig.l5) but the timing of this third film is
important for adequate visuallsation of the vessels of

the lower leg. In fig.ld, the posterior tibial and
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peronecal arteries are visible throughout most of thelr
length on the third film. Should one wish to visualise
the vessels in the regilon of ankle and foot, the

gxposure of the third film requires to be further delayed.

DIPPICULTING AND COMPLICATIONS.

1. Yechnical.

Most of the technical difficulties
eacountered with this method can be eliminated with care
and experience, and Lfilms of o quality suitable for
photographic reproduction can be consistently obltained.

There are many minor mishaps which may
caunse inconvenience. Bven using Luer-Lok fittings,
occasional detachment of the tubing from syringe or
needle may ocour.

If there is & prolonged delay between filling
the syringe with dye and injection, the piston may sitick
owing to the viscosity of the dye. This can ususally be
prevented by rinsing the syringe with saline before use,
and by using a freshly fllled syringe for the second leg.

Movement of the leg during injection may
occur when the patient experiences pain. 4 nervous
patient will desgcribe it as excruclating and will attempt
to move his leg. Reasssurence before-hand and the use

of the restralning strap help to prevent or minimise



movement.

Sometimes, when the artery has been pierced
but reflux ils unsatisfactory snd the needle is withdrawn
for re-insertion, tvthere is some leak from the ariery and
the needle blocks with cloit when re-inserted. When this
happens, the needle may be in the artery but no reflux
occurs, and this mey lesd to repeated trauwma o the
vessel. Should this coceur, it is wise to re-insert the
needle above or below the original site in order to
approach the aviery through fresh tissue. It is thus
important to achleve arterial puneture at the firet
attempt because, as time passes, each attempied punciure
ia less successful than the last. For this purpose, the
needle must be shayrp and have a shovt bevel, and the
artery is most easily located if it is Tixed by & fiuger
on either side,

There is sometimes Aifficulty where the
patient is thin, very stout, or where the artery is very
sclerotic. In thin patienss, there is Little surrounding
fat and the avtery tends Vo roll away from the nocedle
points in obese patients, there is difficulty in locsting
the artery which is spituated deeply and pulsation is
difficult to feels and in very sclerotic aviteries, the
wall is thick and difficult to penetrate, the needle

tending to slide away from the vessel.
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Puncture of the femoral vein may occur
where the needle hag ipadvertently been pushed too far
medially. This is indicated by & slow dark non-pulsatile
reflux of blood. Should this occur, fthe needle is
withdrawn and pressure is exerted over the site for e
minute to allow the veln to seal before arterial puncture

is agein attempted.

2. xtravesstlon.

This is the commonest complicetion
cncountered and its frequency varies inversely es the
experience of the operator. With practlce, it is found
t0 occur in fewer than 5% of examinsblons. It is caused
by malposition of the needle within the artery, by the
use of a needle with too long a bevel, or by an
injudiclous wovement communicated t0 the needle during
injection,

It leads elther to extra-srterisl injection
(Fig.17) or intra-mural injection with stripping of the
adventitious coat of the artery (Fig.l8) and is very
painful. The patient complaing of severe pain and
hecomes shocked. He i® pale, has a cold clammy skin,
persplres freely and develops tachycardia. Hig conditlion
quickly improves but 1t is usually unwise to perform

further arteriography and he is returned to the ward.
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In most capes, there are no permaanent Lll-effecis and

the procedure can be repeated Iln a nonth's time.

3. Local Thrombosig.

Thrombhosis of the femoral srtery at the
site of arterisal injection is an unusual sequel and there
has been only one case in bthis series.

ReBey & male aged 42 years, was Lirst scen
in October, 1957 when he complained of cleudication in
the left call at 200 yards distvance which had beoen
present for four months, The left femoral pulse was
eagily palpable but none of the distsl pulses could be
felt.

Arteriography resulted in partial extre-
vasatlion but sufficient dye entered the artery to
demonatrate an occlusion of the proximal part of the
poplitesl artery due Lo atherosclerosis. A small
haematoma was present in the groin snd he had a left
paravertebral block performed with phenol on the
following dsay. When he reported back a2 month later, the
Left femoral pulse could not be felt although external
1llac pulsation was felt ebove the inguinasl ligement snd
it was considered that he had developed a loecal thrombosig
at the site of avteriography in addition fto his

popliteal occlusion. Fortunaitely, he had an excellent
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response o parevertebral block with complete reliefl

of claudication and was able 40 continue normal work as
a butcher. This excellent result in spite of local
thrombosis was probably due to the abundance of healthy

collateral vessels present in & patient of his age,

4. Dimtsl Thrombogis.

Although the modern itrl-iodide compounds
sre superior to sodium lodide because of their low
toxlelty snd legys drritent properties, they do not
constitute the ldesl dye whilch would he completely
non-irritant. In arteriography, dye reaches the distal
arteries in Lfalrly hilgh concenitration which nay produce
thrombosis, although this has been infrequent even in
patients with gangrene.,

As in eortography, there ls a 1limit to the
siount of dye which showld be injected. In bilatexsal
femoral arteriography, 40 ml. of 60% Urografin are used,
and, 1f for any veamon, a second injsction is reguired
on either side & further injesction of 20 ml. can safely
he given. A total dosage of 60 ml. for a bilateral
exanination has bheen well tolerated in all cases in
wvhieh it was necessary, but it is probably unwice to
exceed this amount.

Because of the dangers of further thrombosis,
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patients with inciplent or established gangrene seldom
had arteriography pevformed prilor to 1961, but since then
an increasing number of these patlients have undergone
arteriography in the hope of finding lesions suitable

for arterisl surgery. In most cases, there has been no
deterioration which could be ascribed to srteviography

but in two patients the sequence of events is interesting.

Jdefoy an elderly maen of 72 years was firsi
seen in 1957 with inciplent gangrene of his left foot.
Because of the possibllity of early deterioration, he
was given & paravertebral phensl block on the following
day with a good temperature responsge and the condition
of the Ifoot improved, Restv pain was velieved and the
foot appeared nealthier. Arteriography revealed a shovd
coclusion in the region of the adductor opening and both
tibial artveries were ogcluded, the peroneal belng the
8ole source of blood supply to the Loot (Fig.l2).
Deterioration followed arteriography and he developed
eatablished gangrene of the fourth left toe within s
few days. However,; this wremained Llocalised and in the
gourse of the next few momths the toe separated and
healed. It is of interest to note that he developed s
simlilar condition of the right foot in 1961 and,

following & satisfactory phenol injection, gangrens of




56

the tip of the right fourth toe separated end healed.
The deterioration which occurred so soon
after artveriography suggested that the Injectlion of dye

was & major factor in the production of gangrene.

WeMels, 2 man aged 64 yesrs, was admitbed
in OQetober, 1960 for investigation of claudication of
the right leg at 50 yards distance which had been present
for four monthe. Aviteriography was performed and he wes
found to have a popliteal occlusion. Paravertebral block
with phenol was performed on the following day and the
foot becawe warm. Oun the same evenlng, he developed &
pain in the chest wiith pyrexias and did not look well,
but there was no fall of blood pressure to puggest
coroneary ertery thrombosis and x-ray of chest waes
negative, On 6%h October, 1960, two days afiter
arteriography, the right leg bsecame cold and cysnosed
and a further arxteriogrem showed thaet his occluslon had
extended and the entire popliteal artery was occluded.
His general coandltion remained poor and on 12%h Octobsr,
1960 he developed a henlpleglas and died. Permission for
pogtb-morten was not obtalined.

The meguence of evenis in this patient are
difficult to elucidate. He appesared vy have an

exacerbation of an existing chronic bronchities after
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arteriography and phenol block and had two further
thromboblic incidents. It is possible that the extension
of the popliteal occlusion which led 1o gangrene was
precipitated by arteriography but, &8 the second
oeclusive incident was cerebral, i1t is poessible that the
leg thrombosls wae coincidental and part of & terminsl
1llness.

Apaxt from these two cases, arteriography
has been successlully performed without deterioration in

other ischaemice limbs.

.5. lodism and Allergy.

As 1in sortography, there have been no
patients developing slgns of iodism or of allergic
reaction to Urografin. 1 uml. 60% Urografin is adminlister-
ed routinely by the iatrevenous route & few minutes
before performing arteriography snd no reactions have
resulted. Those patients, in vhom arteviography has
been repeated at intervals, have had no sllergic
reactions.

From this experience, during which meny
arteriograms have been performed with relatively fow
incidentsa, it 1ls considered that femorsl arteriography

is a safe procedure. The method employed is easily
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performed and yilelds good guality filme of bhoth thigh
and leg.

| Visuslisatlion of the vesszsels of the ankle
and foot has not been undertaken very frequently by
this method, because it is considered that the
information which would be obtéineﬁ is not as imporitant
ag thet derdved from thigh and lower leg films. It is
posgible to obtain films of the foot by taking thres
1éte exposures, in one of which the plantar snd digitsl

artveries can be seen.

DESCRIPTION OF THE NORMAL ARVEELIOGRAM.

Because most of the patients lnvestigated
have arterial changes of stherosclerosis, few normal
ayteriograms have been seen, However, some patients
investigeted for possible arterial changes have been
found %o heve normal vessels.

Pig.20 showsg the appeﬁrance of a normal
fenoral avitery, the moat striking feature being & well-
£illed main channel with a few small poorly outlined
branches. This is in contrast to the numerous collatersl
veasels found in most cases of arteriszl oeclusion
(Pige4ld) .

The division of the common femoral artery

ocecurs ah a high level and its course is short before i



Aivides into superficial and deep arteries. The dlvision
is difficult to see as Lllms are sxpoged to give the
greatest detall in the middle and lower thigh and the
degree of penetration at the groin is usually ilnsufficient
to yield a good picture at this level., The branches of
the superiicial femoral artery are small snd few in
number, whereas the profunda artery has numnerous
branches. The lateral clreumilex artery can be seen in
the £ilm of the left thigh (FPilg.20) as it passes
laterally but the artery, which accompanies the nerve to
vastus lateralls, 1s supervimposed on the femur and is
less readlily vislible., This dbranch is much better
demoustrated in Vig.78 where the collateral clrcouvlation
has developed owing to an occlusion in the adductor
reglion., The lower branches of the profunda are muscular
and perforsiting arteries, but cannot be named separately
because of the ddlfficuwlty In distinguishing them in a
film +Hasken in one plane.

In the lowsxr part of the thigh, the
guperficlal femoral artery passes through the adductor
opening to become the popliteal artery. The site of this
opening may be difficult to define but the descending
genlcular artery or its saphenous byanch may be
vigualised and as this is usually given off hefore the

adductor opening (Gray,l962) it can be sesumed that the



adduetor opening lies immeddatsely below this branch
(Pige60).

In the lower leg £ilmes of a normal femoral
arteriogram (Fig.21), the popliteal artery can be seen
to give off the sural branches which supply the
gastrocnenius and other muscles. At a variable distance
below the level of the knee joint, the popliteal artery
divides into anteriocr snd posterior tiblal arteries, the
former ﬁaaming bhetween the tibis end fibula above the
interosseus membrane before coursing down the fLront of
the leg. In a feow cases, the popliteal bifurcation mey
be high and +the posterior tiblial arises at (Pig.22) or
just below (Pig.23) the level of the ¥nee joint, the
main artery giving rise to smterior tibiel and pervonesal
arteries lower down. In the A-P film, it iz sometimes
difficult 0 see the anterior tibkial artery becsuse it
is superimposed on the dense shedow of the cortex of the
tibia. In Plg.21l, the tiblal recurrent artery can bhe
seen passing upwerds towards the knee Jjoint.

The posterior tibial artery passes downwards
for a variable distence before giving off its peroneal
brench and courses medially %o reach the ankle behind
the nedial malleolus. The peroneal artery descends and
inclines somewhat labterally until it reaches the ankle

where it bresks up into & number of asnastomotic branches,
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ineluding the perforabing peroneal branch which passes

to the front of the leg to snastomose with the anterior
tiblals The terminetion of this avtery is best seen in
the abnormal arteriogram (Pig.l9). Although the shedow
of the peroneanl artery is also superimposed on the tibisa,
1t ueually overlies the less dense shadow of the medulla
and can be traced downwards with relastive ease (Pig.2l).

A laberal view of the lower leg (Fig.24) nay
be unged to demonstrate the course of the posterlor tibial
artery, the shadow beling projected behind the tibla and
fibula, end, in thies illustration, it can be seen passing
behind the medial malleolus te form the plantar srteries.
However, the anterior tibial and peroneal arteries nmay
be difficult to see in this view and the A-P position,
which is more comfortable for the pstient, is the one
which is norually used,

The peroneal aritery is a very important
source of supply To the lowey leg and may sometimes out~
renk the posterior tibial in size and importance.

Megs. 23 & 20 illusitrsate peroneal arterlies which by
virtue of their size and directlion appear to be the
direct continuation of the main trunk end the posterior

tibisl appears t0 be & lateral branch.
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Femoral Vein Filling.

With this method of srteriography, three
filme of thigh anud three of lower leg ave obtalined
(Mgs.d5 @ 16). The third thigh film does not usually
demonstrate the arterial pattern well because most of
the dye has passed into the lower leg. In some cases,
however, the femoral vein contains sufificient dye %o
produce 2 well-defined outline on the third £ilm (I'ig.26).
In this illustration, the valveless wmain channel s seen
together with numerous branches which are Ifrequently
double, i.e. venase comlbtantes.

Figs27 1llusitrates the three films of the
right thigh in one pabient. The Lfirst film shows a shord
ogelusion at the adducior opening with e large collateral
arising firom the unoccluded lower end of the superficial
femoral artery. In the second, the erteriel pstiern i
indigtinet snd the hazy outline of nunerous small
vessels 1s seen, The third £film shows o striking plceture
of venous £illing with numerous paired braanches end
£filling of the femoral and profunde veins in the upper
vart of the thigh.,

In the illustretion of the arteriogran of
the same patient's lelt thigh (Fig.28), only the first
and third films are shown. Both the superficial femoral

and profunds velns are seen and the pattern of
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distribution of srteries and veins corrvesponds very
closely.

In the many filmes in which femorsl vein
filling is seen, the third exposure has been tokeu at
the normal timing of 7 seconds, yel the dye is densely
concentrated in the femoral vein, This seems oo short
a time for sufficient dye to have passed through the
capillary bed and the poessibility of arterio-venous
shunts nust be considered. These were demonsirvated in
the foot of 2 out of 1% legs amputated for stherosclerotic
gangrene (Bawards, 1959) but have not been described in
the thigh. Whether this is the explasnation for the
venous filling is not Xnowne and the possibillity eppears

to reguire further investigation.
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CHAPTER FOUR.
AREERYAT CHANGES IN ATHDROSCLEROSIS.
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ARTERIAL CHANGES IN ATHEROSCIEROBIO .

trom the moment when the vascular systen
differentiates Lfrom the primitive mesenchyme, the
arterial wall undergoéa continous changes during
development, maturation, and agelng. During development
the arterisl) wall adapts litself to the stresses
engendered by pulsatlon and avterial pressurs and
Robertson (1960) has d@monstréteﬂ cushion-like thicken-
ings composed of longitudinal muscle and elastic tissuc
in the walls of the popliteal, lowex brachial, and
coronary arfteries of the foetus. These ocecur malnly
at the mouths of brenches and he considers that they
are & physlologicael reactlon to a pulsatile longitudingl
stress. He observed ithis process continuing during the
firet btwo decades of life and noted that these musculsar
cushions became especially prominent st the mouths of
branches of the femoral and popliteal srteries. With
increasing age, the internsl elastic lamins of these
cushions compenced to split and the musculo-elastic
intimal layer becsme nodular followed by vasculerisation
and subsequent deposition of lipld.

This process is accelerated in stheroscler-

osis, in which the predomingnt lesion is the formation of
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intimal plagues coataining lipid. AV the same time, there
ig progressive medial fibrosls and calcium may be
deposited in the medis or in the intima,

The effects on the artery are the resuliant
of the luminal narrowing csused by lntimal thickening
and plague formetions weakenling of the wall due to medial
fibrosig; congtrletion produced by peri-arterial Librosis;
and rigidity cauvsed by calcification,

The reletionshipy between thene fTactors end

arterial flow can be studlied on the arterlogram,

1. Intimal Thickening and Placue Formation.

Intimal thickening is usually most severe in
the posterior wall of an artery and leads to nerrowing
of the lumen and & conscquent reduction in blood Tlow.
Ag the volume of flow is proportional to the fourih
power 0F the radius; & small decrease in diameter has a
more serious limiting effect than might otherwise be
expected, Intimal thickening leads to irregularity of
outline of the vessel on the arteriogram and tends to
become more severe with the passege of time (Pig.29).

Plagque formation can be recognised on the
arteriogram by the presence of localised stenosis or by
g decreage in density of the dye column. These changes

are illustrated in Plg.30 where plagues are seen in Tthe
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adductor rezion of the superficlal femoral artery and in
the popliteal artery -« two sites at which they freguently
develop.

Although the volune of blood fiow in the
vessel is reduced by these changes, bthere is an incressed
rate of flow through the stenosed aresa which militates
againgt the deposition of thrombus and in some cases the
srtery may remain patent in spite of stenosis. Fig.3l
ghowe an sortae with symmetrical narrowlng at the aortic
bifurcgation and obliteration of the 1umbar and inferior
megenteric arveries due Hto extensive atherosclerosis,
This lesion has not progressed during the past three
years and Fig.32 illustrates mevere bilateral adductor
stenosis in & man of T4 years of age whick has also not
progresged to occluglon,

In other cases, fibrin is deposited on an
atherosclerotic plague leading to progresslive narrowlng
and uwltimete occlusion (Fig.%%. This process is
frequently seen in the lower abdominal aorta at operation
when pale gelatinous thrombus loosely adherent €0 the
intime has t0 be removed, and it is common when there is
calcification and ulceration of the plague.

The Tinal thrombosis and occlusion may take
place when lthe circulation rate is slowed e.g. during

bed rest, or when 2 portion of fibrin separates and
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blocks the nearly ocecluded vessel. Local factors
determine whether there is occlusion of the main vessel
itgelf or obliteration of side channels only (Pig.3l).
If the main vessel becomes obliterated by
ﬁhrombosis {(1'1ig.29), thrombus is propsgated as far as
the nearest proximal branch. If the rate of flow into
thisg branch is sufficlently high to overcome the local
factors favouring fthrombosis, occlusion will be halted
at this level but, 1f the vessel is sgmall and the flow
rate is poor, it may be overwhelmed by thrombosis which
will continue to spread until a branch is resched whose
rate of flow is sufficient to limit the occlusion.
Similarly, thrombosis extends downwards
until & satisfactory rate of flow from a major branch
prevents further extension. When thrombosis le halted,
the oeclusion is bounded above by a pranch (the 'limiting®
collateral) which anastomoses through tortuous
connections with the branch below the occlusion (the
re-gntrant collateral)}. There is a reversal of flow in
the latter vessel (Longlend, 1953) which carries blood
back into the main channel., Fig.29 illustraites the
limiting end re-entrant collaterals (derived from
branches visualised prior to occlusion) connected by s

network of collasteral vessels.
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2o wilatation.

Although progressive narrowing and eventual
occluslon ia the usual sequence of events, weakening of
the arterial wall due Hto medlial fibrogis may predominaite
and lead to early dilatation. One very striking
appearance occasionally Zound on ariveriography is the
"headed® appearance which results when dilatation and
stenosis alternate at short intervals (Pig.354). This is
to he differentiated from the 'beaded’ or crensted
sppearance described by Wickbom and Bartley (1957).
This may appeayr during arteriography by the Seldinger
technique due to the development of static pressure
waves (Theander, 1960) and is different in appearsnce
to the fized deformity of the arterial wall shown in
PigeBbde

A nore advanced degree of this condition is
illustrated in Fige.35 and 36. This type of vessel with
a lumen of varilable dlameter developz a turbulent flow
and 1t is believed that these srteries are liable Yo
early extensive thrombosis which may endanger the
visbllity of the 1limb. Thoe artery illustrated in Iig.34
thrombosed 18 months after the arteriogram was performed
snd & mid-thigh amputation was wrequired. The artery
illustrated in Plg.30 thrombosed six months afver the

first arteriogram, This patient, who wes only 45 vears



w69

old, developed severe intermittent claudication and
ischeenic rest pain, awputation heing averted by
aympathétic hlock.

Fig.37 Lllustrates & vessel in which
multiple dilatafion of a more severe degree hog ogcurved
and. esrly sneurysmal dilatetion is present. In other
cages, dllatation lg eccentric leadlng to the formation
of & saccular snourysm (Pig.38).

DRilatabion and zneurysm formetion frequently
affect the lower abdominal aorte where arterial pressure
is high, and Fig,.39 shows early aneurysmal dilstation of
the aorte. In these casesy, the sortic wall is often
found to be split Into two layers (intimal lining snd
attenuated media) by extensive circumferential deposite
of pultaceous cholesterol debris.

Artverigl dilatation may also be seen in the
post-gtenotic dilatation which occurs beyoud & stenosed
segment (Pig.40). This is generally believed to be due
to the turbulence produced when a rapldly flowing stream
of blood through the stonosls resches the wider lumen
beyond and produces an increased latersl pressure which
leads to dilstatlion of the weak arteriel wall. Robiesek
and his colleagues (1958), however, showed that increased
lateral pressure did not occur beyond the stenosis and

they ascribe the dilatation to the effects of turbulence
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and cevitation on & weak arterial wall.

Should arterial occlusion eventually develoyp,
the dilatation may persist distal to the occluded segment
(FPig.41), indicating thet thrombosis has extended

proxinally.

ITn the athervosclerotsic ariery, fibrosis
of the medlia leads to weakness of the arterial wall,
but fibrosis also occurs outside the vegsel producing
adheslion to neighbouring structures. The degree of
£fibrosis is proporitional to the severity of the
atherosclerotic changes and it 18 most severe in relation
to the posterior wall of the artery. Dense Lfibrotic
adhgpions may develop between the sorbtae and inferiowr
vena cavae and behind the right common iliac artery as
it crosses the left common iliac vein., Operative
dlssectlon may be difficult and, in the surgery of
abdoninel aneurysm, it is safer to excise the anterlor
and latersl waells ol the gece leaving the posterior wall
in situ than to try and separate it from the vens cava,

In rare cases, fibrogis may play a major
pert in constricting an artery and its excision at
operation may reliesve stenosis and permit improvement

in blood flow, Only one case of severe perivascular
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fibrosis has been opersted on.

HeSey & 32 year old women, complained of
bilateral claudication at 100 yards and; on aorbography,
wes found to have narrvowing of both common Lliac
arteries. At opevation, there was no occlusgion bul densae
fibrous Hissue surrocunded both arteries and appeared to
consirict them. When the fibrous tissue was excised,
the artverial dismeter returned to normal and her
claudication was relieved. Three years labter, she
developed severe left slded clesudication due %o occlugion
of the external iliac and common femoral arterles and
algo had evidence of bilatersl renal artery stenosls.
The common iliasc avteries, however, were still patent.

Occaslionally, localised dense perisrterial
fibrosis hes been found which has led to difficulty in
mobilising the aorte. In these cases, intra-mural
extravasation of dye has occurred at the corresponding
pite during aortogrephy and is belleved to have caused
the fibrosis. Extrammurél extravasation has not resulted

in a gimilar degree of fibrosis.

4o Ualeifications

Calcium is deposited in long-standing

atherosclerotic plagques and favours the development of
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ulceration and thrombosis. It is, however, seldom
extensive except in Monckeberg's sclerogis where
calcification of the media occurs without intimal lesions
and the aritery remains patent.

In atherosclerosis, Lindbom (1950) has
pointed out that calcifilcation tends éc support the
arterial wall and maintaln patency whereas uncalcifiled
portions of the‘same vessel show nsrrowing of the lumen.
Herrison (19%3) showed this experimentally in rabbits.
He treated rabbits with learge doses of celciferol to
produce medial calcificetion then gave them standard
cholesterol feeding to induce atherome. He found thatb
the portions of asovta which remained mobile developed
cholesterol deposlts while the rigid calcified areas
remained free and he slso found that the greatest
deposition of cholesterol occurred at the margins of
the ealeified areas.

Yige.42 supports these findings as the
diameteyr of the lumen is meintsined in the calcifled
rogion and severe narrowing without caleiflication occurs
lower down. Flg.43 illustrates & proximal occlusion of
the superxficiel femoral axrtery with calcification in the
sdductor regilon, and the luminel diameter is normal &t
the caleiflied areas and reduced elsewhere.

Bvidence of calcification on a stralght
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x-ray of the lower leg is often regarded as confirmatory
evidence of arterial occlusion. This supposition ig
frequently errvoneous a8 exteansive caleification is due
to Monckeberg's sclerosis in which the artery is patent,
and even in severely calelfied atherosclerotic vessels
1t is usuelly possible to demonsirate some degree of

patency (Fig.44).
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CHAPTER FIVE,
THE DEVELOPMENT AND LOCALISATION OF INTIMAL PLAQUES.
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CHAPTER FIVE.

THE DEVELOPMENT AND LOCALISATTON OF INTIMAL PLAQUES .

Thé principal lesion in atherosclerosis i
the intimal plague end arterisl occlusion develops at
the gites of pleque formation. These lesionsg show a
predilection for certein specific poxtions of the
arterial tree in the lower limb which may be classified
as § -

1. The Adductor Reglion.

This region comprises the adductor cansal
and opening and is the commonest s8ite for arterisl
ocelusion in the lower limb (Fig.29). - Leviche and
Bertrand, 1946.

2. The Blifurcations of the Larse Arteries.

Plaque formation ls common &% the
bifurcations of the large arteries - i,e. aortlic, iliac,
popliteal. Exsuples of lesions at these three sites are
illustrated in Flgs.45, 46, and 47,

%3¢ AL the Origins of Latersl Branches and Collatersl
Vessels.

Plaque Zormation at the origin of a large
branch is fyrequent and collateral vessels nmay become
narrowed at their origin by involvement in the
atherosclerotic process (Fig.48).

o o A Em am e
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In the lower limb, atherosclerotic lesions
affect mainly the larger arterles and Dible (1956)
showed that the peroneal and plantar arterles were
relatively free from severe atherosclerotic changes in
limbs smputated for gangrene. Thig accords with the
evidence of Young and hilis colleagues (1960) who showed
that the degree of atherosclerotlc change in an artvery
wag proporitional to its radius.

The distribution of lesions in the larger
arteries ie not uniform and thelr location is probably
determined in some wey by local mechanical fastors
(Duguid and Robertson, 1957).

The development of lesions at sperific sites
may be due to alterations in the mechanilies of blood flow
at these sites, to changes in the arterlal wall, or to a

combination of both mechanisms.

In 1962, Murphy, Rowsell, Downle, Robinson,
and Mustard studied the pattern and distribution of
thrombotic deposits in mechanlicel models and found thet
they were strikingly similar o the pattern of incipient
atheroseclerosls 8% comparable sites in the arterial
system. The earliest and conly consistent component of
the flow chember deposits was the blood platelet, and,

in enother paper, Murphy and Mustard (1962) claimed that
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the "mean platelet adhesive index™ waeg signlilcently
greater and the "plasma thromboplastin tine® was
algnificantly shorter in a group of stherosclerotlic
patiento when couparved with s control group. Geissinger,
Mustard, and Rowsell (1962) found microihrombi on the
normal intime of young swine adjacent to the orifices of
the intercostal vessels and bifurcstbtions, and belleve
that vlatelet thrombi may be important in the production
of sthevosclerotic lesions.

In 1946 epud 1948, Dugudid published his
atudlens on coronary and aortlic atherosclerosis and
suggested that intimal thickening in atherosclerosis wes
due to the incorporation and organisation of muwral
thrombl which subsequently had lipid deposlted in them.
Hig findings were substentizted by Morgen (19%56) and the
chain of evidence was carrled a stage further when
Friedman and Byers (1961) produced experimental thrombi
in the arterdes of hypercholegterolaemic rabblits and
found tvhet thrombus formstion inveriably led to the
formation of an intimal plagque. These plagues accumulated
1ipid in sltes which ¥simulated exactly" the distribuition
of 1lipid in human plagues and differed in appearance
from the fatty stresking which ocours with cholesterol

feeding alone.
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Alterstiong in the mechanice of blood flow
are likely to iunfluvence the patitern of deposition of
thromhi and Texon, Impsrsto, and Lord (1L960) regarded
the volocity of blood flow, the calibre of the lumen,
and the arterial pattern ss inportant Lactors. In an
interesting experiment, they implanted an aubtogralt of
carotid artery into the femoral artery of a dege. This
had the effect of lengthening the srvery which bhecame
S-phaped and the graft developed atherosclevotic changes
in the inside wall of the curve. In this connection, it
is interesting that the adductor region of the femorsl
arvery has a natural S-bhend (Plig.H9) and that the
atherosclerotic poplitenl artery develops simllar {types
of curve (Flg.66).

Tn addition to these factore, changes in
blood viscomity may be importeni. Dintenfass (1962)
measured the viscosity of blood samples taken at random
by & cone-in-eone robational viscometer and found that
one sample showed & 10-fold increase in viscoslty

compared with thoe others.

It 48 therefore possible to explaln the
development and localisatlion of atherosclerotle lesions
on the basis of alierations in blood £flow and thrombus

deposition, Thie, however, infers thav inbtimal chenges
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are secondary to the deposition of thrombus and there is
a congiderable body of evidence to suggest that the

primary change is intimal.

Roberteon (1960) found that intimal cushions
develop at the mouths of branches during foetal and
early adult life and believes that this intimal hyper-
plasia develops 1n adaptation to the sitresses of
arterial pulsation, With incressing age, the cushions
became nodular and the internal elastic lamina
fragmented followed by vascularisation and the deposition
of lipid. Priedman and Byers (196)) believed thet the
origin of the plaque depended on precedlng intimal
hyperplasia and that damage to the ilntima by thrombosisg,
heemorrhage, physical, or chemical factors could produce
a non=speciflc intimal byperplasia in response to such
danage. |

It 1s probable that some relationship exists
between diet, serum liplds sud atherosclerosis and
Parker (1960) found that changes occurred in the internal
elastle lamina of rabbit's coronary arterlies asg early
a8 24 houres after the onset of cholesterol feeding snd
these changes preceded the appearance of cellular
elenents. Page (1954) postulated that lipids are normally

sransported through the srterial wall from within out
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and that lipids may be deposited in excess under certain
conditions, and Adams, Baylise, and Ibrahim (1962)
demonsitrated the early deposit of tritium=labelled
cholesterol in the intimse by autoradiographic studies.
This preceded the concentration of cholesterol in the
medlia and wes believed to be due to infilitration from
the blood.

1f cholesterol 1ls filtered in this way, its
depoglition must be due to failure of normal metabolisn
or mecheanisms of transport or to the presence of excesge
ive amounts of cholesterol.

In histochemical investigaetion of normal
and atherosclerotic aortvas in men, Ademe, Bayliss, and
Ibrahim (1962) found that ensyme activiiy progressively
falls in the ageing and stherosclerotic vessel, and
suggest that these enszyme defects mey interfere with
the synthesis of phospholipid and protein whieh are
important in the trensport and dispersion of cholesterol
and other lipids. Dixon (1958) states that lack of
phogpholiplid may lead teo inadequate dispersion of lipid
and that excess cholesterocl appears to interfere with
the synthesis of phospholipid and to antagonise
phoapholipid in its action on enulsions.

The deposition of lipid in sthevosclerosis

ocours in the Qeepest layer of the intima which is
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normally nourished by difffusion from the lumen of the
vessel. The vass vagorum do not penetvrate the intime until
plague formetion is developing (Winternltz, Thomas, and
le Compte, 1937, 19%8) and it has been suggested thatb
snoxia occcurs 1n the porvion of intime next to the medls.
Anoxia ip Iknown to Interfers with the processes of lipid
metabolism (Dixon, 1958) and so may lead to accumulatlon
of cholesterol in +thlis layer.

More recently, it has been suggested that
changes in the ground substance of the arterial wall
may oeccur in atherosclerosies but evidence on this point
is conflicting. Buddecke (1962) found changes in the
quantitative relationships of the various acid muco-
polysaccharides iln atherosclerotic vessels but Bottcher
and Xlynstrs (1962) found no correlation beitween the
acld mucopolysaccharides and different degrees of

atherogclerosis.

The frequent occurrence of intimeal
haemorrhage in atherosclerotic vessels was firet noted
by Paterson (19%6) and Winternitz, Thomas, and le
Gompte showed thav the atherosclerotic intime was
permeated by a mneitwork of finve vascular chennels derived
from the vass vasorum and Irom the lumen of the artery

and that haemorrhage from themse vessels wes conuon,
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They suggested that the falty meterial in the plague
was derived from the breskdown products of these
heemorrhagzes., Morgan (1956) confirmed the frequent
occurrence 0f intimal haemorrhage in atherosclerotic
intima. Paterson, Moffatt, and Mills (1956) demonstrated
the presence of iron pigment in early fatty lesions and
Friodman, Byers, and St.George (1962) stated that lipid
and cholesterol were derdved from the vessels vascularige
ing the initlal lesion and that their sccumulation wae
incressed by haemorrhage from these new vepsels,

Intimal haemorrhage may result from the
affects of stress on the erterial wall and be a factor
in the development and localisation of arterial oeclusion
as Lindbom (1950) found that the incidence of intimal
nsenoyrhage in the femoral and popliteal arteries wasg
grestest in the segments where occlusion was commonest.

Intimal heemorrhsge undoubtedly occurs in
the atherosclerotic intima but it is not the primary
couge although it may play a part in the further
development of the plague whose origin is determined by
other factors.

The setiology of atherosclerosis is o complex
gubject and the search for the ultimete ceuse continues

although 1t i8 posaible that there ils no single caupe



and that its onset is determined by a number of factors.

Prom the viewpoint of a surgeon accusiomed
o conslder peripheral vascular disease in terms of
arterial occlusion, it is possible that individual
liability to atherosclerosis is determined by racial
and genetic susceptibllity, by dietary habits of races
or individuals, or by endocrine or hormonal factors snd
that the localisation of lesions in specific aress is
determined by alterations in the mecheanics of blood flow
at bifurcations, curves, and branches oxr by the
development of stress in the arterisl wsall.

That mechanical factors are important in
determining the localisation of lesions is supported by

the evidence presented in the next chapter.
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CHAPPER SIX.
THE ORIGIN OF FEMORO-POPLITEAL OCCLUSIONS.,
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CHAPTTR HSIX.

THE ORIGIN OF ¥EMORO=-POPLLEBAL QCCLUSTONS .

When one wishes to study arterisl occlusion
in patients with intermittent claudicetion it is not
possible to utilisge amputation specimens as the arterial
legion in these cases 1s more extenslive than in
clavndication and has led 0 the development of gangrene.
Autopsy speclmens are also unsultable because patients
coning to post-moritem are seldom known to hsve had
cleaudlcation during life and autopsy studies are there-
fore concerned with the study of occlusion as an
incidental finding.

In claudicating patiente, the evidence of
occluslon is found in the srteriogram but the study of
the lesions is vendered difficult by the complexity and
variety of occlusions found. In the following analysis,
8 method hags been adopted which makes it possible to
undertake comparative studles of arteriograms and this
hes yielded information as to the sites of origin of

occlusion in the femoral snd popliteal arteries.

Material.
Most of the patients who presented with

intermittent claudication due 1o ogclusion below the
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common femoral artery from 1957 to 1960 underwent
bilateral femoral arteriography.

305 men were examined in the out-patient
department in whom the femoral pulses were normel and
the absence of aorto-iliac occlusion was assumed. All
had internittent claudication and sympbtoms and signs of
incipient or established gengrene were absent.

0f these,; 17 were not x~vragyed becsuse they
were elderly or uniit and an additional 24 have been
discarded for the following reasons i-

6 had no visible lesion on arteriography
and, in the absence ol otheiy causes, the dlagnosis of
clandication was doubtfulsy in 6 patienvs without evidence
of oceclusion, the claudication sppeared %o be related to
cardiac insufficlency; one patlent had no occlusion and
treatment of his ansemia ‘cured' his claudication; and,
in 11 patients, the srteriograns were technicelly
unsatisfactory due to extravasation or insdeguate
visuslisation,

There remained the bllateral sarteriograms
(528) of 264 men available for study L.c. 86,6% of the

original number.
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Method of study.

During these years the technlque of
arteriography was sbandard with a constant tube distance
of 50 dns., The magnification resulting from this method
is iliustrated in ig.49, where lead markers werc placed
as b cm. intervals on the thigh at the approximate level
of the femorsl and popliteal arteries and lines were
dravn on the x-ray £ilm at 5 cm., intervals. The
magnification can be caleculated by comparison of the
recorded distances between the mavkers and the lines
dyrawn on the x-ray film. As the vessel descends, it
inelines backwards and lies closer to the x-ray film so
that the magpnification at the level of the popliteal
artery is less than at the level of the superficial
femoral artery.

Calculation shows that bthe magnification in
the lower part of the thigh is approximately 4%
increasing to 8% in the upper part of the thigh.

The femoral and poplitesal arterieg arve
normally visualised on the lst and 2nd films of the
arteriogram (Pig.L5) and the difference in magnification
between these two filme approximates fto 1%. The
principal error, therefore, is the 4~8% magnification on
to film and the minor difference between the lst and

2nd films has been ignored, As the conditions of



radiography were standard throughout, it ls considered
that comparative neassurement of filme from different
patients is possible provided that the data obtained
do not demand e high degree of accuracy in measurement.

It is difficult to obtain some Lfixed point
on the arteriogram Lrom which occlusions cen be messured.
The degree of x-ray penetraition of the groin is often
pooy and it may be ilmposgible to define the common
femoral Junction and utilise it as & fixed point for
meagurenent. In other filus, the exact point of divisilon
mey be ohscured by superimposition of the origins of the
superficial and deep femoral arteries and it is uncommon
%o obtain such a clear plicbture of the common femoral
arvtery as is illustrated in Pig.50.

Lindbom (1950) utilised the lesser trochanter
ag a fixed point for messurenment and related the length
of the occlusion to the distance between the lesser
trochanter and the popliteal bifurcation. He then reduced
the measurenent to a "standard' length in order o
compare occlusions,

The popliteal bifurcation, however, is
varieble in slte and, in the present study, simple
measurement of the distance of the oceluslon from the
¥nee joint has been used. This wmethod gives a graphic

pleture of the site and extent of an occlusion when
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exprensad as e.g. "an occluded segment 6 cmas. long
whose lower level was 13 cms. sbove the knee joint level®.
This method does not apply any correctlion for varistion
in the total. length of the artery.

T0 compare oc¢clusiong, il is necessary %o
have a scale agadns’t which occlusions can be recorded.
In 29 £ilme in which the common femoral Jjunction gould
be accuralbely defined, the mean distance from knee joint
levsl wag 40.034 cmo. with & stendard deviation of
1.5 cms. (Ranges—= 36 1o 4% c¢ms.). The majority were
grouped around the 40 cme. distance and this hasg been
adopted as the upper level of the scale. Bbecause the
upper segment of the superflicial Temoral aritery is usually
glther wholly patent or wholly oeccluded, the recording of
occlusions by this method is not materially influenced
by sdopting any level from %6 cms. upwards ss the
‘sbandard® level for the common femoral Jjunction.

The adoptlon of a 'etendard' level for the
popliteal bifurecation is more difficult as this
sometimes lles at or above the kunee Joint., Major
variations, however, were uncommon and, as none of +the
arteries with a high poplitesal bifurcation was occluded
("ige.22 & 23%), the recording of occlusions was nob
affected, In 97 ohservations there were 6 high

bifurcations (all patent) and, in the remalnder, the
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mean distance fyom the knee joint toe the bifurcation wes
5,08 cms,{Standard deviation 0,9 cme,). The majority of
observations occurred st 5~6 cms. below the level of the
knee joint and 5 cms. has been adopled as the 'standard?
distance of the popliteal bifurcation from the knce
joint. Where the segment below the knee joint is patent,
the recording of occlusions is unaeffected whatever the
actual length of the segment. Where occlusion involves
this portion of the popliteal artery asnd the actual level
of the bifurcation ig not visible, it has heen assumed
to lie at © cms. for the purpose of recording the
gccelusion.

The length of the adopted scele for the
Lemoral and popliteal axtbteries is therefore 45 cms,.
dero represents the level of the knee joint, 40 ems. the
common femoral Junction and minus % cms. the popliteal

bifureation,.

Fig.5) illustrates the appliecation of the
method.,

The distances in centimetres from the knee
joint (midway between the femoral and tibial condyloes)
to the upper and lower limits of an occlusion are
measured and a verticsl line is drawn sgainst the seale

on graph peper o vepressent the occlusion., In this figure,
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the ogclusions in the right leg of 42 patients with
bilatersl claudication have been charited and all bypes
of occlusion sre represented. The long occlusions are
seen to extend wp Lo the level of the common Ffemoral
junetlon and one extends the whole length of the femoral
and popliteal arteries l.e. from 40 to -5 cme. The shori
occlusions Jlie mainly at the middle and lower parits of
the scale.

When occluelons are drawn in this way, it is
posgible to construct & histogram of the rate of
occlusion at different levels by counting the number of
occlugsions recorded at each level and plotting
horizontally the number obbvained asgainet a simllar secale.
The histogrem for the right leg of these 42 patients is
geen on the right hand side of Fig.51,

Regults.

In Mg.b5l, the principal feature of the
histogram is the large peak at 18 cmas, where the rate of
occlusion is maximal. There is also a high incidence
around this point, the whole pesk occupylng the portion
of the scale between 14 and 25 cms. By reference to the
left hand side of the figure, it is evident that this
pesk is due to the number of occlusions which start or

finish within this region and also to the short



G 2en

ceeluslong which lie wholly within thils reglon. This
portlon of the scele is therefore the site of naxinum
ineldence of arterial occlusion and corresponds to the
adéuctor region {(Lindbom 1950).

At hhe upper part of the histogram, the
striking feabture is the absence of varistion bebtween
30 and 40 omg. whiech indicates thet no ¢ccluslion in
thin group has sterted or finished within this gsegment.
Because thromboslie spreads upy and down an ertery to the
acarest braaneh whose rate of flow le sufficiently rapid
to nald the further spread of thrombosis, the absence of
variebion in this segnment of the histogram suggents that
collateral vessels in the upper segment of the
superficial femoral artery ave either few in number or
too small to halt the spread of thrombosis (Flg.50).

The lowest part of the curve Lrom 13 to
=5 cms. corvesponds to The popliteal artery and appears
ameoth. The rate of occlusion is less st this level
indicating thet the popliteal artery ils legs liable to

occlusion than the superiicial femoral artery

Iin the 528 arteriograms, 273 (51.7%) showed
ocelusion of the femoral and/or popliteal arbtery, end
e 22 avberies had a double occlusion, 29% femoroe

popliteal ocelusions were found.
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Mg.52 is the histogram of 295 femoro-
popliteal occlusions. The lsrge adductor pesk ig
prominent and extends from 14 to about 27 cmsz,, being
agaln mexlimal at 18 cms. Thé lower part of the curve is
not completely smooth and appears to have two steps:-
from 9 to 14 cms. and from 2 to -5 cms. Slight
variation in the %0 to 40 cm. segment indicates thab
ogclusions are occasionally limited by collsterals in
this yregion.

When analysed in this way, the long
ogclusions are recorded at multiple levels snd overe
shadow the pattern of the short occlusions which are
recorded at relatively few levels., By excluding the long
occlusions and constructing =2 histogram of short
occlugions it is possible to obtain a different and

nore significant pattern.

short Occluslions.

As the record of each short occlusion must
conbain within its length the point of origin of the
occlusion, one would expect that the shovrbter the
occluslions charted, the more precise would be the
indication of their site of origin. In practice, the
nurber of observations dimlnishes with increassed

gelectlivity and the nunber of occlugions measuring 2 cmns.



or tess (25 in number) is oo small for analysis.
Accordingly, occlusions of 5 cms. and less (88 in number)
and 3 ems. or less (46 in number) have been charted.

Mg.53 i the histogram of the distribution
of the 88 occcluslions measuring % cns. or less. Three
digbinet peaks are visible. The main peak is maximal at
18 ems. and extends from L4 Ho 21 cme., and corvesponds
to the sdductor pesk illustrated in Tig.52. It contalins
61 (69.5%) of the 88 occluslions confirming that the
majority of short occlusions arise in the adductor region.

The second peak extends from 5 to 10 cmg.
and contains 11 ocelusions (12.5% of 88). The thlird
peak extends from O Lo =5 cms. and also containg 11
ocelusions (1L2.5%) .

The remaining 5 occluslons which do not fall
within these % pesks occupy intermedliate positions.
Their number is small because ghort occlusions appear
to aggregate at three specific sites in the femoral and

popliteal arterice.

When the 46 occlusions of % cms. Oor less
are charted (Fig.54), the histogram obbtained is similar
0 that of the 5 cm., occlusions snd shows the same three
peaks. The adductor peak is mazimal at 17 cms.,; extends

from 14 to 21 ems,, and contains the majority of the
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oeclusions - 32 (69.6%). The middle peak st 5 to 10 cms.
from the kuee joint contains 5 occlusions (10.9%) and
tue lowest peak from 1 t0 =5 cms. containe 6 occlusions
(13%), there being 3 occlu@ionﬁ occupying intermediate
positions.

The pattern of short occlusions illustrated
in Plgs.53 & 54 suggests that short occlusions erise at
thyree apecllic sites, and, by inference, that femoro-

popliteal occlusions origlnate at these Tthree sites.

'Tacipient® Oceluslions.

Another method by which one might expect to
obtain evidence conceyrning the sites of origin of
femoro=-popliteal occluslons is by charting the
distribution of atherosclerotic plagues which narrow
the vessel to such an exbent that occlusion sppears
inminent. Pig.55 is the photograph of an ‘incipient!
adductor ccclusion, the degree of narrvowling heing such
as to suggest that thrombosls and ococclusion will not be
long delayed.

With plagques of thils magnitude extending
over more than 1L cm. of vegsel, the observaltion has been
recorded at & distsnce from the knee Jjoint eguivalent

to the mid-~peint of the plague.
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In the series of 528 arteriograms,; there
were L67 atheromatous plagues producing severe narvowling
snd their distribution 1ls charted in Fig.Hh6.

The peak incidence is at 19 cms., with a
spread from 14 to 24 cms. which corresponds fairly
closely to the adductor peake illustrated in Figs.55
and 54 and this segment contains over 60% of the total
number of observations. There ls an inereased incidence
of lesions betweoen O esnd 8 cme. which does not correspond
exactly to the middle peak from 5 to 10 cms. in Figs.53
and 54 but there is an increassed incideance of plagues and
of short occlusions in the popliteal artery above the
level of the knee jointb.

There is & low lncidence of plagues in the
popliteal artery below kuee joint level in the areae
covered by the lowest peaks of Fige.%3 and 54 but there
is a high incldence of leslons atv the popliteal
bifurcation. As the lowest peak in the histogram of the
3 cms. ogclusions (Fig.54) tends to rise towards the
popliteal bifurcation (=% cms.), it is possible that the
popliteal bifurcation is the site of origin of these low
occluslions.

Pig.bT illustrates narrowing at the popliteal
and posterior Hibial bifurcations, and the lesion at the

popliteal bifurcation appears likely to produce anterior
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tibial oceclusion without affecting the mein artery. On
the other hand, the lesion in Fig.47 is produeing
narrowing of the lowest portion of the popliteal ariery
and, if occlusion were to develop, it would seem liable
to apread up the poplitsal artery to thé nearest large
collateral vessel. This type of lesion might therefore
lead to a low popliteal occlusion (Fig.58) and produce
the type of occlusion responsible for the lowest peaks
of Mige. B3 & 54. Comparieon of Iigp.47 & 57 suggests
that only some plaques at the popliteal bifurcation
produce low popliteal occluslons, whereas others produce

anterior tibisl or posterior tibvial occlusions.

Wmo M M e ean e

From the evidence furnished by the histogramns
it would appear that femoro-poplitesl occlusions originate
at three speclific sitep 3~

1) in the adductor region which lies from l4=24cms.
from the kuee Jjoint and is responsible for 60-T0%
of femoro-popliteal occluslions;

2) in the portion of the popliteal artery which
lies sabove the knee joint;

3) at the popliteal bifurcation.
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THE CAUBE Of QCCLUSTION IN THE FEMORAL AND POPLITEAL

ARTERIES .

a) The Adductor Region.

The histograms in Figs.52, 53 and 54
indicate that the segment from 14-24 cms. is the region
where the incidence of occlusion is maximel and where
plaque formetion is commonest (FMig.%6). Yhis sppesrs to
represent the adduector region (Lindbom, 1950), although
it ig difficult to define this region on the individual
arteriogramn. The adductor cansel snd the opening in +the
adductor magnus tendon through which the femoral sritery
passes to become the popliteal artery ocan very in site
and the customary A-P view of the srteriogram gives
little indication of the level of the adducltor opening.

The lateral view (Fig.59) gives o better
indication of how the superficlal femoral artery inclines
posteriorly to become the popliteal aritery, and this
arteriogram suggests that the adductor opening might lie
about 15 cms. from the knee jJjoint.

The descending genicular artery (Fig.60) may
occanionally be easily ldentified on the arteriogram and
as it uswally leaves the main vessel just proximal to the
adductor opening (Gray, 1962), it cen be used as a gulde

to the level of the opening. In 20 arteriogrems in which
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it wee readily identified, this artery and/or its
suboutaneous saphenous branch was usually found to arise
betwaeen 1% and 1Y% cms. although the distence of its
origin fyom the knee joint varied Lyrom 12 to 16 cms.

Oun the other hand, Lt has occasionally bheen sesn at
operation to take origin from the upper emnd of the
popliteal avtery Jjust beyond the adductor opening snd
its position is thevefore oanly an epproximete gulde

o the adduetor openring.

It is generally accephed that the adductor
region is the comwmonest site of occlusion in the asrteries
to the lower limb {(Leriche and Bertrand, 1946) but
estimates of the frequency of ogclusion at this level
tend to vary. Mavor's (1958) estimate thai this region
wag the primary site of thrombosis in 83% of 223 coses
(including aorto=-iliac occlusions) appesrs very high
and Dunlop and Sanvos’® (1957) incidence of 764 wos based
on & small series of only 41 arveriograms. Singer (1963)
hus recently reviewed a serles of avbteriograms as
8te Mary's Hosplial and found that 64% of femoral
agrberien were thrombosed in the adductor region, cases
0of aoxto-1lliac occlusion belng excluded.

In the present series, the meximum incldence
of occlusion in the femoral and poplitesl ariteries

{¥ig.52) was found at 18 cms. wherve 60.5% of the 273%
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ceceluded arteries were thrombosed. This number, however,
only relates to one point in the arterial tree and does
not give the number of occclusions located or srising in
the adductvor region. It 18 possible to obtain sonme
evidence concerning the incidence of ocelusion in the
adductor region from Pigs.5% and 54 where the number of
adductor occlusions was respectively 69.5% and 69.0%.
fMarther indirect evidence may be obtained from Fig.H6
where 62.%% of the atherosclerotic plaques were found in
the adductor region.

Thege figures are more closely sallled to the
64% incidence noted by Singer then the figures quoted by
Mavoyxr and Dunloy and Santos, and it seems reasconable to
aagune thet the adductor region will be the site of
origin of between 60 and T0% of all femoro-popliteal

occlusiong.,

The commonly accepted theory of ths couse of
occolusion at this level is the repeated traums
experienced by the pulsaitile artery where it lies in
intimatve contact with the tendon of adductor magnus
(Mig.61)= Palma, 1959, This could produce intimal
haemorrhage which Lindbom (1950) has shown to be common
in the adductor region and which is incriminated by

Winternitz, Thomas, and Lo Compte (1938) and by
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Morgen (1956) as the most important factor in the
increase in size of atherosclerotic plagques.

Lindbom (195%0) produced arteriographic
evidence to show that the artery is relatively fixed
in the adductor canal. He made two arteriographic
sxposures of the ardtery on one film wiith the quadriceps
magele relaxed during one exposure and contracted in the
other, and found that the artery presented one image in
the adductor reglon and a double image above and below,
He suggested that stress is eugendered bebween this
gegment and the more moblle srtery ahove and below
leading to intimal haemorrhege and subsaquent deposition
of cholesterol. Porsonsl sititempts to reproduce this
finding heve, hovever, been unsuccessaful.

This le a variation of the stress theory
and, although there is no doubt that vessel damege and
threomboais may be produced by the major traume of a
penetrating or closed injury (Fig.62), it is more
difficult to evaluate the eifects of recurrent minow

traume In the production of atherosclerotic lesions.

There ig some evidence Lo show that another
Yactor -~ the tendency for plague formation to occur at
the origln of large tributories - may bhe involved in the

development of atherosclerotlic plagueg and ccclusion in
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this region. Robertson (1960Q) has shown that intimal
gushiong develop at the origin of branches in the femoral
and popliteal arteries in eerly adult life and that, with
increasing age, they become nodulap and vascularised and
the eventusl deposition of lipid completes thelwr
transfornation into atherosclerotic plagues. Support for
thig theory is afforded by the evidence that branches are
numeroung in the sdductor region and in the poplitenl
artory sbove the level ol the knee joint where occclusion
is commonest. The Lfrequency with which large branches
arise from these segments can be shown as follows § -

Bach oseclusion ds limited above and below
by a collateral vessel whose rate of £low has heen
sufficient to halt the further spread of thrombosis.
Small arterial brancheg sre often obliterated by the
ppreading thrombus end the collaterals bounding an
occlusgion tend to be derived from the larger branches
of the superficial femoral and popliteal sriteries.

In Flig.6%, the upper and lower levels of
pcclusion have been plotted separately for esch of the
295 femoro-popliteal occlusions found. The distribution
curve on the left of this figure is the distribution of
the 'limiting' collaterals sbove the occlusion, and the
eurve on the right is the distribution of the msin

're-entrent’ collsteral below each occlusion.
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By summation of the curves in Fig.63,

Pig.64 is obtained., This is a combined hisbtogram of the
"1limiting' and ‘re-entrant' collaterals bounding the
occluslions and should be related to the distribution of
the larger and wmore important branches of the femoral
and poplitesl ariteries although it is not the pattern of
distribution of all the collaterals in cach case.

The presence of & large number of major
collaterals in the adductor region is evident and these
numerous vessels are responsible for the frequency with
which short occlusions occur in the afdductor region, i.e.
it is the numerous branches which determine the
occurrence of short occlusions and not vice versa. The
opposite is seen in the upper part of the superficlal
femoral artery where collaterals are few (Fig.50) and
occluslons are long.

It is possible, therefore, that the high
incidence of collateral vessels in the adductor region
Tavours the development of plaques elther by degeneration
of the intimal collar at the mouth of each vessel or by
contributing to the fixity of the artery noted by
Lindbom (1950). There is also a negatlve correlaition
between the distribution of branches aund plaque
formation in that intimel thickening (Lindbom, 1950)

and plague development (Fig.56) are uncommon in the
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regiong where branches are few i.e, in the upper part
of the superficlal femorsl artery asnd in the popliteal
artery below the level of the knee joint.

It i3 not claimed that plague formation at
the origin of branches in the adductor region ig the
cause of the high frequency of thrombosis in this region
but Lt ds believed Lo be an important faetor, additional

to the part played hy the adductor tendon itself.

b) The Poplitesal Artery.

Mavor (1958) stated that the development of
thrombosis at a site other than the adductor region wase
uncommon, and implicated the popliteal avtery ag the
site of thrombosis in only 10% of cases. Similarly,
Leriche and Bertrand (1946) desciribed only 15 popliteal
occlusions in 133 occlusions of the lower leg. On the
other hand, Haimovieci, Shapiro, snd Jdscobson (1960)
found the incidence of poplitesl occlusion was much
higher - 32,7%. These differences in the incidence of
popliteal ocelusion may be dus to variatious in the
type of case included in these series as popliteal
occluslion is commoxner in gangrence than it is in
claudication,

PFigs.53 & 54 indicsate that there is a segment

of Tthe popliteal artery above the level of the knee joint
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which is the origin of about 129 of all femoro~poplitesal
caclusions in claudicating patlents, end Pig.50 suzgpesis
thet this site of oxdigin is not & speeific one but is
vather diffuse.

Lindbom®s (19%0) obasgrvation that the distal
poepliteal ertery is compesratively free from intimsl
whickenlng and the known low incidence of occluslon in
the popliteal artery below the level of the knee Joint
{(Martin, 1958) sre confirmed by the relative absence of
plague formetion (Fig.56) snd the low incidence of
oocclusion at this level (Fig.52). Mavor (1958) noted
that the segment of the popliteal artery below the level
of the knee Joint ls "free of branches and uvsually
healthy® and d4id not make the deduction that the absence
of branches in this segment (Plg.64) conld be the reason
for ite welative freedom from atherosclerosls.

The cause of ocelusion in the popliteal
arsery above the level of the knee Joint has never been
adequately explained., Haimovicl, Shapiro, and Jacobson
(1960) suggest that the popliteal sriery sbove the knee
Lz subjected to trsums during bending and stretcohing of
the knee Joint but do not explain why the lesions should
arise mainly above tho knee Joint.

The popliteal artery in this region is

surrounded by adipose tissue whieh allows 1% to move



freely during flexion of the kmee jJoint and it is not
confined by a fixed aunstomical structure comparable with
the adauctor tendon.

Pig 65 illustrates the early popliteal lesion.
This patvient has developed an area of poplitesal
narrowing in a typlcal site with previous evidence of
severe atherosclerosis.

A lateral arteriogram of the poplitesl artery
(FPig.66) during knee flexion shows that the
atherosclerotic srtery develops a large primary and
smaller secondaxry curves due to the arterial elongation
which develops in atheroseclerosis. In this Liligure,
branches lesve the main srtery st the ends of the
principal curve and it is possible that the artery is
tethered o contracting muecle at these points and is
free t0 develop a curve only betweén theee branches.
If this is s0, and the curve pattern of the tertuous
atherosclerotic poplitesl artery is determined by the
plte of origin of its large vessels, the curve pattern
will vary from patient to patient as the origin of the
large branches variles.

Lindbom (19%50) showed that caleification in
vhe popliteal artery develops on the sumnit of the
convexity of the curves and suggesited that this part of

the artery was subject $0 the greatest stress in knee
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movement. It mlght be expeched that atherosclerotic
plagues would also form at the sumnlt of the convexity
in response to stress, and ¥ig.07 suggests that this
nay be s0. 0n the other hend, Texon, Imparato, and
Lord (1960) implanted an S—-shaped autograft in the
femoral artery and found that atherosclerovic changes

were most severe in the concave wall of the curve,

It is therefore possible to postulate thab
the variable curve pattern of the poplitesl artery is the
couse of variation in the site at which atherosclerotie
plagues develop, and this would explain the scatiored
observations recorded in Fig.bH6 where plagues were found
t0 develop at a variable level in the popliteal artery
sbove the level of the knee joint. The variable level
of origin of the sursl vessels from this segment (Fig.64)
could defermine the curve pattern of this megment of the
artery and so he responsible for influencing the

development of occlusion at this level (Vigs.53, 54).

There is a possible alternative explanation
for the development of leslions in the popliteal artery

above the level of the knee joint.

Intimal thickening is common at the origin

of branches end Lindbvom (1950) was able to show thet
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the digtribution of branches and of intimal thickening
was simllar in the feuworal and pepliteal svteries.
Increase in thisg intimal thickening could lead to plaque
formation and uwitimate occlusion and would explain the
relationship between the large branches in the popliteal
artery above the knee joint (Fig.64) and the developument
of atherosclerotic plagues (Pig.56) and occlusion
(Pigs.53% and S4) in this segment. On this basis, the
relative absence of branches below the knee jJoint
(Fige64; Mavor, 1998) would explaln the low incidence

of plague formetion (Fig.56) and the low incidence of

occlusion in this segment (Fig.52; Mertin, 1958).

There is no definite evidence to show
whether lesiona develop in the peopliteal artery due to
plagque formation at the summit of the curves or %o
plaque formation at the origin of branchesm, but it is
possible that both mechanisms could be responsible for

the development of og¢clusion.

¢) The Poplitesl Bifurvcatlion.

#ig.56 indicates that plagque formation is
common at the poplitesld bifurceition, and 1t appears
probable that low popliteal occlusions (Pig.68) develop

from lesions at this level (Fig.d7).
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Mavor (19%8) stated that spresd of thrombosis
in the popliteal artery was in a distal direction.
A tobal popliteal occlusion as illustrated in Pig.69
could arise in two waye. As Mavor suggesis, the lesion
could develop in the upper part of the popliteal artery
and sypread distally oblitersting the sural arteries
until the bifurcation was reached. Alternatively, the
lesion could commence atlthe popliteal bifurcation and
spread upwards, again obliterating the sural arteries.
1'ig.60 showa & sural artery which is grossly narrowed
at its ovrigin eand suggests that the second mechanisn
of uﬁward gpread is occurring in this cane.

In general, it is bellieved that upward
spread of occlugion from the popliteal bifurcation is
importent and Pigs.b% and 54 suggest thet it may account

for about 12% of all femoro-popliteal occlusions.
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CHAPTER SV,

2 COLLATERAL, CIRCULALION.
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CHAPLTER STVEN e

THE COLLATERAL GIRCULATION.

When ocelusion develops in a main artery,
the nourishment of the distal part of the limb depends
on the aveilable blood fiow through alternative chonnels
- the colleteral circulation.

Where there sre two major arteries acting
in parallel s in the forearm (the radial and ulnary
arteries) and these are united distally by major arterlal
chaanels (the palmar arches), occlusion of either nsin
artery produces relatively little eireulatory
disturbance as the rewmaining channel is sdequate to
provide for the metabolic requirements of the hand.
Although this system is theoretically duplicated in the
lower leg, the digtal connections through the malleolar
and plantar srches sre small and occlusion of one lower
leg artery is likely to produce symptoms of arterial
insuflicliency, especially where the remaining vessels
are affected by atherosclerosis.

In the lower limb, ccclusion is commonest in
the femoral and popliteal srteries and relatively comuon
in the aoxta and ilisc arteries. This blocks the main
arterial flow and the blood supply to the distal paris

depends on the anastonoses available between the branches
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proximal and distel to the ccclusion, the symptoms
produced by occlusion depending on the rate of onset
of occlusion and on the arterisl segment involved.

If thrombosis develops suddenly, &8 in
embholism, secondary or oonéecutive thrombosis is lisble
to overwhelm asud obliterate the adjacent normal branches
onn whose integrity the collateral circulation depends
and ilschaemia will be pevere.

In atherosclerosis, on the other hand, the
onset of oaclusion is insidious and is preceded by &
period during which the main artery is narrowed and the
volume of blood flow is reduced. During this time, the
distal arterial pressure is reduced and there is sn
increased pressure differsential in the collateral vessels
lepading 0 an increased rate of flow through ithem sud a
consequent increasge in their diameter (Nothnagel, 1889)
accompanied by increased ariterisl tension within them
and consequenl hypertrophy of the srterial wall (Thons,
189%) . Plig.55 lllustrates the developmenit of the
¢ollateral circulation at this stage in response %o
narrowing of the main artery.

Thus, when occluslion finally develops, the
collateral clrculetion is already avallable and
sufficient blood is conveyed to the distal parts of the

Limb to maintein viabillity except when occlusion is
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exteneive. Following occlusion, the collateral vessels
undergo a furthey inecrease in size and efficiency leading
very often to an improvement in symptoms in the firat

few months after occlusion has developed.

Prom the site of the initisl occluslon,
thrombosis spreads up and down untll halved by the
increased rate of flow through & large bhranch and the
occlusion becomes bounded by the nearest efficlent
arterial branches. In many cases, the collateral vessel
balow the occlusion is larger than thet which arises
prozimal to the oceclusion (Fig.70). Above the occlusion,
blood leaver the maln artery by various braanches snd by
the 'limiting' collatberal situated st the upper end of
the occluded segment, and re-enters the patent main
artery dlstal to the occluslon by the main ‘re-entrant’
collateral (Longlend, 195%.) and other brasnches below
the occluslion. The connecting channels hetween the
limiting and re~entrant collaterals very in size and
lengih and are characterised on the arteriogrem by thelr
tortuous appearance (Flgs.7L, 72).

When the collateral circulstion is efficient,
the spread of thrombosgls is limlted by large collaterals
and the occlusion becomes 'stabilised'. Under these
conditions, the patient's cleuvdication may remain staisic

and the prognosis is good (Bloor, 1961).
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The disease process remalns, however, aud
may involve the origins of the collateral vessels
themngelves producing narvowing of the vesgsel as 11 meets
the main arvery (IFlgs.48, 60). In the course of Hime,
thrombosis may obliterate these collaterals and lead %o
extension of the occluglion which will remain gegmental
only if there are other adeguate collateral vessels to
limit the spread of thrombosis.

I the collsateral ciroculation is inefficient
when occlusion occurs, the primary thrombosis may be
extengive and produce severe symptoms or the occlusion
may sbtabilise temporarily end extend at a later date
because tho distal rate of flow isg insufficient to

prevent further thrombosis.

ERFICIENCY QF THE COLLATERAL CIRCULAPRION.

The localisation of thrombosis to a segment
of maln artery and the degree of digablility produced by
occclusion depend on the effleiency of the collateral
clreulation, and this is determined by such factors as
the severdity of the atherosclerotic chenges, the sge and
cardiac status of the patient, and the gite and extent

of arterial occlusion.
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) Severity of Athervosclerosis.

When atherosclerotic changes are widespread
and severse, the collateral vessels are liable to become
narvowed at their origin (Fig.60) or the main vessels
feeding the collaterals mny also be diseased (Pig.73).
nder such circumstences, the Llow through the collateral
clreulation is reduced and symptoms may be severe.

On the other hend, where ounly mild
atherosclarotic changes are present, hyperitrophy of
collateral vessels readily occurs and this is sometimes
evident in the profunda femoris artery (Flg.23) -

{(Maveor, 1952.)

b) e

To a large extent this ile correlated with
the pyevious fector as the severity of athercosclerotic
changes bends to increase with age, alithough there are
many excepbions to the rule., In younger patients, the
collateral circulation is usually more efficient and an
extensive oy major occlusion may produce only a minor
disablility. Plg.74 lllustrates an sortic occlusion in a
young diebetic patient of 37 years, yet in gplte of
this serioun lesion he does not have any pein when
walking on level ground and only experviences claudication

on hills., Pig.71 illustrates a double femoro-poplitesal
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occalusion which virbtually amounts to total femoro-
popliteanl occlusion. This patient, aged 44 years,
suffered from cleuwdication only, salthough this type of
oeclusion frequently gives rise {0 gangrene.

The elderly petient, however, cannot develop
such a good collateral circulation and is liable %o
experience severe claudication ox to develop gangrene

when arterizl occlugion is extensive.

o) Qardiac Status.

The cardiac state of a patient may atlfect
the severity of symptoms experienced. Patienta with
gsevere cardiac insufilcliency and impalred cardiasc output
due, for exemple,; to suriculaer fibrillation or congestive
cardliac fallure may experience claudication even with &
paten® srterial 1tree and improvement in clsudlcetion
distance is nobt possible until their cerdiac efficlency
increases. Where occlusion is present, the collateral
blood flow in patienta with cardisc insufficiency will
be poor. The occlusion sets up a peripheral resistance
which the failing heart cennot overcome and in extrome
casea of right heart Tallure gangrene of the toes may

develop.
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d) site of Occlusion.

The anatomical patbways of the collateral
clreulation developed in reeponse to arterisl occlusion
are described separately with the individual lesions,

In general, the collateral circulation
developed in sorio=-liliac ocelusion is nmore efficient thon
that in femoro-popliteal occlusion (De Bakey, 1958).

To some extent, there is a gradation in efficiency of the
collateral circulation according to the site of occlusion,
the efficlency being highest in sorto-iliac occlusion

and poorvept in poplitesl and tihial occlusions.

In 19%2, Gibbon and Landis studied the
vagodilatation occurring in the toes in response $o
immersion of the hands in wsrm water and showed that this
can be used as & test of vasomotor activiity. When skin
temperature thermocouples are attached to the great toes
and connected to & sensitive standardisced galvanometer,

e direct measure of the vasodllatation response to reflex
heating is obtained. Lewis and Pickering (1931) showed
that these vasomotor changes sre mediated through the
efferent pathways of the sympathetic nervous system and
this test may be used as an index of the rlse in
temperature which can be produced in the foot by
sympathectomny.

When this reflex vagodllation test 1s used
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in patients with arterial occlusion, differsunt types of
curves may be obtalned (Flg.T5). When & patent arterial
channe) to bthe toe le present (i.e. one tibial aprtery
can be occluded without altering the shape of the curve),
the curve yises rapidly sand ig SBeshgped. When continuity
of the main arterial tyee is interrupted by
atherosclerotic peclusion, the commencenment of the rise
is delayed, the rate of ripe is slower, snd the meximum
helght of the curve is uswually reduoced.

Pig.T5 illustrates three types of abnormal
curve. One is the "femoral lag curve' described by Reild
(pers.comm.) where the curve lags hehind the normal one
but wltimately reaches mazimum levels. This type of
eurve is wacommon bub it is almost disgnostic of
occelusions of the proximal part of the superficlial femoral
artery or of & ghort adductor occluslon with good
collateral vessels. When the site of oecclusion is more
distal or the femoro-popliteal occcliualion is of moderate
length, the secgond type of shnormel curve ocours with 4
glow delayved rise to intermediste levels. The third
curve ls vivtuslly a straight line with 1little evidence
of a rise in temperature snd is Lound in popliteal or
extensive Lemoro-popliteal occelusions., the collateral
circulation is poor in such casep and the prognosis as

to viabllity of the leg may alpo be poor,
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To some exvent, therefore, the efficiency of
the c¢ollateral circuletion as measured by the reflex
vaso~dilation test is related to the site of occlusion
and the rate of rise of the curve iLs slower in the

move Qlstal occlusions.

¢) Length of Occlusion.

The length of an occlumlon also affecis the
gfficlency of the available collatersl cgirculation.
Where the occlumion is short, the collateral channels
are also short (Flig.76) and ususlly efficient. In & few
cases, shey mey even form & 'bridge' across the gap, snd
an vwnusuasl example of thig is seen in Pig.77T where the
anastomosing collateral vessels have hypertrophied to
form & chennel which is almost s wlde as the main
artery.

In other occluslons, the collaterasls run »
Longer course heflore enastomosing with disgtel vessels
(Fig.78) and thelr efficiency is ecorrespondingly reduced
although they may compensste for this by thelr
maltiplicity.

In lengthy oecclusions, the collatersls take
a long and often deviows couvurse and in the extrsme case
! of total femoro-popliteal occluasion the channels derived

from the profunda femoris haeve to travel to below the
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Imee to effect union with brenches of the tiblsl
arteries (Mig.79). In suech clircumstances, the collateral

cirveulation is poor and there is a risk of gangrene.

PHE ERPECT OF SYMPATHECTOMY ON THE COLLATERAL CIRCULATION.

The arteries of the lower limb are
controlled by tonic vaso-constrictor impulses from the
lumbar sympathetlic chain. The collateral ecireoculabion in
patients with arterial og¢clusion is subject to the same
control and release of sympathetlic activity will result
in dilatation of collatersl vessels and & consequent
increase in blood flow. As sympathebic control ls released
by reflex heating, the reflex veso-dilation test gives a
measure of the potentlal ilncresse in collatersl
circulation 1t is possible 4o obtain after lumbar
sympathecitomy. The reflex vasc—~allation curve found in
patients who have undergone sympathectomy (Fig.80)
suggests that the collateral chennels are more or lees
maximelly dilated st all times after sympathectomy.

Experiments on rabbits (Longlend, 1953)
suggest thai sympathectomy promotes early development of
the full potential of the c¢ollatersl cireculation but thed
the nunber and size of collaterals developed in response
to arterial ligation ls not increased by sympathectomy.

However, arteriography in patieats who have undergone
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sympathectomy shows exiensive development of anastomotic
channels which has not been ssen in non-sympathectomised

patients.

d.Cey, 8 mineyr aged 54 years, was seen in
1958 when he complained of bilateral claudication at
LO0 yards distance of Tour yesrs duration. A left lumbar
sympathectomy had been periormed in 1955 without benefit.

Femoral arteriography reverled a long
femoro-popliteal occluslion in the rlght leg with
reconsgtitution of the popliteal artery and s total
femoro-poplitenl occlusion in the left leg (Fig.81) with
anterior tibial and peronesl occlusions.

The left foot was very werm and, in spite
of the extensive arterial occluslion, his sympabhectony
appears to have promoted the development of an extvensive
collateral circulation whilch ensured the viability of
the leg. Collateral developmeni of this degree has ounly
been seen in patients who had undergone lumbay
sympathectomy ox phenol sympathetlc block some years
before.

The reflex vaso-dilation test of this patient
ig illustrated in Fig.80. The curve of the right leg
shows a moderate but incomplete rise, and that of the

left leg starts at a high level esnd shows very little
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rige, indicating that sympathectomy hes produced
viptually maximum veso-dilatation.

Pollowing phenol injection of the right
lunbar sympathetic chain, his righit foot also became
very warm but his claudication distance was not improved,
Bilateral selective nerve crush was performed end he
gubsequently was able to walk for more then a mile
without stopping and he returned to work at the coal face.

The exbtensive development of collateral
vessels following sympathectomy found in this snd other
casern does not accord with lLongland's findings In
rabbits where the number and size of collaterals wes
not increased by sympathectomy, and it may be that the
eflfeotes of sympathectomy in man are different to those

in rabbitg.
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CHAPTER LIGHT,

THE PATTERN OPF ARTERIAT, QCCILUSION.




o) &b

CHAYTER BIGHT,

PHE PAPTERN OF ARTERIAL OCCLUSION.

Arterisal occlusion cauvalng intermitvtent
claudication may bhe single or multiple, unilateral or
bilateral, and mey alffect any poritieon of the srterial
tree from the abdominal sorta to the plentar arteries.
Certain parts of the erterial tree are more prone to
occlusive disease Tthen others and it 1s possible to
recognise cevtain common types of ccclumion on
arteriography and to attempt to classify them.

It is customary to consideyr two main groups
of occlusions : - acrto=illac occluslonz affectlng the
aorte and iliac arteries and femoro-poplibteal oceclusions
involving the femoral and popliteal arteries (De Bakey,
1958) . Yhese can be differentiated clinically by the
charaeter of the femoral pulse and this grouping is
importent in relation to symptomatology and the type of
surgical tresaitment undertaken in each.

Pibial and peroneal occlusions are frequently
regarded ag mere conconitants of femoro-popliteal
ccelusiong and an iunfrequent csuse of claudicatlion e.go.
8% of 223 cases (Mavor, 1958), but this study suggests
that they are more common than ig generslly reslised, and

they have been analysed ag o geparate group.
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Ao THE PATWERN OF AORTO~ILIAC OCULUSION.

Since Leriche's (1940) classical description
of thrombosis of the aortic bifurcation, it has been
recognised that other types of sorto-~iliac diseasce occur
and that the pattern of aorto-iliac occlusion is varied
and complex,

The pattern of sorto-iliac occluslon has been
gtudied in & consecutive gerles of 90 aoribograms in which
lesions responsible for producing intermittents
clauvdlcation were found, patlients with ischeemic rest
pain or gangrene having been excluded. This group is
necessarily a biasssed sample of the patients presenting
wlth sorto-llliac occlusion and claudication, because
approximately one-thlrd of the patienis seen at the
Qut-Patient Depariment were not subjected to asoriogrephy
either because they were 100 old or unfit to undergo
this investigation or were considered unsultable for
recongtructive surgery. Most of the aortograns, therefore,
were performed in patients under 60 years of age. In
addition, minor aorto-iliac leslons are likely to have
been excluded from consideration because the femoral
pulse was not sufficiently altered in characier to
indicate the necessity for aoritography and, in these

cages, bilateral femorsl arteriography, the casier and
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safer examinstion, was undertaken.

In the classgification of lesions from
aorbograms, it has been necessary to exclude minor
atheroselevrotic ifrregularities and areas of narrowing,
and inclpient lesions have only been included where the
degree of ayiterisl nerrowing was severe and the lesion
has been The cause of sympioms.

It is difficult o deduce the site of origin
of some occclusions as consecewtive thrombosis tends to
obsceure the pattern, and this Aifficulty is greatest in
considering common lliac oeclusions which may originate
in the avtery itsell or from lesions at the sortic or
common 1liac bifvrcations. However, an abtempt has been
nade to deduce the probable site of origin of oecclusion
from the type of lesion present. I'or exemple, in Pig.82
it has been assuned that the left common illac occlusion
originated in the common iliac artery itself as there ig
an early equivalent lesion on the right side, and, in
Mig.8%, & similar origin could be assumed as there is no
evidence of narrvowing of the patent common ilisc artery
at the aortie bifurcation. However, the presence of
external illac occlusion suggests that occlusion in this
case may have originated at the right common iliac
bifurcation. Pig.84 shows & right common iliac ocelusion

which has presumsbly originated 2% the smortic bifurcation.
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Combined common and external lliac
ccclugions have been agsumed To orliginste from lesions
of the common iliamc bifuvrcation (Fig.83) although it is
poesible that the lesion originated sither at the aortic
bifurcation or in the common iliac artery and the
external ilisc artery became cccluded by distal spread
of thrombosis.

Certain deductiong and assumptlions hsve
therefore been made &8 $0 the origin of individual
occlusionsg but careful study suggests that there ave
three common sites of origin of asowrto-iliac oc¢clusions -
the sortic bifurcation, the common iliac artery itself

and the common illac bifurcation.

L. Ocecluslons of the Aorta.

in 31 of the 90 cases, the arterial lesion
appsared 1o orviginate from the aortic biifurcatlion
(Pable 1),

The commonest lesion was atherosclerotic
narrowing at the bifurcation (18 cases) which was mild
in two cases (Pigs. 9 and %1) and severe in 16, This
uskally resulted in sovere stenosis of the orifices of
both common jiliac arteries (Plg.45) but in three cases
narrowing of the common lliac artery was unilateral.

in one case, nowever, the incilplent lesion wses in the



lower sbdominal aorta itself (Pig.85).

Pable 1 =~ Classification of Aorto-Ilieec Occluslons in
90 Aortograms sccording to probable site of

origlin.

In this teble, only the principal leaion
cauging aynptoms 1s echertsd end additional lesions are

not recorded.

Site of Origin
0f Tienion.

Aoriic
Bifureation -~ 3l

Zype of Legion.

Aorble Oeclusion

to reanel art. e 4
o dinf.meg.art. - 5
Ineipient Bifurcetion Leslon
Unilateral o= B
Bilateral 15
Common Jliac (Qecclusion
Unilateral - L
Bilateral “ 5

{one stenosaed)

Commoyn Iliac
Artexry -

e
&

Inclipient Ocelusion

Unilateral =106
Bilateral - %
Common Ilime Occlusion
Unilateral - 4
Bllateral - 5

(one stencged)

Common Iliac
bifurcation - 24

Inciplent Common Iliac
Bifurcation - P
baternal ITlisc Qccluslion ~12
Internal ITllsac¢ Ooclusion -~ 2
Combined iliae Oeclusions
Common and Ixternsl - 6
External and Internsl-2

Gommon Femoral
Artery - 1

Common Femoral Qccluslon « 7
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In four cases,; the common illsc artery was
occcluded on one slde with evidence of narrowing of the
other artery ln three of these due to a bifurcation
leslon (Fig.86), and there were nine cases of aortie

ocelusion.

The developnent of stenosis at the aoriic
bifurcation is therefove relstively frequenlt and important
as it appeared to be the slite of origin of 22 bkifurcation
lesions and 9 aortic occlusions.

in & few patients, stencslis due to fidbrosis
appears o predominate (Plg.9), but, in the majority,
intimal thickening and thrombus depositlion lead to
progressive narrowing and eventual thromboais. During
operetive dissection Iin three of these cases, a portion
of thrombus, loosely attached to an intimal plaque,
became dislodged and plugged & common ilisc artery, and
thies suggestes anobther way in whiech occlusion could be
preciplitated,

With any bifurecation lesion, blockage of the
orifices of both common illac arteries may develop and
aecon&ary thrombosis will extend up the aorta and down
the common iliac arteries. The outfliow through the
lumbay arteries is usually lnsufflieient to halt the

upward spread of thrombus and the level of proximal
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extenslion will depend on the rate of outflow through
the inferior mesenteric artery. If this is repid,
thromboels will be halted at this level giving the
type of lesion illustrated in Figs.74 and 87. This was
found in 5 cases.

If the inferior mesenteric artery is narrowed
at its origin or already occluded (Fig.3l), thrombosis
will extend up to the level of the renal srieries (Fig.88)
in oﬁhﬁr cases, bthrombosis may be halted at the level of
the inferlor mesenteric artery but may subseguently
extend upwards due to progressive gtenosis at the origin
of this avrtery. Four patients presenting with intermittent
claudication were found to have e complets aortle
occlusion up to the level of the renal arteries and three
cases (one with a bifurcation lesion end two with
ccclusion up to the inferior mesenteric artery)
subsequently developed complete occlusion up to the level
of the renal arterlies. Wone of these patlents developed
gangrene although one of the latter group developed
temporary ischaemic rest pein (Plg.84).

Thromboals is usually halted at the renal
arterles becauss of the rapid outflow of blood &t this
level, Occlusion involving both rensl arteries is
incompetible with 1life and is a rare event whilch hes

only been seen in one patlient in whom & saddle embolus
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produced acrtic occlusion and subsegquent embolism led
to billateral renal artery occlusion and death.

Although the inferior mesenteric artery is
frequently narrowed or occluded by thrombosis, it is
unugual for symptoms of colonic ischaemia to develop.
When the artery is narrowed et ite origin by
atherosclerosis, the marginal artery of the colon
hypertrophies (1"ig.88) and ig supplied from the superior
nesenteric and rectal srteries, and when occlusion occurs,
the morginal artery maintains the viability of the colon.
Damage to the axtery durdng dissectlon in e patient with
aorbo=-ilisc occlusion or the ligation necesgitated by
excislion of an aneurysm do not usuvally affect boweld
viability because of the collateral circulation which
has been bulll up, but aecute occlusion of a2 healthy
artery as in inferior mesenteric embolism may lead to

gangrene of the colon.

2. Qoclusions of the Common ITliac Artery.

Occlusion of the common iliec artery may be
due to lesione avising at one of three sltes :~
a) bthe sortic bifurcation (FPig.84).
b}y in the main stem of the artery itself (FPig.82).
¢) the common ilisc bifurcation (Fige.46 and 83).

It is not always possible to determine which of the three
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sites 1s the origin of an individual oceluslon but a
reagonably accurate deduction can be mode in some capes.
In lesions where the occluslon is incomplete, the mource

of origin can be accurately localissd (Pig.40).

Table 2 s— Clegsification of 128 major inciplent and
actual occluslong in the sortogram of 90
patients with intermittent claudication.

Site of Qeclusion. Number of Oesclusions.
Aortic Occlusion o 9
Ingipient Bifurcation Occlusion - 18
Stenonig of Common Iliac Artery - 51
Qcelusion of Common Ifliac Arisery o 21
Qeeclusion of lxterpal Ilisc Artery - 23
Occolusion of Internal Illac Artery - 12
Stenosis of Common Iliac Bifurcation 2
Oeclusion of Common Femoral Artery - 9
Total - 128

A BIIN PRTRE A

Lesions of +the common 1illac artery are the
commonest form of aorto-iliac occlusion (Table 2). The
21 occluslons and 31 casees of stenosis of the common
iliac arsery account for 57 (43.8%) of the 128 lesions
found in 90 sortogranms.

The origin of lemions in the course of the
common ilisc artery (Pige.89 and 3%) is unusuel in that

the lesion arises in the mid-portion of an artery which
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doea not give origin to large branches. In the lower
linwb, atherosclerotic lesions tend to arise atb the
bifurcations of major arteries v.g. the sorita; in relation
o a fixed uwnyleldlng tendon - the adductor tendon; or in
an artery subject to curve formation snd glving off large
branches - the popliteal artvery; but the common illao
artery dees not have any of these relalionships. Lt is
therefore suwrprising that leslons in the artery itself
are so common and, although it may be adherent Lo the
left common ilise veln ap it crosses 1%, the degree of
Tixilty induced does not seem to be a suflficient source

of stregs as to favour the development of plaques.

In a study of blood flow in a model construct-
ed to resemble the soritic bifurcation, Murphy and his
colleaguas (1962) Tound that platelet thrombi were
deposited at bthe bilifurcaition snd that the two tribuitories
were often free Lrom depoaits in thelr proximal one inch
with furtner linear deposits beyond this. This would
approximate o the middle of the common iliac arteries
and could explain these lesions on the basis of
alterations in hlood flow and thrombus deposition.

Aa alternstive explsnation is possible. The
atherosclerotic sorts tends to become elongated and, in
cages where the aortic bifurcaetion is velatively free of

g¢ipease and not fixed, it has been noted at operation
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that there is an up and down movement of the aorta with
sach pulsation. If we assume that the aorie is fixed
above by the renal end superior mesenteric arteries, and
the common iliac bifurcation is Lixed by the origin of
the internal iliac artery, the elongated Y-~shaped mobile
gegnent would tend to buckle at the middle of the common
iliac arteries leading to agiress in the arterial wall at
the middle of the vessel l.e, the site of origin of meny
lesions (1'ig.40). This stress could lead to intima)l
hyperplaslia and, eventually, to plague formation.

It is possible that the relstive fixity at
the common lliac bifurcation protects the externsl jiliac
artery Irom undue movement and this could explain the
reletively low incidence of severe atherosclerosis in the
gxternal ilisc artery.

In 28 of the 90 sortograms, the principal
leaion (Table l,p.l128) appeared to arise in the middle
of the artery end it is therefore slmost e Llmportans a
gource of occlusion as the sortic bifurcation. In 8 of
thege 28 lesiong, a bilateral dlstribution wae found.

Five of these (e.g. Fig.82) showed occlusion
of the oune side and en inciplent ocecclusion of the other.
If the second gidde were to progress to occlusion,
consecutlve thrombosls wonld lead to occlusion of the

aorte itself and it is therefore poasible that one or
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two of the aortic ocolugions (Table 1, p.128) aroase

from primary conmmon iliac lesions rather than aortic
bifurcation lesions as has been assumed. If this weve so,
it would make the common iliac artery as limportant a
source of occlusion &e the aortic bifurcaﬁion.

Bilateral disease, however, is more -common
than the figures for bilasteral disitribution of lesions
suggests. At operation, 1t is coﬁmon to find that,
althoughAthe lesion is apparently unilateral, the
severlity of atherosclerotic change is only'a_little'leas
severe on the other side and Pig.90 illustrates thise
point. The smell niche in the left common ililac artery
is insufficient %o classify this as a bilateral lesion
in Table 1 (p.128), but evidence of bilaterasl disease is
present on the aortogram although symptoms were
undoubtedly unilateral.

Symmetrical chaﬁges are therefore very
common in common iliac diseasse although the rate of

progression of the two sides i usually asymmetrical.

%e Qeclusions of the Ixternal Iliage Artery.

Qooclugion of the external iliac avtery is
not uncommon and accounted for 23 (18%) of the 128 major
legions found in the 90 aortograms (Teble 2, p.132). As

the principal lesion ceusing symptoms, 1t was found in
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12 of the 90 aortograms and in a further 8 it occurred
in combination with occluslion of other iliac arterles
of the same side (Table 1, p.1l28).

The frequency of these oc¢clusions is rather
surprising because at operation in cases ﬁith ccclusion
of the sortse or common iliac arteries, the external
artery is usually free from severe diseass. Inciplent
lesions of this artery have not been seen except ag
narrowing of its origin at {the common iliac bifurcation
and 1% is probable that occluslon is secondsry to lesions
of this bifurcavion. The whole length of the external
iliec artery becones obliterated by consecutive thrombosis
a8 there are no major branches vo prevent total occlusion.

Pig.9] illustrates an occlusion of the right
external iliac artery and there is a large noteh at the
left common ilinc bifurcaﬁion due to plague formaition.

On grounds of possible symmetry one might infeyr that the
right sided occluslon originated from the common iliac
bifurcation., On the other hand, IM.g.92 shows a combined
external ilisc and common femoral occlusion and it ie
doubtful as to where the combined occcluslon orlginated.
Occlusions of the common femoral artery are usually
agsociated with & patent externsl ilisc, the limiting
collaterale being the inferior epigastric and deep

circumflex iliac arteries (Pig.93), end it is therefore



~157=

belleved Trom aortographic and operative evidence that
most external lliac occlusions originete from lesions
of the common iliac bifurcaiion.

Bilateral externsl iliac oceclusion occurred

in only one case.

Occlﬁaion of this artery was first described
by Boyd and Jepson {19%0). This was a report of two
cases in which traume appesred to be the preclplteting
factor and 1% ie interesting that the method of
treatnent adopted was ariterecltomy end sympathectomy
although this report appeared only 14 years ago. One
patient (not included in Table 1) has been secn in whom
traume precipitated external illase occlusion. He was 2
young soldier who was struck lu the lelft groin by a
rifle butt and developed a large haematoms which
resolved spontaneously. During convalescence, he noticed
that he was claudicating and asortography revealed a left
external illac occluaion.

Another luteresting type of external illsc
ocelusion is that associeted with the wearing of a truss.
In a recent follow up of patients wilith known femoro-
popliteal occlusions, three e¢lderly men were seen in
vhom the femoral pulee had disappeared. Kach had worn a

trugs for a reducible inguinal hernia for some years and
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the disappearance of the femoral pulse in these cases
would appear to be due Ho occlusion of the external
iliac artery caused by the pressure of the truss on an
atherosclevrotic artery. There was no alteration in the
other femoral pulse t0 suggest an sortic bifurcation
lesion snd it would seem unlikely that & common iliac
ogclusion had occurred in the only three patients who
wore trusses snd developed sn absent femoral pulse. It
mugt be assumed that the common femoral artery had
remnained patenﬁ, ag the combination of a common femoral
and femoro-—popliteal occlusion would produce a threst
to vigbility in these elderly patients, whercas, in fact,
no gross deterioration of claudication distance had
occurired. Unfortunately, the age of these patients
precluded verification of the assumed externsal iliac
occlusion by aortography.

This ralises the interesiting question asg to
the course to be adoplied when a patlient with known
peripheral arterial disesse requests treatment of an
ingrinal hernia. The prescription of a truss may lead to
further occlusion due %0 pressure but, on the other hand,
operative vepalr of the hernis may be followed by a
thrombotic artverisl incident during convalescence. The
method of treaiment adopted hes been to undertsake

operative repair of the hernia with early mobilisation



of the patient, provided he was otherwise f£it for

operation,

4, Qeelusions of the Internal ITliac Arteiry.

Occlugion of the intermal iliac artery as
the principal lesion causing symptoms is uncommon
(Ttable L, p.128) end it is more commonly found in
gomblination with other illiac occlusions or as sn
incidentel finding. Its true incidence is often not
appreciated clinically as 1t ls frequently symptomless
and overshadowed by occlusion of the main arterial flow
to the limb. It may, however, be recognised by the
occurrence of butbtock claudicatvion and two csses have
been seen in which arterial pulsation in the limb was
normal but soxtogrephy confirmed that internal iliac
pcclusion was the cause of buttock pain.

The aortogram of one of thesc cases is
illustrated in Pig.94 and indicabtes the probsble origin
of internal lliac occlusions from lezions of the common
iliac bifurcation. However, at operation for asorto-iliac
occlusion, atherosclerotlce changes in the internal iliac
artery sre often severe and 1t is possible that oeclusion
may sometbtimes originaete in the proximal 2 cms. of the

artery rather than from the bifurcation.
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5. Combined Iliac (cclusions.

Plague formation at the common iliag
bifurcation is not infreguent (FMigs.46,94) end mey give
rise to ocelusion of different types. The common and
aﬁternal iliac arterles have no brenches adjacent to the
bifurcation, and the internal iliazc artery usually
courses for about 1 inch before division, BShould
occlusion develop at the bliurcation, 1t is therefore
probable that only one artery will be involved, the other
two vetalning a flow of blood whieh will mainteain paijency.

Occlugion of two arteries is unllkely as the
third would probably not obtaln sufficleni collatverasl
flow 10 maintain patency and the comnonest combination
of twe occluded arteries should be occluslon of the
comnon and external lliac arteries because the internal
ilioe artery is the most richly endowed with branches
of the three. Table 1 (p.l28) shows that this 1s B0.

Occlueion of the three arteries le unlikely,
&g a collateral olrculation will develop during the
initlal period of stenosis and maintain patency of nost
of the internel illac at least. This patvtern has not been
geenl except in patienits with severe and extensive changes

leading to gangrene.
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THE ORIGIN OF AQORTO-ILIAC OCCLUSITONS.

In Table 1 (p.128), the principsl lesions
causing symptoms have been clasplified according to their
probable wourée of origin. Three sites of origin have
been postulated (the sortic bifurcation, the common iliac
artery itself, and the common ilisc bifurcation) because
these are the sltes 8t which incipilent lesions are moat
commonly seen. The relative incidence of ogcluslon
originating at these sites suggests that they are of
approximately equal importence in the csusation of
aorto~iliac occlusion slthough the common iliac artery
itself Je poselbly the most important of the three,
Table 2 (p.132) indicating the frequency wlth which
incomplete lesions of this artery occur. It ig, however,
¢ifficult to be dogmatlic on this point as consecutive
thrombosis obscures the source of orvigin of an occlugion
and the method applied to analysis of femoro-popliteal

occlusions is not possible.
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THE COLLATERAL CIRCULATION IN AORPO-ITLIAC OQCCLUBSILON,.

Lo Aoxtie Occlusion.

Occlusion of the sabdominal aorta msy bhe
subdivided into two principal types s those in which
occlusion extends up to the level of the renal arteries
(Pig.88) and those in which thrombosis is halited at the
level of & patent inferior mesenteric artery (Fig.87).
The available collatexrsal channels 1ln the two types differ
t0 some extent but the level %o which distael thrombosis
exbtends 1is also important as re-entrant collatberals may
be occluded in extensive lesions. When sortic occlusion
oceurs in a claudlceating patient, it is usually possible
0 assume that both common femoral ariteries are patent
and that extensive femoro-popliteal occlusion is zbeent,
This sgsumption is possible because the combination of
an aortic and an extensive Iemoro-popliteal occluslion is
liable 10 produce gangrene excepht in a very young

patient with good collatersls,

The following is a description of the majow
anastomoses which may play a part in restoring blood
flow %o the main chonnel distal ¢ the sortic ocecluslion.
The saxteries avallable for thege snastomosesn very

according to the proximal sund distel levels of occluaion.
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The bnigastrlc Anastomosis.

The superior epigastric asrtery which is the
terminal branch of the dinternal mammary artery and the
inferior epigestrlc srtery arising from the external
iliac artery (Pig.9%) ansstomose in and around the
rechbus muscle and sheath. The development of & collateral
network through these channels is vividly demonstrated
at operation when the paramedian incision bleeds freely
from numerous vessels and makes the incision a tedious

procedure.

The Intercostal - Ilisc Anastonosis.

The lower intercostal sarteries derived from
the thoracic sorite pass into the enterior abdominal wall
0 anastomose with the eplgastric vessels and the
clrcunflex 1llac branch of the external lLliac artery and
alse anastonose wlith the 1lio-lumbar branch of the
internal illiac artery in the iliac fossa. Additionsl
anastonosis wlth the vessels taking pert In the ceruciate

snastomnosis als0 OCCULSa

Lumbar Ansstomogls.

A rich neitwork of collateral vemsels
develops in the posterlior abdominal wall with

contributions from the phrenic, renal, lumbar snd lower
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intercostal arteries anastomoslng with the paristal
branches of the internel iliac artery and vhe vesical
and rectal vessels.

These various anastomoses are developed %o
o high degree in occlusions which extend up to the level
of the renal erterdes but all of the collateral pathweys
are long and torituous and it is by the summation of a
large number of small cehannels that the lower limbs are
nourished.

When occlusilon stops at the level of the
inferior mesenteric artery, two additlional and efficient
pathways add their contribution to the collstersl

network.

The Inferior Mesenteric Ansshtomosis.

When one is teught as an undergraduate that
the inferior mesenteric artery is the artery of supply
to the hind gut, it is Aifficult Ho comprehend the
anastomotic reamificatlions and importance of this artery.
Lindstrom published an article in 1950 pointing out the
importence of this vessel and produced some excellent
photographs to illustrate his vext.

It 1s possilble at operstlon for mortic
occlusion t0 sppreclate that the inferior mesenteric

artery gives rise to emall vessels distributed Yo the
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posterior sbdominal wall in the presacral region but

its major snastomotic contribution is through itvs
ansgtomoses with the middle and inferior rectal arteries
and with the parietal branches of the internal 1liac
artery supplied to the tissues around the rectum (Figs.8,

82) .

The Ilio-Lumbar Ansatomosis.

When gsome lumbear ariteries remain psitent, an
efficient collaterasl clreulation with yelatively short
wide channels 18 built up through snestomoses with the
Lumbar branches of the illio-lumbaxr artery snd the other
parietal branches of the imternal ilisec artery (Fig.8).

This amastonmosis is effective when saortic
occlusion stope at the level of the inferior mesenteric
prbery. Proxinal extension of thrombus to the level of
the renal arteries occludes the upper lumbar artervies
snd veduces the effeciiveness of this anastomosls
although smallexr perietal vessels mey originate from the
sorta sbove the renal srtery and take part in a less

efficient ilio=lumbsr snasitomosic.

2o Common Iliaoe Occluslon.

In occlusion of the common iliasc artery, bthe

anagtomoses described above develop to a varlablo extent.
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In bilateral lesions with occlusion on one side and
stenosis on the other the colleteral ecirculation is to
& large extent the ssme as in low aortic occlusion. In
addition, the patent lower lumbar arterles and possibly
the medlan sacral artery which lesve the aorta above
the occlugion snastomose below with the ilio-lumbar and
parietal branches of the internal ilisc artevries. Their
contribution, however, may not be large, the medien
aacral artery especlally heing affected by
ptherosclerotic changes in the posterlor sortic wall. It
ia freguently absent oy s0 reduced in size as Lo be

relatively ineffective.

Cross=Midline Anastomesis.

The mogt imporvtant anestomotic cireulation
which develops in response Lo iliasc occlusion is the
terogse-nidline’ snestomosis between the parietal and
visceral branches of the two internal ilisc arteries.
This is a striking feature of the aortogram in patlents
with uwnilateral common ilise occlusion where the artery
distal to the block is reconstituted by a Llow of blood
derived from the intact sarvery on the other side. It is
developed to its fulleat extent in the *younger® patient
and is graphically illustrated in PFig.86 where there is

alnost o ladder appearasnce a8 the branches fyom the
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intact side link up with the corresponding branches on
the occluded side. In a patient with a unilateral common
iliac occlusion and intact internsl ilia¢ arteries, this
collateral clrculation is very efficient and
claundication may not be severe. The existence of this
exvonsive network ls the probable resson why unilatersal
common iliac occlusgions respond exceptionally well to
breatment by sympathetic block whereasm sorto-ilisac
occlusions respond poorly &8 a whole (Reld, Watt, snd
Gray, 1961).

The collateral clrculation across the mld-
line gradually becomes reduced when progresgive
narrowing of the patent common iliac ertery develops.
The combination of cocclusion éf one common iliac srtery
and nearrowing of the other is a potentially dangerous
one as the cross-midline anastomosis becomes reduced in
efficlency and aortic occlusion will occur when the
second common illac artery thromboses.

The efficliency of the crops-midline
anestomogls s also reduced by assoclated internsl iliac

ocelusion on one or bobh sides.

%o Qecluslion of the Internal Iliec Artery.

When unilateral occlusion of the internal

lliae artery occurs, the pelvic viscera are supplied by



- l48

the artery of the opposilite side. When both internal
iliac arteries are occcluded, the pari@tal gnd viaceral
branches remain patent snd derive an anastomotic supply
from the lumbar arteries (ilio-lumber snsstomosis) and
from the inf@fior mesenteric anastomosis.

The bladder and recitum receive suificient
blood for normsal function in these cases, although, in
aoute thrombosis (e.g. saddle embolus), urinery
retentlion or even gangrene of the pelvie viscers may
result. fn atheroscleroslis, however, where occlusion is
praceded by a pefica of stenosis, the collateral
cireulation is developed eulfleiently well as to

meintain visceral function.

4. Qeclupion of the Lxternal Iliac Artery.

When ccclusion of the external 1lliec artery
is the sole leslion, & very efficlent collaiteral
ciroulation develops on the lateral well of the pelvis
in which the cobturator srtery plays the major part
(1'1g.92) .

The obturator anastomosis develops between
the obturator branch of the interusl ilisc artery and
the medisl circumnilex branch of {the profunde femoris
artery, the two vessels ramifylng on the outer aspeed

of the obtuvator membrene., The puble branch of {the
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inferior epigasiric artery (the abunormal obturator)

also anastomoses with the obturator artery and helps

to recounstitute the mein vespel distel to the occlusion.
Therse is =lso en anastomosis beiween the

ilio~lumbar artery and the deep circumflex illisc ariery

and the gluteal arieries anastomose with the lateral

gircunflex branch of the profunda femoris in the

cruciate anastomosls.
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B. QCCLUSION OF THE COMMON FEMORAL ARTERY .

Atheroselerotic changes at the bhifurcation
of the common femoral artery are frequently severe
-hecausge atherosclerotic lesions show a predilection
for the bifurcations of large arteries, bub occlusion
ig uncommon (Table 2, p.l3%2). Occlusion of the
puperficial femorsl artery usuwally stops at this level
because of the high vate of flow into the profundas
arbery and, similarly, occlusions of the external iliac
artoery seldom lead to occlusion of the common femoral
artery because of the large re-entrant flow through the
profunda anagltonoses.

Laglons of the common femorel artery are
hest studied in the aortogram and in the 90 aortogrems
analysed, there were 9 occlusions of the common femoral
arsery.

One unuswual case bhas recently been geen in
whilch tine patient had patent iliec arteries dbut bilateral
commont femoral occiusion was pregent asgoclated with
bilateral femoro-popliteal occlusions threatening the
viability of both limbs.

In general, however, common femoral occlusion
ig uncommor and 1n extensive asorto-illiec occlusion it is
usual to find that vthe common femoral artery ls patent

and available for bypass grafting.



=151«

C. QCCLUSIONS Ol THI FEMORAL AND POPLITEAT, ARTERIBD .

The femoral and poplitesl srteries
congtitute the main srterial channel from the groim to
the popliteal bifurcation and are functionally (though
not anatomically) one artery. Although lesions develop
at certain speciflic sites in each vessel, occlusion
tends o spread from one to the other and the length of
an occlusion is determined by the collatersl vessels and
not by anatomical divisions.

Fig.52 is the histogram of the 2¢5 femoxro~-
popliteal oecclusionas found in the 264 patients under-
going bilateral femoral arteriography previously
dlscuased, The upper part of the curve from %0-40 cms.
shows relatively 1little variation and leslons seldom
arise in this segnent (Flig.56). The leslion illustrated
in Plg.50 ie uncommon and most of the occlusions involve
ing the uapper part of the superiiclal femoral artery are
due 10 apread of occlusions criginsating slsevhere.

The relatively flat upper portion of the
eurve is due to the number of long occlusions which
originate in the adductor region and spread upwards to
reach the common femorval jJjunction. The occlusions which
extended up to the common femoral jJjunction numbered 9l

and, of these, 86 measured 20 cms. or more.
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I% is therefore unusual %0 have a short occlusion at
thisg level. As the totel number of femoro-popliiteal
occlusions measuring 20 cms. or more was 94, it is also
unusual for a long occlusion to involve sanother part of
the femoro-poplitveal artery.

Fig.95% ie the distribution of the lower
level of the 91 occlusions extending to the top of the
superficial femorsl artery. There ig a layge peak in the
adductor region from 14 cmg. upwards although there is a
rather surprising number whose lower level lies from
10 %0 1% cems. Fifty-five lie between 14 and 25 cms.,
seventesn lie between 10 and 13 cms. and nineteen lie
between 9 and -5 cnms. The distribution of these long
occlunliong suggests that the majority heve orlgineted
in the adductor region and spread upwards, their length
being due to the relative absence of large collateral
veaselds in the uppey halfl of the superficial foemoral
artery. The long voclusions which ecxtend down to the
popliteal srivery may either have originated there orx
have gpread downwerds from the adductor region due %0
secondary thromboslis.

Upward spread of thrombosis is probably the
comnoner mode of extension end this was graphically

illustrated in & case at operstion,
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Jd.We, & man of 46 years, had an inciplent
adductor occlusion (¥1g.96) with claudication at 100
yards distance. He was admitted to hospital one week
before operation for aenticoagulani therapy but this
wae contre-—indicated by e history of ducdenal ulcer.
At operation, recent thrombus wes Lfound to extend from
the site of the incipient lesion to the common femorsl
artery (Fig.97). The thrombus was nobt adherent and wes
believed to have developed during his pre-—operative stay

in hospital.

Tyvpes of Femoral and Popliteal Ocelumions.

It is difficult to describe an oecclusion of
the femoral and poplliteal arteries seen on the
arteriogram in such a way thet the reader or listener
can vigualise the type of occlusion present. Haimoviel,
Shapiro, and Jacobson (1960) have attempted to classify
ocelusions of the femoral and popliteal arteries and
they describe nine types of occlusion based on a study
of 102 consecutive arteriograms in 91l patients. However,
they found that 33%.%% of cases had combined occlusion
patterns with features of two different types of
ocelusion. In view of the lmmense variety of these lesiona
with regard to site and length, any classiflcation musﬁ

lead to over=simpliflcation snd inevitably some occlusions
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will heve the characteristics of two different groups.

One method would be Lo describe fthe occlugion
in terma of the distance of 1ts two ends from the level
of the kuee joint. Iror example, an occlusion could be
described as being at 14«20 cns. from the kunee joint,
which would indicete that it lay in the edductor region
and was 6 cmg. in length. The disadvantege of such 2
nethod would be the need for measurement as a ruler iag
not always readdly availablo.

An alternsative metvhod would be to classifly
fomoro~popliteal occlusions in groups provided tha® it
was possible to elucldetve some specific pattern of
pcclugion. For example, an ooclusion ab 14 to 20 cms.
could be described as a 'short adductor ccclusion' if
the adjective *short' could be dedined as a ceriain
range of lengith of occlusion.

wWhen the length oif cach ocelusglion is
meapured and tebulated as in Yable 3, (page 155) it is
posslible to éee that occlusions aye most commonly shord
(1 to 10 emse) or long (20 ems. or over) albthough the
aversge length of the femoro-popliteal occlusions studied
(295 in number)was 12 cms. Only 39 (13%) occlusions
measured between 1l and 19 cms. snd only 19 (6%) were
%L cmz. O ovey. The largest group of ocelusion was the

tshort! oeclusions (up to and including 10 ems.) which
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accounted for 57% of the total,

In view of the relatively fow occlusions
between 11 and 19 cma. it would ssem possible 10 describe
the occlusgions ¢f 10 cms. or less as ‘shori'. If
occlusions measuring over 10 cms. in length were
described ag 'long' it is probable (Table 3) that they
would measure over 20 cme. in lengihe.

TABLE 3.
TiHE LENGTH O YEMORQO-POPLITEAL OCCLUBIONS .

Length of Qeclusion 3— cms. No. 0f Occlusions.
L -5 88 ) oy
6 =10 80 )
11 -15 22 ) 93,04
16 =20 18 )
26 =3 28 )
3L =35 11 )
56 =4l 4D 6o 4%
AL ~45 4 )

When a large number of occlusions are drawn
graphically as in Flig.5l, some types of oceclusion occur
freguently and can be recognised. Fig.98 is conatructed
with the lower level of occlusion on the abscissa and
the length of occlusion on the ordinate. The upper level

of each ccclusion is represented by a dot placed
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according to the lower limit and length of each of the
295 femoro-popliteal occlusions,

If @ vertical line ls drawn between 13 and
14 cws. ag an arbitrary division between the femoral and
popliteal arteries, sll the occlusions on the right of
the line lie wholly within the superficial femoral
artery l.e. there are 147 superfliciel femoral occlusions.
If & second line is drawn from & point on the ovdinate
between 18 and 19 cms. (l.e. 13«14 cme. from the knee
joint) to meet the base of the vertical line, an obligque
1line is obtained., The occlusions below znd to the lelt
of this line lie wholly within the popliteal artery i.e.
56 occlusions. The occluslons reprepented in the
remaluing rhomboidal area are the occlunlonsg involving
portions of both the femoral and popliteal arteries il.a,.
92 occlusions,

In this figurs, & tendency towards the
formation of groups can he recognlsed. The observatione
Aying in an obligque line at the top of the figure
repremsent the 91 occlusions extending to the common
femoral juunction; the observations on the ordinate are
the 32 occlusilons extending up from the popliteal
bifurcation of whieh the majority are from 5 4c 11l ems.
in length; the largest group lies at the bottom right

of the filigure; and a numerically smaller group lies
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between these and the popliteal bilfurcation group.

Long Occlusions.

The long occlusions measuring 20 cms. or
more lie on or above the horigzontsel line &t 20 cms. in
Mig.98. There are 94 in all -~ gix of them measuring
20 cma.

he 91 occlusions extending up to the common
femoral junction (¥Flg.9%) lie in an oblique line at the
top of Fig.98. 86 of these measure 20 cms. or more
which neans that only 8 of the 94 'long' occlusions lie
elmsewhere in the femoro-poplitesl artery.

Long occlusions, therefore, usually reach
the common femorsl junction and it is possible to
describe them as 'long superficial femoral occlusions'
oy 'long femoyvo=-popliteal occlusions® according to
whether the lower level of the occlusion lies in the
superficlial femoral or popliteal arteries,

A long superficisl femoral ceccluslon (Iig.99)
lies wholly within the superficial femoral artery (i.c.
lies to the xight of the vertical line in PFig.98 and
measures 20 cms., or more., From this definition, there
pre 50 such occlusions, and each extends to the common
femoral junction.

The long femoro-popliteal occlusions are
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those which inveolve portions of botvh ariterles and
megsure 20 cms. or more (Pig.ll7). These are 44 in
namber and iie in the rhombold st the upper left of
Plge98.,

Two of these affect the total length of
both srteries and extend from the common femoral Junciion
to popliteal bifurcation. This extensive type of
ccclusion is relatively rare in intermittent clsudicstion
(2 out of 295 oeclusions) but is common in the elderly
atherosclerotic patient with geangrene (1ig.79). Because
of this it deserves & seperate description e.g. total
'femoro=-popliteal oeclusion'« The use of this term would
therefore define an occlusion of the toval length of the
superficial femorel and popliteal arteries.

This leaves 42 long femoro-popliteal
occluslons of which %4 extend up to the common femoral
Junetion. The term ‘long femoro=popliteal occlusion!
wounld therefore define an occluslion of 20 cme. or more
which would have an 80% (34/42) probvebility of extending
up to the common femorsl juncition.

Tne long occlusions can thus be classliied
into

Long superficlal femoral occlugions - 50
Liong femoro-poplitesl occlusions - 42

Potal femoro-popliteal occlusions - 2
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Haimoviei, Shapiro, and Jacobson (196Q) did
not differentiate between loug and short occlusliong in
their classification. Occlusions of the superficisl
femoral srtery were proximal (3.6%), distal (17.5%), or
tentive! (15.29%) snd occlusions of the popliteal artery
were proximal (1L6%), distal (6.5%) or ‘entlre® (10.2%).
ntirve femoral and popliteal artery' occlusions (total
fomoro=-popliteal occlusions) totalled 10.2% but thelr
material included only 33% of patients with intermittent
elauvdication, the remeinder having rest paln, ulceration,
or gangrene,; hence the high incidence of these extensive
occluglions.

It ip difficult to compsie their
clagslficasion with the foregoing as the only 'loag!
occlusilonsg they appear o describe are the long
superficial femoral (entire superficlal femoral artery -
Halmovield) and the tovel femoro-poplitesl occlusion
(entire femoral and popliteal artery - Halmoviei), no
proviplion being made for the many long oecluslong which

extend well down into the popliteal arvbtery (Pig.95%).

short Occlugions.

When {the long occlusions of 20 cmz. and
more are subtracted from the totald number of femoroe

popliteal ccclusions (295) there remaln 201 other



=160

occlusions. 0f these, 168 weasure 10 cms. or less,
representing 57% of the total (Table 3, p.155) or 84%
of the remaining 201. It seems reasonable, therefore,
w0 desgignate a ‘short' ccclusion as one measuring Lyomn
1-10 cms. in length especielly as the vcclusions from
11-19 oms. number only 35 and show no definite btendency
0 occur In groups.

Lxamination of FMg.98 suggests that the
short occlusions lie in 3 separete groups s~ those which
extend upwards from & lower level of ~5 ems. (21 in
nunber}; a second group whoss lower level is from
4 %o 7 ema. (26 in number); and the largest group whose
lower level extends from 10 to 21 cms. (106 in number).
To separate off these I groups would iavolve discsvding
ounly 15 of the 168 short occlusions, which appears to be
accepteble in classificatlion. Light of these liec around
the level of the knee joint and measure 2 o 7 cms,. in
length but ere difficult to introduce into the

clagsification because they are iniregquent and variable.

&) Low Popliteal QOcclusilon.

The firset group of 21 occlusions (2% in
number if 11 em. occlusione were included) extends
upwards from -5 cmg for a varlable distance (Pig.98).

Thess are the ccclusions which extend upwards from the
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popliteal bifurcation end are so frequently limited by
the sural asrterles (Figs.58, 68).

In this group, there is an aggregation of
occlusions (17 in number) measuring 5 to L0 ems. in
lengbth corresponding to an upper level of O to 5 cns.
above knee joint level. These ccclusions form an
anatomical and clinidcal group wlth specific charactepr-
istics and cowld be designated 'low popliteal occlusions?
(Distal popliteal ceclusion -~ Haimovici, 1960). They are
limited above by a collaterel vessel which is usually
derived from the sural arteries and extend downwards to

the popliteal bifurcation or beyond,.

b) Total Popliteal Occlusion.

There are other simliler but more extensive
ocelupsions which extend upwards Ffrom the popliteal
bifurcation and occlude almost the whole length of the
popliteal arvery (Fig.69). These are few in number in
Pig.98 where only slx are seen 1o sxbtend from the
popliteal bifurcation to between 9 and 16 cmes. from knee
Joint level. As these occlusions involve almost the
whole length of the popliteal artery, they can be called
'fobalt or 'complete popliteal occlueions® ('Butire
poplitesl artery! - Haimovici, 1960). They are not often

found in patients who have intermittent claudlcatlion
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because they usually produce severe ischasmia leading

to gengrene, The age of a patient with this type of
occclusion is of paremount importance as elderly patients
haeve poor collaterals and often develop gangrene (Fig.69)
whereas younger patients develop good collaterals and

may suffer from claudication only (Fig.l00).

¢) Short Popliteal Occlusions.

The group of 26 occlusions meapuring 1 to
10 cmes. in length with & lower level at% 4 to 7 cms.,
involve either the upper part of the popliteal artery
slone (Fig.l0l) or transgress into the lower part of
the superficial femoral artery (Fig.98), crossing the
oblique line whigh denotes the arbitrary division
between 13 and 14 cma. These occlusions almost separate
into two sub-groups -~ those which are truly short
(1=7 cms.) and lie wholly within the popliteal artery
(15 in nuwber) and those vhich are longer (%cms. or
moxe) and involve the lower part of the superficial
femoral srtery.

Rypical examples of this group of short
popliteal occluslions are mseen in Flgs.T76 and 10L where
they can be seen to lie in the upper part of the
popliteal artery above the knee Joint, and are limited

by well developed collateral vessels.
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a) Short Adduetor Occlusions.

The third group of occlusions in Pig.98
numbers 106, and thelir lower level ranges from 10=21 cms.
This ls not a homogeneous group a8 those on the left of
the scale involve the upper part of the poplitesal artery
and those with a lower level of 14 to 21 cme. involve
the superficlal femoral artery only. Secondly, the
occlumions at 10 ems., (10-12, 10=12, and 10-14) are
overlapped by the longer occlusions of the previous
group whose lower level is 7 cms. (7-12, 7~13%, T-16
and T=17) .

However, the majority of this group lie in
the adductor reglon and for this veason it isg convenlent
to describe them as 'short adductor occlusions' (lg.29).
This term infers an occluslion nmeasuring 10 cms. or less
which lies princlpally in the femoral artery beitween
14 and 21 cems. from knee Joint level. The lowest members
of this group could with reeson be described as 'short
femoro~popliteal occlusions' because they slso lie in
the upper part of the popliteal artery and the upper
members of the group could be csalled *short superficial
femoral occlusions' but there is a disadvantage in
trying o produce 400 complex a classiiication fox

legionsg which vary so much in site and length.
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On the baslis of the foregoling clessification,
it is therefore posslible to claseplfy most of the 295

ccelugione in the followlng groups g~

TYLE OF OCCLUSION. NUMBER OF OCCLUSTONES .

Long superficial femoral occlusion = 50
Long femovo-popliteal u “n 42
fotal femoro-popliteal " - 2
Low popliteal “ - 21
Total popliteal # -~ 6
Short Popliteal o s 20
Short Adductor it - 106

TOTAL 253

This classiflcstion sccounts for 253/295
(86%) of the occlusions of the femoral and popliteal
arteries producing cleudication. The types of occlusion

desceribed are indicated diagrammatically in Fig.lo2,
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DPHE COLLATERAL CLRCULATION TN OCCLUSIONS OF THE WEMORAL

AND POPLITEAL ARTERIBES .

The collatersl circulation in occlusions of
the femoral and popliteal srteries depends on the
anastomnotic vessels supplied from {the profunda femoris
artery and on the collateral vessels which arise fyom
the main sriery proximal and distal to the occluded

Bagment.

1. The Profunde Yemorls Artery.

As the common femoral artery is seldom
ogcluded and the profunda femoris is rarely affected by
atherosclerosis, this pathway is of psramount importance
to the circulaiion of the occluded 1limb. As the profunda
femoris descends in the thigh, it gives off numerous
muscular branches and also perforating branches which
pass bto the back of the thigh. The pevforating braenches
angavonose freely with each other end form connechbioans
with the ofuciate snastomosls above and with the
geniculayr and sural branches of the popliteal srtery
below.

In the series of 528 arteriograms in 264
clavdicating patients there were no ccclusions of the

profunda femoris artery salthough occlusion hag
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oceasionelly been seen in patients with gangrene.
Lindbom (1950} found 4 occlusions of the profundas femoris
in 108 limbs showing occlusion and this incidence, which
is highey than in the present serieg, is probably due to
.the variety of material he included in his survey.
Similerly, Haimoviel, Shspiro and Jacobson (1960)
reported occlusion of the profunda femoris and noted
that it was commoner in diebetic than in non-diabetic
patients. Singer (1963) in a study of arterial calibre
found the profunde srtery to be esgentislly normsl in
72%~of cases.

Fig.4l shows & profunda femoris artery which
brahches as 1t descends, the main stem becoming
progressively smaller, and the branches appear to be
directed towards the msin cheannel. From this figure, it
ig possible to understaund that the further an occlugion
extends downwards Lfrom the common femoral junctlon, the
fewer and smaller are the collateral vessels aveilable
from the profunda Ho reconstitute the main vessel.

It is possible to illustrate the importence
of the lower level of occlusion in diagram form (Fig.l103%)
where the more disgtal leslon is seen to make contact with
fewer and smaller branches of the profunda femoris.

As a corollsry to this, the proximal level of

ccelusion is of less lmportance than the distal except
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where large collateral vessels are derived from the
upper unoccluded segment as in short adductor occlusions
(Pig.29). One might therefore expect some correlation
between the distal level of occlusion and the patient's
claudication distance, hut this has not been found.

The richness of the collateral supply
through the profunda femoris depends to some extent on
the age of the patient. In a 'young' patient (i.e. under
50 years), the profunda femoris may hypertrophy to a
remarkable degree (Fig.c3) and produce an abundant
network of efficient collaterals. This vesgsel is in mark-
agd contraest to the relatively small profunds visualised
in the normal arteriogram {(Flg.20). Mavor (1952) noted
e similar hypertrophy of the profunds Lfemoris in &
young men of 33 years who had a long femovo-~popliteal
geclusion which he believed to have been caused by
trauna. In elderly patients, the profunda femorls is less
able to respond to occlusion of the superficlal femoral
artery and, when it also is luvolved by aetheroscleroslis
ag in Fig.73, viability of the 1limb may be endangered.

The nunerous branches of the profunda take
part in & number of important anasiomoses. The laterael
clrcumflex branch takes part In the impovtant cruciate
anastonceals at the grest trochanter but also forms

anastomoses through ite numerous musculay branches snd
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the artery to vastue lateralis (Fig.78). This brauch
sccompanies the nerve to the same muscle and, because of
its length, snastomoses wilith the muscular branches of
the lower part of the superficial femoral artery and with
branches of the poplitesal artery. The medial circumilex
artery enastomoses principally with the obturator artery
and ite greatest importence ls in external ilisc ox
common femoral occlusion (Fig,9%). The perforating
bhranches of the profunds are not readlly recognised in
the ordinary A~-F view of the arterviogram but they are of
great lmpovtance in the supply of blood to the lower leg
in femoro-poplitesal occlusion.

Although the profundsa sriery ls important in
all occluaions in the thigh it de of paramount importance
in long superflcisl femoral, long femoro-popliteal, and
total femoro-popliteal occclusions as it is the only
mgjor collateral derived from the main ertery above the

occlusiocne.

short Adducitor Qcclusions.

These are the commonest of a8ll femoro-
popliteal occlusions snd the cause of thely relative
shortness ie the abundant supply of collatersl vessels
at this level (FPig.64).

Although the snasgtomotic supply derived from
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the profuada femoryis is importent, the most important
anastbomosis in this type of oecclusion is that whiech
cceureg between the limlting and re-entrant collaterals

(P1g.29) .

shoxrt Popliteal Occlusiong.

These occlusions also tend to be short
because of the number of collateral vessels available,
and the efficiency of the collatersl circulation to a
large extent depends on the anastomoses developed
between the limiting snd re-—entrant collaterals (Figs.76,

TT) s

Low Popliteal OQcclusiong.

These axve limited above by the sural vegsels
and the tiblal arterles sxye reconstituted at or below
the level of the popliteal bifurcation (Figs.58, 68).
These lesione are found to respond well to sympathetic
block and Flg.l04 shows the remarkable number of
collateral channels which can develop in this type of

occlusion.

Total Popliteal Oecclusions.

This type of occclusion eliminates the sural

collatersals and also those derived from the medial and
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lateral geniculsr arterlies (Fig.64Y). The maln proximel
collateral is the descending genicular artery and its
saphenous branch. In some cases (Fig.l0%), the saphencus
artery moy enlarge sufficlently as to produce a

palpable pulse on the medial slde of the lknee.

The efficlency of the collateral circulation
in total popliteal cceclusion is poor and reconstliution
of the main artery s often ebsent on the arteriogran
(I"g.69) . Gangrene is likely to develop and arterial
gurgery isg ineffectlve because there ig no adequaie
patent distal artery to which av arverial graflt can be

anastomosad «
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De OCCLUSTONS O MMl TLEIBIAL AND PERONEAL ABTLRIES .

In the 528 arteriograms studied, the arteries
of the lower leg showed evidence of occlusion in 241
{(45.7%) « These occlusions may themselves produce symptoms
but, in mest cases, thelir importance lies in their
assocliation with femoro-popliteal occclusion and in the

effects of the combined lesions.

in the 528 arteriogramns,

T4(24%) showed no evidence of occlusion or narrowing.

213(40.%%) showed a Ffemoro-popliteal ocelusion alone
(inecipient lesions being included.)

167(51.6%) showed a femoro-popliteal lesion with
assoeiated lower leg occlusion.

T4(14%) wshowed & lover leg occlusion only.

The roatio of sole femoro=-popliteal to sole
lower leg occlusion is 213/74 suggesting that femoro-
popliteal occlusion ig approximaiely 3 times move
frequently the initial leslion then tiblsal occlusion,

This 3/1 ratio may not be a true one because
femoro=popliteal occlusiomg produce glowing of the distal
cgirculation and s0 may predispose o thromboasis of

diseapsed tibial arteries. The reverse is unlikely 1o be
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true Le.e. lower leg occluslion is unlikely ©to produce
gsecondery femoro-poplitesl pcelusion. Henee, in the

167 with combined occluslonsg, the tlblisl occluslon may
gsometimes be a secondary phenomenon and the initial
lesion may have been in the femorsl and popliteal
arteries. For this reason, the true ratic of the initial
site of thrombosis may be greater than 3/l in favour of
femoro-popliteal occlusions.

On the other hand, if inciplient femoro-
poplitesl lesiong are ignored, the grouping becomes -

116 showed no evidence of occlusion.

171 had femoro-popliteal occlusion ouly.

107 had femoro-popliteal and tibial occlusion.
and 134 had tibial occlusion only.

On this bhasis, the ratio of sole femoro-
popliteal to sole tibial ocolusion is 17L/134 suggesting
that lower leg oecclusions are nearly as common ap
femovo-~popliteal occlusions,

The 528 arteriograms were analysed to
determine the relative frequency and the pattern of
occclugion of the snterior tibial, posterior tibial and
peroneal arteries.

In lower leg occlusions there are seven
possible combinations, i.e., occlusion of one artery

(three types), occlusion of two arteries - (three
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combinations) and occlusion of all three vessels. These
seven combinations are tabulated lun Table 4 1o show the

relative frequency of the variocuws types of occlusion.

Loble 4 -
Occlusion of the Tiblial aud Peroneal Artericn.
Type of Number of % of Incidence
Occlusion. Ocelusions., Lower Leg in Series
Occlusions. (% of 528).
Post Tibial ~ 97 4042 184
Ant.Tibial - 54 22 4 10.2
Peroneal - 7 249 1.3
Ant./Post Tiblal - 46 19,1 8.7
Poatfdio./Peroneal -~ 22 9,1 44l
AntTib./Peroncal -~ 3 Le2 0.6
AN /PG, /Peronenl - 12 % o QO 2%
Total 241 99 . 9% 45 « 6%

In considering the frequency of the various
lesions recorded in this table it must be remembered
that these patients were suffering from intermittent
claudication only, and thet patients with incipient ox
egtablished gangrene are not included. If the latter
were included, the frequency and severity of occlusions
in the lower leg would be much higher.

From this table, it is seen that the common

types of occlusion in the lower leg are isolated
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posterior tibial occluslions, isolated anterior tihial
occlugions, snd & combined occluslon of the anterior

and posterior tibiasl srteries. These three groups
comprise 82.7% of the occlusions found. When only one
vesgel is ocecluded it is found thaet there is a ratio of
posterior tibial/anterior tibiel/peroncal of 97/54/7,
indicating that, when only one artery is occluded,
occlusions of the posterior tibial are the most common
and that peroneal occlusion alone is unususl. Thls ratio
approxinates to 14 ¢ 8 ¢ 1.

When one considers occlusions of the three
arteries, elther slone or in combination, there were
177 posterior tibial, 115 anterior tibiasl, and 44
peroneal occlusions. This gives a ratio of 4/2.5/)1 and
shows that peronesl occluslions are not necessarily rare,
although they sare uncommoh aé isolated lesions. This
ratio differs Lfrom that found by Lindbom {(1950) which
wes 8/4/1 in a total of 147 occlusions, but confirme
the relative frequency of occlusion of the three
arteries.

The reason for the higher inecidence of
peroneal occlugions in combination is thaeit many of them
are secondary to occlusion of the main stem of the
posterior tibial artery or to lesions of the posterior

tiblal bifurcation.
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Because the anterior biblal and peroneal
srteries 4o not share a common stem, & combined ogcluvsion

of both arteries is uncommon - % in this series.

fyrom Lable 4 (p.173), it can be seen thatl
54.4% of all arteriogramns showed no lower leg occlusion g
29,9 had occlusion of one lower leg vessel §; 1%.4¢ had
occlusion of two lower leg vessels ;3 and only 2.% had
ceelusion of all three lower leg vesssls.

Gomparable figures ave few bt Linton and
Darling (1962) reported occlusion of two lower leg
vessels in 22% of 76 patliente operated on for
clavdlcation and Taylor (1962) showed that the incidence
of lower leg occluslon waes high in patients opervated on
for gangrenc. He found that 24% of 51 patients hed no
lower leg occlusion 3 3% hed occlusion of two lower
leg vessels 3 and 417 had ocelusion of all three lover

leg veszels in mome part of thelr course.
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1. QCCLUSTIONS OF THI POSTERIOR TIBIAL ARTERY.

The posterior tiblal artery commences at the
bifuvrecation of the popliteal artery into anterior and
posterior tibial erteries at a level which is varilable
but is usually about 5-6 cms. below the knee joimt. It
vesses down the beck of the leg deep to the
gastroenenmius and soleus muacles and gives off muscular
branches to these and to the other muscles of the
positerior compartment of the leg. It becomes relatively
superficial at the snkle where it lies behlind the medial
malleolus and passes into the sole of the foot to divide
into the plantar arteries. Shortly after it takes origin
from the popliteal artery 1t gilves off & large branch -
the peroneal artery. This artvery may be as large as the
posterior tiblal artery and, in some cases, it may even
appeaxr to be the logical continuation of the posterior
tibial artery (1'ig.25).

In describing arteriograms, éonfusion may
arlege concerning the two parts of the posterior tibial
artery i.e. the maln 'stemn' from the popliteal
bifurcation to the origin of the peroneal branch, and
the posterior tibial ertery proper from this level to
its division into the plantar sriteries. A.K.Henry (1945)

has rightly condemned current anatomical nomenclature
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and pointe out that the anterior tibial artery is merely
& lateral branch arising from & main stem which ig
contvinued down to the juncition of positerior tibisl snd
peroneal arteries. He prefers French Nomenclsasture which
describes the poplitesnl artery as extending to the
dlvergence of anterior and posterior tiblal arteries; the
main 'stem' of the posterior tibial artery as the 'tibio~
peroneal trunk'; and the site of origin of the peroneal
artery as the 'tibio-peroneal fork?.

This has proved to be a little clumsy to use
and it has been more convenient to degeribe the first
part of +the posterior tiblal artery before it gives off
the peroneal artery as the 'sten’ of the posterior tibial
artery, to describe the site of origin of the peroneal
artery as the ‘'posterior tibisl bifurcation?, and to
consider the artery from the origin of the peronesl
branch to the sole of the foot as the 'posterior tibial

artery propert.

There were L7T7 occlusions of the posterior
tibial srtery. These are illustrated in 1"ig.l06 where
they have veen grouped into 11 different patterns, the
relative frequency of these being indicated by the
numbers below each disgram.

By far the commonest type 1l an occclusion of
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the posterior tibial srtery throughout ite length from
the posterior tiblal bifurcation downwards (Fig.76).
This accounts for 81l (45.8%) of the 177 occlusions.

Qeclusion of the egtem alone, in whole or in
part, occurred in 20 cages and in 19 others the stem and
ariery were occluded from the popliteal bvifurcation to
the ankle (Fig.107).

Although wost posterlor tiblial occluslons
are complete there ls sometimes a sufficlient blood flow
through collatersl vessels derived from the peroneal
artery to reconsitltute the posterior tibisl artery just
above the level of the enkle joint. This +type of
ocelusion was present in 11l cases and is illustrated in
Fig.1l08.

Pinally, in 46 cases only a portion of the
vesgel was obliterated. In the majority (41) the proximal
pert of the artery was patent but it diminished in sige
ag 1t descended and petered out &% different levels
(Pige109). In some of these lesions, calcification wae
found in the lower pari of the vessel but gross
galeification as Allustrated in Fig.l08 was rare.

From arteriographic evideuncey, it is not
possible 4o deduce the site of origin of these occlusions
as was possible in femoro-popliteal occlusions, but it

geens possible that some of them arise from
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atherosclerotic lesions at the popliteal or posterior
tibial bifurcations similar to those illustraied in
Pige.57. Lindbom (1950) showsd that in his materisl the
highest incidence of occlusion in the posterior tiblal
artery was distal, and it ié therefore probable thet
many occluglions commence distally as in Flg.l09. On the
whole, the development of eollateral vessels followlng
ocelusion of the posterdor tibial artery is poor and for
this reason, occlusion is likely to become complete,

The peucity of collatersl vessels may be due o the
Lfrequency with which gross atherosclerotic changes affect

the whole length of the veassel,

Although an isolated posterior tibial
occlusion was the commonest type of lower leg occlusion
and ocowrred in 97 legs (Yable 4, p.173), it is
frequently sssoclated with either sn incipient or
egtablished femoro-popliteal occluslon, In such cases,
the combined effect of the two lesions is llable to

produce a grester dlsabliliity than either oecclusion alone.

Another lesion with which posterior +tibial
cecluslon is often assoclated ls sn oocclusion of the
anterior tibial artery - 46 cases (Fig.l9). This type of

combined occlusion was found to be bilateral in 1l cases
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so that these 11 patients with bilatersal symmetrical
anterior and posterior tibial occlusions account for 22
of the 46 arteriograms in which thils lesion wae found.
In these lesions, the peroneal srtery is the socle source
of blood supply to the foot snd Dible (1956) described
this type of lesilon as 'pervoneal leg' (Fig.ll8). In his
material, which was derived from limbs amputeted for
gangrene, he found a 'peroneal leg' in %8% of cases.

The incidence in the preseni series of claudicating
patients ls only 8.7% (46/528), a further indication that
lower leg ocoluslon is less extensive in cleudlcatbing

patients then in thosgse sulfering from gangrens.

There were only 3 cases in which the
posterior tiblal artery was the sole patent artery in the
lower leg (Fig.ll0), the enterior tibial and peroneal
vessels belng occluded. Where two of the lower leg
vessels are occluded and the third remains the mole
supply to the lower leg, thé relatlve frequency of the
vesgels remaining patent is postverior tibial 3, anterior
tibial 22 and peroneal 46. The high incidence of occlusion
in the posterior tibial arivery asnd the low inecidence of
sole patency confirms tha® atherosclerosise affects the
posterior tibial aritery more severely than the other two

lower leg vessels (Dible, 1956).
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Although the posterior tibial artery has
such & close relationship to The muecles of the posterior
compaxrtment of the lower leg, occlusion may be
symptomless in many cases. Where the patieant hes a
femoro=popliteal aud posterior tibial occlusion in one
leg, and o solitary posterior tibiel occlusion in the
other, the latter is usually sympitomless, the patient
complaining of unillateral claudication only. Similarly,
17 he has a femoro-popliieal occlumion fv one leg and a
posterior tiblal occlusion in the other, the latiter is
sgain usually sympitomless, because the affect of the
 femoro-popliteal occlusion in producing clasudication ie
the greater.

The probable resson for this is that the
hranches to the gastrocuemiug and soleus mugcles arise
priveipally from the popliteal artery and occlusion
proximal to bthe orligin of these sural arteries gives
more severe claudicatlion than when only the posterlor
tibial is occluded.

Onie aspect whieh it has not been possible to
gdetermine in this survey of arteriograms ls the amite of
pain in the calf muscles in velation o the type of
legion present. The gastrocnemius end soleus museles are
gupplied from the sural vessels arising from the

popliteal artery above the level of the knee Jjoint and



the lower parts of both muscles are supplied from the
posterior tiblial and pevoneal arterles. One might expect
that calf clsudication in femoro-~popliteal occlusion
vould be felt prineipally in the upper part of the calf
where the muscle bulk is greatewst, and that patients with
posterior tibiel occlusion only would experience paln in
the lower part of the calf l1.e. in the soleus nuscle.
Subsequent observation has shown this to be substantially
correct and cealfl claudication can to a large extent be
differentiated into two types - upper end lower -«

although the latiter is relatively uncommon.
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2. OQCCLUSIONS OF THL ANTERTIOR TIBIAY, ARTERY.

The snterior tibial srtery commences at the
popliteal bifurcation and passes Lorwards sbove the
interosseus membrane to reach the aunterior compartment
of the leg. It lies deeply 1n the anterior compasriment
but becomes more superiliclal as the muscles becone
tendinous and &t the front of the sukle it lies latersal
to the tendon of Extensor Hallucis Longus.

Occlusion ol the anterior tibial artery is
less common than occlusion of the posterior tibial
ayrtery, either as the sole lower leg lesion (AT:PT:354:97)
or with regaerd to the total number of occluslons
(APsP¥s115:177). (Table 4, pel73). A Tolatively large
number, however, are bilateral either as the sole lower
leg lesion or in combination with other lower leg
occlusions. In L0 patients, bilateral anterior tibial
occlusion ogourred as the sole lesion and, in 21 patients,
occluglion was bilateral in combinetion with occlusions
of the posterior itiblal or pevronecal arteries. Anterior
tibial occlusion was therefore bilateral in 3L patients
accounting for 62 or rather more than half of the totel
115 occlusions.

It is pometimes difficult to determine the

exeact pettern of occluslon of the vessel becauvse in the
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A=P view of the arterlogram, the shadow of the vessel
may be superimposed on the cortex of the tibia and
difficult to distinguish (Fig.109). In most occlusions
the vessel terminatee after a short course (Fig.ll0) at
or near the upper level of the interoszseus membrane
which may be related to its occlusion in a manney similay
to the relation of the adductor tendon to femoral
occlusion. Incipient lesions are rarely seen at thip
site but Plg.lll illustrates an anterior tiblal artery
with an ares of narrvowing about 2 cme. from its origin.
Measurement on film of the distance bhetween
the orligin of the artery and the site of occlusgion was
undertaken and the results are shown in Table 5.(p.18%)
Precige comparison of distances 1s not posdSsible bscause
the artery takes origin from the front of the popliteal
artery {Henry, 1945) and passes forwards. Hence the
image on an A~ film dis a foreshoritened reproduction
whoge length on film is of necessity less than thet in

reality.
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Table 5 2=
Ocglumions of the Anterior Tiblal Artery -
length of patent vessel measured on film from the Qrigin.

Distence of Qcelusion No. of
from Origin, Ocelusions.
0 (i.e. Tobal Anterior Wibial - 39
Qcclusion) .

1 cm. - 10

2 cmso. - %6

% omB. - 14

5 cnge. - 8
10 cmg. - A
Occlusion at the ankle jolat. - 2
Occlusion of mid=portion. - 1
Ocelusion of the upper segment with - 1

ragonstitution Lower down.

Totel - 115

oy

Complete occlusion of the vessel was present
in %9 cases (33.9%) i.e. 1/3 of the oeclusions recorded,
in some of these, oceclusion was secondary to a popliteal
ocelusion and there was no evidence of reconstiitution.
Thias, however, sccounis for only & few of the 59
occlusions as the anterior tiblal artery is usually
recountituted by flow through its recurrent brench
{I'ig+.58) when the lower segment of the popliteal artery

ig occluded. Most of these complete occlusions ocecurred
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where the popliteal arvery and posterior tibial sitoem
were patent, and they probasbly oviginate Lirom the type
of lesion illustrated in Flg.57 vhere the origin of the
vessel is narrowed by an atherosclerobic plague.

The comumonest anterdor tlibial occlusion ls
that iu which the vessel has a short patent segment and
1s occluded after a short course (Fig.ll0). In 60
ceclusions, the vessel appeared (o be patent for a
digtance of l-% cms8., oxl the ariteriogram.

Otheyr types oif occlusion are relatlively
uwncommoxn (Table 5, p.l85).

Anterior tibisl occlusions are usually
symptomless and it is rere for a petient to experience
pnterior tibial claudicaition. This is uvsually due to the
presence of femoyo-popliteal or pesterior tiblal
occlugilons in the same or the opposite leg producing
calf claudication. Because the calf nmuscles have &
greater work load in walking vhen the enterioxr tibial
mugcles, anterlior tibial claudication is masked.
Oceasionally, a patieni with & unllateral or hilateral
snterior tiblal occlusion as the sole lesion will
experience anterior tiblal claudlcation, and there was
one patient wlth bilateral anterior tibial claundicetlon
in the series.

In 22 cases (9.1% of arteriogramg showing
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lower leg occluslon}, the enterior tibial ertery was
the sole charnel of blood flow to the foot. In such
capes, the posterior Htiblal and peroneal avteries are
ogcluded (PFig.l07) and the foot is supplied through
the malleolar and metvatarsal anastomoses of the

anterior tibial artery.
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3. QCOCLUSIONS OF Tl PERONEAL ARTERY,

The peroneal artery commences in the
posterior comparitment of the leg where 1t takes origin
from the posterior tibial artery. In many ceses 1t is
the larger of the two vessels and is & more logical
continuation of the main vessel than the posterior
tibial ertery (Pig.2%). 45 Lt descends, it deviates
laterslly to the back of the lateral nalleolus where 1t
anastomoses with the posterior tibial artery through
malleolar branches and gives off a perforating peroncal
branch between the melleoli which becomes superiicial
in front of the lateral malleolus and anastomoses with
the melleolaxr branches of the anterior tibial artery.
In some cases of antverior tibial occlusion, the
perforating peroneal axrtery may hypertrophy end
puleation can be felt in front of the lateral malleolus.

The peronsal artery was occluded in 44
arteriograms but occlusion of the artery alone is a
rare occurrence (Table 4, p.17%). This was present in
only 7 arteriograme (L.3% of all avteriograme or 2.9%
of lower leg occlusions), and in only 3 of these was 1t
the sole lesion in the leg the other 4 being associasted

with femoro-poplitesl occlusion.
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In the majority (3%4), there was an
agsociated occlusion of the posbterior tibial artery
and in % cases there wag associated occlusion of the
anterior tibial artery. Peroneal occlusion, therefore,
is usuaslly associated with posterior tibial occlusion
and as the latter is by far the commonest solltary
lesion, it is reasonable to assume that the peroneal
occlusion is secondary to the posterior tibial
occluslon., I'ven where peronesl occlusion occcurs alone,
it probebly originetes from a plegus st the posterlior
tibial bifurcaticn {Fig.57).

In 33 of the 44 cases, the peroneal aritery
wag completely occcluded. In 7, the peronesl artery
petered out and was occluded in ite lower half and in
4 the proximsl half of the artery was occluded with
reconatitution of the lower half.

In many ways, the peroneal artery is to the
lower leg what the profunds femoris artery is to the
thigh, yet the analogy is not exact. Lesions of the
profunda artery are rare whereas perocneal occlusions do
pceur. The relative freedom from occlusion of the
peroneal arbtery is probably due to its deep course in
which it is protected by muscles, and it is therefore
less liable to stress and strain in the same way as the

profunds femoris is protected by the thigh muscles.
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Occlusion of the artery would be even more infrequent
1f it were not involved by primary posterior tibial

occelusion producing secondary peroneg) occlusion.

LI T T . Eo e los e
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Collatersl Circulabion in Lower Leg Qcclusionse.

The anastomotic links between the three
lowver leg vessels are not good except at the ankle and
foot. Bach vessel may receive imporitant collaterals in
low popliteal occlusions,; the posterior tiblial srtery
being reconstituted by the sephenous or sural arteries,
and the aonterior tibial artery through anastomosis via
its recurvent artery. On the whole, collateral vesmsels
arising from the lower leg arteries are small and
infrequent and oceclusion is therefore liable to be
complete. The ankle enastomoses are relatively poor,
although it hes been found difficult to study the
detaile of this region when the method of arieriography
uged is constructed 80 aB to demonsitrate femoro~
popliteal occlusions. In some cases, however, the
snastomosis hetween the arieries at the ankle is
sufficlent to reconstitute the distal portion of an

ocoeluded vessel (Iig.l08).
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CHAPTIR NINI.

THE SYMMETRY OF ARTERIAL OCCLUSION.

bvidence as to the symmetry, or otherwise,
of atherosclerotic lesions in the lower limb is
conflicting. Dible (1956) found four cases in which the
lower leg occlusions were remarkably symmetrical
although such findings may be due to the coincidental
occurrence of common lesions. Rodda (195%) examined
both legs in 10 aumtopsy specimens sud concluded that
the degree of intvimal disease in both legs was simllax
but that the digtribution ﬁas not symmetrical.
Lindbom (1950) examined the arteriogrems of 17 patients
with occlusion in one leg, and found that intimal
thickening wes most marked at corresponding levels in
the other leg in 15 of these and in his bilateral
antopsy studies considered that the extent and degree
of intimal thickening and of calcification showed a
definite symmetry. In established occlusions, however,
he found thaet thigh occlusions were more common on the
left side and that lower leg occlusions were more
common on the right side. Both observations were
statistically significant (P < 0.02) and he was unable
to offer any explanation.

When viewed from & clinlcal standpoint,



=194

symmetry appears unlikely as intermittent claudication
is most commonly unilateral and, when it is bhileteral,
one leg is ususlly more severely affected than the
other. Similarly, gengrene is usuelly unilateral.

Only occasionally doeé the second leg become gangrenous
and even theu it rarely doea so at the same time.

In the present study, symmetrical inciplent
or established occluslons have been found with
sgufficient freguency as to suggest that symmetry may be
more common then expeected. Some of the observations can
be explained on the basis of the coincidental
cccurrence of common lesions as, for example, in Mig.32
where symmetrlcal incipient lesions are present in the
commonest site of all, the adductor canal. Fig.lo4,
on the other hand, illustrates bilateral low popliteal
occlusions whose symmetry includes the pattern of

distribution of the collateral vesselsS.

A number of cases have been seen in which
arteriograms of both legs of a patient show virtually
i1dentical lesions in respect of the site of occlusion
and the pattern of the collateral circulation. Symmetry
i more likely to be noticed when hilatersl femorsal
arteriography is routine than when only the

clandlcating leg 18 x-rayed and the small number of
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pilateral studlies in the literature may cexplain the
lack of refervences to symmetrical occlusions.

Mlg.lle illustrates bilateral total
popliteal occlusions of similaxr lengths cach having a
lavge collateral of similar appearasnce leaving the main
vegsel proximal to the occlusion. Plg.70 also shows g
roughly symmeirical pattern especlally with regard to
the developing collateral circulation. Fig.ll% shows
symuetrical occlusion of all three lower leg vesmsgels
below the popliteal bifurcation with reconsiitution of
the peronesl vessel and Plg.ll4 also shows a strikingly
symmetrical patitern. From these examples and others notb
iAllustrated, there scems no doubt that symmetricsl
lesions do occury although it is difficult to estimate
their fregquency.

Symmetsry is seldom found in the sovitogram
in caseg of aorto-iliac occlusion. Lesions may be
pregent in both common ilisc arteries but one side is
usually more severely affected than the other (Fig.5).
At opersation, however, Lt is oflen found that the
distribution of atherosclerotic lesions is similar on
both sides.

Although i1t 1s possible to cite examples
of symmetrical lesions, one cennot asgume Ifrom such

evidence that most leslions are symmetrical.
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However, the evidence in favour of symmnetry becones
more provocabtive when one cousiders that lesions may be
symmetrical in origin but not necessarily simultaensous
in time l.e. leesions in the two legs may develop ab
simileary sites but, for local reasons, the one leg l1ls
more advanced than the other.

When a patlient presents with unilatersal
intermittent claudicatlion there is frequently en
established ccclusion in one laeg snd stherosclerotic
changes withouv oecluslion in the other. In such & case,
the leslong may have been origiually symmetrical buil
when the patient is seen asymmetry has arisen. At a
later date, the unoccluded leg may progress to occlusion
and, provided the other leg has not deteriorated, the
ceclusiong may then appear symmetrical.

Fig.l1l5 shows symmetricel femoro-popliteal
occlusions which occurred et different times, the left
in 1959 and the right in 1960. The occlusions are now
symmetrical but between 1959 and 1960 there would be no
evidence of symmeiry as only one femoral artery was

ocoluded,

Alternatively, the first leg may progress
to further occlusion while the second leg remaing at an

garlier stage.
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A.Bsy & man of 56 years, was meen in 1958
when he complained of bilsteral claudication of € months
duration., Both Ifemoral pulses were normal butbt the dlistal
pulses were absent on both sides. Shortly after his
first visit he developed regt pain in the left footv and
sympathectomy falled to give reliel. Gangrene developed
and below knee amputation of +this leg vwas requirved.
Although the clinical results in the two legs are
digesimilar, the original femoral arteriograms (Fig.llo)
show symmetrical changes. It is probable that he
initially had bilateral superificial femorsl occlusions
and, at a later date, developed an occlusion of the
left popliteal ariory leading to gaangrene and

amputation.

Again, there may be symmnetrical femoro-
popliteal occlusiong but the occurrence of @ severe
lower leg lesion on one side may produvce clinicsl
agynmetey .

Peloy & man of 69 years, developed lefs
sided claudicetion in 1456 following coronary artery
thronbosis, When £irvset seen in 1959 he had rest paln
in the leflt foot and subsequently developed gangrene
and required smpuitetion. At no tlme had he complained

of his wvight leg dut arviteriography showed that he had
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symnetricel femoro-popliteal occlusions (Fig.1lLl7).
The greater severity of symptoms in the left leg was
due to the presence of left anterior and posterior
tibial occlusions (Fig.ll8)., In this case, therefore,
symmetry could not be suspected from his clinical
symptoms butl the pattern of occlusion in the thighs

was similear.

From the above examples, therefore; 1t is
posalble that the pattern of atherosclerotie lesiong
and arterial occlusion is freguently symmetrical butb
the rate of progression in each leg mey be different,
Le@. lesions mey be symmetrical but not necesssrily

synchronoug.
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CHAPTER TLY.

MULTIPLE ARTERIAL OCCLUSION.

When occlusion develops at one level in the
arterial tree, the blood flow dlistal to the occlugicn
is reduced and, 1f the collateral circulastion is poor,
extension of the original occlusion maey occur. On the
other hand, there may be severe nsrrowing of the vessel
distal to the occlumion and the consequent slowing of
the circulebtion may precipitate thrombosis at the distal
site, thus producing swo separate occlusionsg with a
patent portion of the main vessel between, Multiple
occluslon may also develop when theve 1s an established
occlusion and thrombosle takes place at & second more
proximel site. The severity of the symptoms experienced
by the petient will, of course, be greater than with a
solltary lesion eand gangrenous change ls therefore more
common in multiple ocelusions.

The two arterial lesions de not necessarily
need to be actual occlusions as the combination of &
narrowed secgment at one part snd an occlusion elsevhere

will lead to more severe sympbtoms then either alone.

J«Pey & diabetic of 47 years was first seen

in 1958 when he complained of bilatersl eclaudication
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mnovre wevers in the left leg, The only actual occlusions
were right enteriocr tibilal/peroneal and left anterior
tibial occlusions (Fig.l20). However, there was
narrowing of the left femoral artery due to an
atherosclerotic plaque (Fig.ll9) and it appears that
the additive effect of the two lesiouns in the left leg
was responsible for the more severe claudiocation in

thip lege.

Conmmon examples of multiple occlusion in
the same leg are the combination of femoro-popliteal
and tibial occlusion and the combination of aorio-ilisc

and femoro-popliteal occlusion.

COMBINED ¥UMORO~POPLITWAL AND TIBIAT OCCLUSTONS.

In the series of 528 arteriograms studied,
167 had a femoro—-popllteal lesion with associated
occlusion of one or morve of the vessels of the lower
leg. 60 of these were inclplent lesiouns and there were
only 107 (20%) arteriograms in which there was an
actual femoro-popliteal ocelugion with smsociated
lower leg occlusion. In 8 arteriograms there was &
double Ilemoro-popliteal occluslon with associasted lower
leg occlusion.

In the majority of cases, only one lowver
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leg artery was occluded and this wes usually the
posterior tibial artery. In none of these claudlicating
patients wes & femoro-popliteal occlusion assoclated
with occlusion of all three lower leg arteries, and it
1s presumed that such a combinetion would lead
inevitably to gengrenous chenge.

The combination of a femoro-popliteal with
a2 tiblal occlusion ims not necessarily serious because
where one or more of the lower leg arteries remains
unoceluded there is a patent main chaunel from the knee
%o the foot and the arterisl tree is completely
interrupted at only one level i.e. at the femoro-.

popliteal ocelusion.

COMBINED AORTO~LLIAC AND FEMORO-~-POPLIELHAY, OGCLUSION.

The combination of an sorto-iliac with a
femoro=-popliteal occlusilion is potentizlly more gserious
than a femoro-popliteal/tibial combination, becaouse
the main artverial flow ig interrupted at two places
and the blood flow to the foot ls diverted twice into
collatersl veesels. This combinaition may therefore
produce gangrene, aspeclilslly in the elderly patient
whome collatoral circulation is relatively inefficient.

in the series of 90 aortograms studied, the

femoral aund popliteal arteries were shown to be patent
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in 5% (59%). Femoro-popliteal patency in other L£ive
patients with sortic occlusion could nov be demonstrated
by eoxrtography but can reasonably be assumed besause
aortic and femoro=poplitesl ccclusion combined would
almost certainly lead to gangrene. If this assumption

is correct, the distal patency rate would be 04.4%.

The high petency rate of the distal
arteries in sovto-illac occlusion was first noted by
De Bakey and his colleagues (1958). Shepherd and Warren
{1960) reported a femoro-popliteal patency rate of 59.6%
in 52 cases operated on and Singer (1963) found thet
the femoral srteries were occluded in 25% of patients
with asorto-iliasc lemlons whersas 64% of femoral
srteries were occluded in those who had no sorto-iliac
occlusion. The low incidence of femoro=popliteal
occlusion in patients with aorto-iliac occlusion is
probably due to the protective effect of the lowered
distsl arterial pressure (Singer, 1963).

Anelysis of the 90 aortograms shows that
femoro-popliteal patency varies according to the type
of aortvo-iliac occluslon present. The patency rate is
high in aortic and common iliac occlusiong end low in
external illiac, combined iliac and common femorsl

ocelusions.
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The incidence of proven patency of the
FPemoral aad Poplitveal Arteries in 90 cases of Aorto-
Ilisac Occlusion causing Intermitient Clauwdication.

Site of Occlusioxn. Number of Femoro-rPopliteal
Cages, Patenecy.
hAorta 9 4 (44.4%)
Aortlic Bifurcation 18 15 (83.%%)
Gommon Ilise Stenosis 19 15 (79.0%)
Common. Ilisc Occlunion 13 9 (69.2%)
External Iliac Qcelusion 12 4 (3343%)
sombined Iliasc Occlusions 8 4 (50.0%)
Others 4 1 (25.0%)
Common Femoral Occluslon 7 L (14.3%)
Potal, 90 53 (59%)

Cxa T
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CHAPTER BLUVEN.

CLINICAL ASPECUS OF INILRMITYENT CLAUDICATION.
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CHAPTER ELEVEN.

CLINICAL ASPECYLS 0P INTERMITTENT CLAUDICATION.

Intermltitent clandication in the lower
limb may affect any growup of muscles 1o which the
arterial inflow is reduced. It 1o most commonly felt
in the calf muscles because of the frequent occurrence
of femoro-popliteal cccluslions and becauge the call
muscles periorm the greatest amount of work duriung
wallking.

Pain nmay be experlenced in other muscle
groups concurrvenitly with calf pain where these muscles
have o deficlent arterial supply e.g. the thigh
muscles in aorto=llisc occlusion, the small muscles of
the foot in tibilal oy plantar occlusionsg.

In other cases, the main artsrlial flow is
not reduced and claudication develops in muscle groups
affected by occclusion of lateral chanmels e.g. buttock
claundicaetion in internal iliac occlusion, anterior
tibisal pain in enterior tlbial ocecclusion.

The rate of onset of pain depends on the
sige of the deficit in srterlal supply to the muscles
end on the amount of work they are required to wvwnder-
take. The dlptance a patlent can wallk before

experiencing peln ls thevefore verieble and depends on
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the speed at which he walks and whetheyr the ground is
level, uphill, or downhill. Hillested (1963) found
experimentally that the most iwmporivant Lectore
influencing the claudication distence were the rate of
walking and the welght carried hy & patient.

Boyd (1949) attempted to claseify
intermittent claudication into three types s=

Grafe L - & cramp which does not foree the
patient to 2v0p mad which can be walked off.

Grade 2 ~ a clauddcation distance of
50 feet or more.

Grade % - & ¢lavdicatlon disteance of less
than 50 feet.

Mot patients rall into class 2 and the
eclagsification has not been generally adopted.

Internititent clandlecation is almosd
invariably due to atheroselevotlic occluglon of & major
prbtery end the arverial deficlt depsnds on the site and
extent of occlusion snd on the efficiency of the
collateral clrculation developed round the occluded
segunent., The development of occlusion and the degree
of arterial Insufficiency are alfected by various
factors such as age, sex, dlabetes mellitus, cardiac
insufficiency, ansemis, hyperiension and, pcossibly

smoking.
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Ao ASSOCIATED FACTORS LN INTLEMITTENT CLAUDICATION,

Lo ARG

Atherosclerotic arterial occluslion in the
lower limb is uwncommon below the age of 40 (fig.lal)
and becomes increasingly common in older patients.
Rodda (195%) found & 40% incidence of arterial occlusion
in the limbs of non-ischaemlc patients over 60 years of
age examined at post-mortem. Occlusion was mulitiple in
14% of patients and Lindbom (1950) also commented on
the multifocal nature of oceluslon in ischaemic patientes
over 60 years.

When the age of onset of symptoms is
consldered in decades,; the largest group of patiente
with intermittent claudication is sged 50-60 (IFig.1l21),
& finding which accords with thet of Taylor and Calo
(1962) . In ¥Fig.l2l, the percentage distribution by age
groups of 67 patients with aorto-~iliac occlusion and
305 patients with femoro-popliteal or tibial oceclusion
examined between 1957 end 1960 hes been charted. The
mean age of the two groups is 5%.0 years and 57.5 years
respectively. Patlients with aorto-iliac occlusion tend
to be younger and thils group accounted for %0% of the
patients uander 50 years although Forming only 18% of

the total numbeyr of patlenits. This tendency to an
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garlier age of onset for sorto~iliac occlusion favours
2 high operability rate in these lesions which are
technically easier to deal with than femoro-popliteal

oceclusions.

In the 264 patients who uaderwent bilateral
femoral arteriography, an analysis of the incidence of
occlusion in relation to sge has been underitaken,

In this group; the mean mge alt onset of
synptoms was 58.6 years. There wag no significant
difference in the age diﬁtribution in three groups of
patients s- 80 patients with bilateral cleudication -
mean H8.6 years § 94 with right sided claudicetion -
5848 years § and 90 with left sided claudication -

58.6 yesrs. The distribution of sges within these three
groups was also simlilar.

The youngest patient was 27 yearn old and
the oldest 81l years old. Almost half (46.2%) were
between 55 and 64 years (inclusive) and 16% were below
50 years of age.

To Ffacllitete analysis of the effeet of
age on the incldence of occlusion, three age groups of
reasonable slze were consldered :— 8) less than 54
years; b) 55 to 64 years; and c¢) over 65 years.

The incidence of occlusion in the symptomless leg of
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patients with unllatersl clauvdication, the incidence

of tibial occlusion in the claudicating leg of patients
with unilateral cleuwdication, and the incidence of
tibial occlusion in patients with bilsteral
claudication weve analysed with respect to these three

2ge ETOURH.

fable 1 3~

The incidence of arterial occlusion in the
sympbtomless leg of 184 patients with unilateral
claudication, snalysed with respect to age.

Age Group Number in Number with

Years. Group . Qcclusion.t Incidencs %.
¢ 5a. - 51 - 25 - 49

55~=64 - 91 - 24 - 59.3

65 + - 42 - 35 - 78,6

TOTAL - 184 - 12 - 60.9

+ This column includes 20 inciplent femoro-popliteal
Qeclusions.,

In the sympbomlesg leg of 184 patlente
with unilatersl claudlcatlion, the incldence of occlusgion
was 60.9%. This rose steeply with increasing age end in

elderly patients it approached 80% (78.6%).
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Table 8 i~

The inclidence of tibisl occlusion in the
claundicating leg of 184 patlients with unilasteral
clandication analysed with respect to age.

Age Group Number in Number of Incidence %
Years. GFroup. Tibial Occlusions.

< 54 - 51 - 13 - 25.5
55--04. - 9l = 55 ~ 3845

65 + - 42 o 29 - 09.0
TOTAL - 184 -~ 17 -  41.8

The incidence of t1lbial occlusion in the
claudicating leg of these patients slso shows a rise

with age and is 69% in the oldest group.
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Poble 9 -

The incidence of tibial occlusion in 80
patients with bilateral claudication analysed with
reapeet to age.

Age Group Number in Number of Number of

Years. Group. Legr, Tibial Incidence %.
Occlusionsg.,

< 54 - 24 - 48 - 22 - 48.8

55m064 - 38 - 70 - 31 - 48.7

65 + - 18 - %6 e 29 - 80.06

TOTAL - 80 - 160 - 88 - 55

The incidence of tibial occlusgion in
patients with bilateral claundication also increases
with age although there is no difference hetween the
flret two age groups. The incidence in patients over
65 years is high - 80.6% « and, indeed, 88.9% of
patlients in this age group had a tibial occlusion in
one or both legs iL.e. only 11.1% of these elderly

patients hed no tiblal occlusion in elther leg.

In the three factors anslysed, the inecldence
of arterial occlusion rose steeply with age as found by
Lindbom (1950) and Rodde (1953) in eutopsy studies.

This high incidence of lesions indicates the widespread
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nature of the arterial changes and would suggest thab
few elderly patients are really suitable for major

BUTEETY

2. Sex Incidence.

Intermittent claudication is approximately
6 times commoner in men than in women (Hines and Barker,
1940) . This sex incidence is largely unexplained bub
there le evilidence 10 suggest that ocestrogen may preventy
the -full development of atheroma and thus exert a
protecvive effect in women. Experimentally, cockerels
in whom atheroms has been indueced by & high cholesterol
diet show some regression when oestrogen is also given
(Pick and Colleagues, 195%2) end women who have under-
gone bhilateral adrenaleetcmy and oophorectomny for
breast caxcinome have a significantly greater ineidence
of atherosclerosis than normal women (Rivin and
Dimitroff, 1953%) . he use of oestrogen in treatment,

howaver, has proved dissppointing.

3. Digbeten Mellltus.

This condition is associated with hyper~
gholesterolsemia snd patlents sre known to have a
higher incidence of atheromatous lesiong and to develop

these at an earlier age. Hines and Barker (1940)
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recorded an incidence of 20.%% for all types of
iechaemie but three-~guarters of thely patiente with
diabetes mellitus were sulfering from gangrene. The
importence of the assococlation bhetween diasbetesn mellitus
and goangrene is uwndoubted but the incidence of diabetes
in patients with claudication is velatively Llow.

0f the 264 men with femoro-poplitesal
occlusion and claudiocation, only 12 (4.5%) had dishetesn
mellitus and Bloor (1961) quotes an incidence of 4% in
the 1476 cases of intermittent cleudicatlion he snelysed.
Alvhough vhe dncidence of dliabetes mellitus in patieants
with intermittent claudlicetion 1s low, urine testing
for glycosuria should be & routine in patiente with

srterisl Glsease.

4., Cerdlac Insufficlency.

Although avterial occlusion la the
prineipal cause of the arterial deficii; the blood flow
to clsudicating muscles may also be affected by cardiac
insuificiency which produces & lowering of arterlal
pressure and reduces the rate of input to the leg.
Cardisc inpufflcleney is inporient in seversal ways.

The onset of claudication may result from
the development of a moderate degree of congestive

cardlac fallure. In such cases, the periphersl pulses



d].He

nay be readily palpable snd atherosclerotic changes
without occluslion are found on arteriography. In these
cases, intermittent claudicatlion is due to & poor
cardiac output and it le sometimes possible 4o improve
the clendication by treatment of the cardisc condition.

The importance'of cardiac insufficlency is
also seen in the ascubte cardiac lncident (e.g. coronary
artery thrombomia)o If there is & pre-~existing avterial
oeclugion in & limb and the arterial pressure falls
drastically, on scute deficiency in the arterial flow
to the foot may occur and the patient willldevelop a
cold, pale, painful limb similer to thet found in
emholusg. With improvement in the cardiac condition,
recovery of the 1limb is possible.

Gardlisc insufficlency is important for a
third reason. Those who develop acubte cardiac
Insufficiency due to coronary artery thrombosis or
congeative fallure sre confined to bed. The blood
pressure falls and, while in bed,; the clrculatory rate
ir slowed. Conditions are then sultable for the
developnent of thrombosis, which may, of course, be
venous but,; where the ariteriel systom is already
effected by atherosclerosis, arterial occlusion is
possible. This may be aufficigntly extensive ap 1o

precipitate gangrene but, 1f not, the patient experiences
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no symptoms until his convalescence when he finds that
ne has developed lntermittent claudication. Many
patients, therefore, give a history of a cardisc
incident or other illness enforecing & period of bed
rest immediately prior to the onset of sympioms..
Becauge of this 1liability to thromboslies in bed, it is
wire to encouraege mobility of the claudilicator when he
is 1ll.

Angina of effort is a symptom of reduced

goronery artery blood flow to the heart muscle and is
analogous to intermitient clawdication. It 1s an
indlcation of generalised diaeaﬁe and although both
angina and claudication may be experienced by the
patient at approximately the same distance, one tende
to compel the patient to halt before the other is
experienced. Where bobth are present, it ls undesirable
aad poasibly dangerous t0 improve a patlent's
celandication distance when angina will not allow the

patient to walk any further.

In patients with cardiac insufficlency,
therefore, a careful assessment of the clinical staie
is necessary bvefore trestment ls underitaken. Sympltons
of cardisc decompensation, severe dyspnoea on exertion,

oy severe angineg of effort preclude treatment of the
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clandication and treatment shouwld be directed towards
improving the cardiace condition. As the carvdiac state
inproves, improvement in cleudication may result.

A moderate degree of cardiac Insufficiency,
previous coronary thrombosis or electrocardliographic
changes do nov preclude the use of simple methods of
treatment such ag phenol sympathetic block, and need
not necessarily be a conitra-indication %o direct surgery
on the femoral and popliteal arteries where the
operative risk is low. Phey may, however, contro-
indicate operation for aorto-ilise occlusion where the

operatlve ripk is higher,

5+ Anaemia.

The preseunce of ansemisa reduces the oxygen—
carrying capaclity ol the avellable blood flow and may
reduce the distence 8 claudicalting patient can wallk.

It ie, however, ravely the cause of symptoms (Allen,
Barker end Hines, 1955). Only one case of intermittent

claudication due to ansemia hasg been encounteired.

deMey & man of 59 years, was seen in 1958
when he complained of right sided claudication at 100
yards distance of 6 months duration. Both femoral

rulses were normal but a8 poor lefv dorsslis pedls pulse
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was the only distal pulse palpsble. He was believed to
have bilateral femoral oc¢clusions but arteriography
showed atherosclerosis without occluaion in either lege.
His haemoglobin was 8.2 (¢/100ml. which was Ffound %o be
due $o0 an iron deficiency ansemis. Oral iron produced

a rapld improvement and when his haemoglobin returned
to normal he was able to walk as for es he wished. When
last seen in 1961, he wes in excellent health and had

had no further claudication.

Tuntermittent claudication due to snaemisa
alone is uncommon, but Pickering end Wayne (1934)
demeribed the occurrence of clawvdication in seven ous
of 25 greossly snaemic patients whose haenmogloblin level
wag less then 50% normal and in whom erverial occlusion
wad absent. Claudication was abolished in six of the
seven patients by treatment of the anaemia.

Although esnsenmie is rarely the cause of
intermittent claudication, it ls likely to accentuste
8 patlent's disability end routine estimstion of
haemoglobin should be undertaken in patients with

intermittent claudication.

6. Hypertonsion.

Hypertension is a relatlvely common finding
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in patients with atherosclerotic arterial occlusion
(Hines and Barker, 1940 ; Singer and Rob, 1960). In the
264 men with Lfemoro-popliteal occlusion, 58 (22%) were
found to have a raised blood pressure of 160/100 m.m.
Heo or more. Bronte-Stewart and Heptinstall (1954)
showed that hypertension accelerated the rate of onset
and severity of atherona in the szorta of cholesterol-
fed rabbite, and it is likely that bhypertension
increascs the severity of atherosclerosis in man.
Richards (1957) has shown that hypertension is important
in prognosis bhecause hyperitensive patients with arterial
occlusion in the lower limb had a poorer expectation of

1life than those without hypertension.

1. swoklng.

Although smoking has been incriminated agp a
poasible setiological Tactor iun the developnment of lung
cancer and is usually accepfed as an important
aetiological fachor in Buerger's disease, 1litltle has
been sald with regard to ltes association with
atherosclerotic occlusion in the limbs,

Patients who attend peripheral vasculary
clinics are almost invseriably smokers and, in the 264
men with fenmoro-popliteal occlusion, only one was a

non-gnoker. Juergens, Barker and Hines (1960) found
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that only 2.5% of 401 patients were non-pmokers.
Although the significance of such figures iz a8 yeb
unproved, Juergens, Barker and Hines found that 11l.4%
of those who continued to smoke developed gangrene and
required amputation, whereas no patient who stopped
smoking required subaequant smputation.,

Whether or not smoking is of aetiologlcal
sglignificance, there is no doubt that nicotine is a
potent vaso-constrictor and is best evoided. Patlients
with severe ischeemla should he strongly adviged to
gtop and at the same tlme should be warned {to avoid
putting on welght which is the usual seguel to the
cessation of smoking.

Many petients, however, are unable to stop
and must be regarded as compulsive smokers. It is not
uncommon to see patients with a gangrenous limbh puffing
contentedly at & cigaretie which is contracting the

vemaining collateral vessels.
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Be THL PATTEEN OF THE FERIPHDRAL PULSES.

In the examination of petients with
arterial occlusion, pelpation of the peripheral pulses
is espentlial for the confirmation of the diagnosis and
asgessment of the level of occlusilon. Accuracy in
glucidation of thelr pattern is of great importance and
certain variations and fallacles must be noted.

Fulses may be really palpable at certain
times and apparently ebsent at other times. They are
most readlly felt during veso-~dilatation but on & cold
day may sometimes become impalpable.

When it is difficult to decide whether s
pulse is present or not the pulse should be checked
agalnst the radlal pulse to ascertsin that the two are
synchronous and that the observer is not feeling
pulsation arising in the tip of his own finger.

Ludbrook, Clarke, and McKenzie (1962) stress
that observer serror occurs even with skilled clinicians
and concluded that 1f three independent obmervers were
unable to detect the posterior tiblial pulse there was a
high degree of probability that an abnormelity was
present. Absence of the posterior tibial pulse is
regarded o8 & signiflcent finding indicating probable

srterial occlusion and they found this pulse to be
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mormally" absent in only 0.2% of petients under 20
years of ageo

Absence of the dorsalis pedis pulse, on the
other haad, may not necessarily be sighificant.
Ludbrook and his collesgues were unable %o palpate this
pulse in 8.7% of normal patients under 20 yecars of age
although the proportion of "normally' absent pulses
rose in older patients. In some cases, there is
hypertrophy of the periorating braench of the peroneal
artery wiith palpable pulsatlion in front of the lateral
malleolus but ludbrook, Clarke and McKenzile noted this
in only 20» of the patients in whom the dorsalis pedis
pulne was absent.

The four pulses normally examined asre the
femoral in the groin, the poplitesl in the popliteal
foosa, the posterior tiblel behind the medial malleolus,

and the dorsalis pedis on the dorsum of the foot.

The Femoral Pulsce.

The femoral pulse is the most easglly felt
end the most important because examination of both
femoral pulses permits a clinicel differentiation of
the two maln groups of occlusion - acrto~llisc and
femoro-popliteal.

A normal femoral pulse indicates the absence
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of sericous aortic or illac disease although it does not
exclude nmild proximal narrowing or internal illae
occlusion. Occasionally, the femoral pulse is normal in
volume but on compression & thrill is fellt which may be
due to proximal narvowling of the ilisc arteries. In
such ceses a8 brult may be audible with the stelthoscope.

A weak femorel pulse indicates the presence
of proximel narrowing in the aorta, common, or external
iliac erteries or & short occlusion with a good
collateral circulation.

An ebsent femoral pulse indicates proximal
arterial occlusion., 1If one femoral pulse is normel and
the othey is absent, the occlusion is uanilateral.
Unilsteral absence of the femoral pulse can be agsumed
to be caused by common ilisc occlusion until proved
otherwise, becasuse common iliac leslons are commoner
than those in the external iliac artery (Table 2, p.l32).

When both femoral pulses are absent, it can
be inferred that aortic occlusion is present as
bilateral illac lesliong rarely glve absence of both
pulses. The level to whlch acortic occlusion has spread
cannot be determined clinicelly end aortography will be
required to demonstrate the level of occlusion.

The absence of one femorsal pulse and

weakness of the obther uwsually ilndicates an aortic
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bifurcation lesion with unequal involvement of the
common iliac arteries, bubt may also be present in
bilateral common iliac lesions arising in the common
iliac artery iteself.

When both femoral pulses are weak i1 may
ressonably be assumed that there is an soritic
bifurcation lesion producing bilsteral narrowing of the
orifices of the common iliac arteries. Some diffliculty
in cliniceal dlagnoesis may arige when both femoral
pulses are reduced in volume to a equal degree, ag the
reduction may b@ glight and it may then be difficult

to distinguish pulsation from normal.

The Distal Pulses.

In charting the pulses, it ls customary to
uge & simple table such as the follewing which may be

constructed horigontally ox vertically.

PULSES .
Femoral Popliteal Posterior Dorsalis
Pibial Pedis
Right Leg §- + + + o+
Left Leg s~ “+ + e -

+ indlcates & pulse of normal volume.
+ indicstes diminished pulsation.
indicates an absent pulse.
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This chart is usuwally contracted to s~

1"0 Fe }?cﬂ}v De.lf‘o
Ho o + o+ .z +

j;‘ e -+ |- o o

]

and by constent usage in bthe same sequence it can be
contracted to + 4 + the right leg always being
..;,. -?. e

wors

‘}.
placed abvove the left and the posterior tiblal preceding

the dorasallis peldls.

When the femoral pulse ig normal, the
different patterns found, their frequency and
significence ave ap follows g-

+ + 4 -+ ¢ The finding of four rormal pulses indlcates
the pregence of patent avterial chamnels from sorte to
the ankle. The pessibility of narrowing due to plague
Tovmation in the adductor region or elsewhere is not
excluded by this finding snd such lesions mey progress
in time to complete occlusion. In patients with
uwnllateral claudicatlon the presence of normal pulses
in the symptomless leg may lead to the erroneous
conclusion that thls leg is free of dipease wheress the
artery may be narrowed slithough not yet occcluded.

If the patient has four palpable pulses in
the leg yet experiences claudication in the calf, the

pogslbillty of cardiac insufficlency or anasemis must be
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suspected and excluded by appropriaste investlgation.

It is also possible for the patient with
normal pulses To have clauvdication in the muscles of
the foot due $0 plentar artery occlusion. This is rare
but it hes been seen on two occasions, and can glve rise

to difficulty in diagnosis,

C.T., 8ged 67 yoars was seen in 1962 vhen
he complained of pains in both feet on walking 200-300
yerds. The pain appesred Lo develop sarliery when
walking uphill and was relieved by vrest. All pulses
were present in both legs end the feet were warm and
well coloured with no pallor on elevation. As the pain
appeared 4o be 8 typical oclaudication, possibly due to
plantar erbery occcluslion, bllsterel sympathetic bloek
was performed with excellent temperature responses but
with relatively Llittle alleviation of claudication.
Arvteriography was consra-~indlicated by age and fitness
and doubt arose as to the diagnosls. However, the
development of a right femoro~poplitesl occlusion 3%
months later appeared to conflym the initial c¢linical
dlagnosia.

The doubits experienced in diagnosis and the
difficulty of sdequate demonsiration of plantar

occlusion by arterlography indicate that one must be



prepared Lo accepht & typlcal history even where normal

pulses axe present,

+ = = « 3 Thig 1s the commonest pulse poittern Ffound in
patients with intermittent claundication. It was present
in 248 legs (47% of 528 legs of 264 patients with
ccelusion below the common femoral aritery), and was
blilateral in %2 patients. 38 of the 80 patients with
bilateral claudication showed this pabtitern in both legs.
(Table 10).

Tablg 10 s«

the frequency distribution of the various
pulse patterns found in femoro-popliteal and tibial
ocelusion,

Bilateral Unilateral Claudication

Clandicetion 184 patients,

80 patienta.
Pulse Claudicating Symptomless
Pattern. Leg. Leg.

Totols,
Py o k8 9 6 (4 92
o 918?1 ; 137 514. ) 20 248
e Bil.)

I T 22 32 87
bk e 8 5 5 9 19
P oo 3 14 6 59 29
b o= 4+ + 8 % 2 0 5
IR % 6 5 14
e 2 0 2 4
Totals 3 160 184 184 528
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This pulse pettern usually indicates
occluagion of the femoral and/or popliteal arteries.
It does not necessarily indicate an extensive occlusion
or one with poor collatersl vessels as it occurs with
most short occlusions. Lt may alwo be present where the
artery is narrowed but not occluded, especially in

elderly patients,.

+ 4+ = « 3 Thiag patternn wos the second commonest
abnormal paittern found (Table 10, p.227). It usually
indicates the presence of o low popliteal occlusion ayg
or below the level of the knee Jjolnt or the presence of
combined anterior and posterdor tTiblal occlusions in
the lower leg. 1t was occasionally found in association
with a short or 'ineciplent! femoro-popliteal occlusion.
This pattern was occasionally found in
patlents with no lesion in the arteriogram or ivn elderly
patients, and may be due o diffuee tiblal

atherogclerosis in these patients or to observer error.
+ 4+ =~ + ¢ This paitern occurred in 19 legs and wan
usually due to the presence of an isolated posterior

tihial occlusion.

+ ++ 4+ = 3 This was present in 59 legs and in many
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cenes indicated an isolated anterior tibiel occlusion.
However, it was also found when the patient had sn
apperently intact antevior tibiel artery on the
arteriogrem. The presence of this pattern in so meny
cages may be due to the vessel expending ite resources
in the malleolay anagtomoses leaving & small impalpable

dorsalig pedis aviery.

4+ « 4+ 4+ § These three corbinatlons are uncommoi

4 = 4+ = 3 (Table 10, p.227). They may be associated

g

g
-
1]

with short superficisl femoral occlusions
and, in the latter two, additional aunterior or posterior
tiviel occlusion. On Yvhe other hend, the apparent
sbeence of the popliteal pulse may be in many cases an
ohgerver eryor and the true record would be + + + -+,

S I S PR = ¢ 14 S S

In the clessification in Table 10, no
account has veen vaken of dimlinished veolume of pulsation
and c¢ach pulse has beon recorded as elther present or
absent. Diminution of the disgtval pulses is Lroquently
recorded and usually indicetes the presence of o short
gcolusion with exeellent collateral vessels lying
betweon the diminished pulse and the more proximal normal

pulee, or the presence of sn incliplent occlualon with



narrowing of the artery. The return of weal pulsation
in a vessel distal to sn occlusion may elso be noted
following & successful sympathectomy or phenol
sympabhetic block and 1s frequently associsted with

marked sympbtomatic ilmprovement.

Simple palpation of tbthe pulses can therefore
provide importent information which will confirm the
diagnémia of arierial oceclusion, differentiale aorto-
iliasc from femoro-popliteal occlusion, and possidly
indicate the site of arterial ooccluslon.

Fhere is however, & limit to the deduetions
whitich can be drawn from the pulse paittern wlth reference
o the site of occlusion. The unpper level of occlusion
can be assumed o he distal Ho the lowest normel pulse
but where both femorasl pulses are absent as in sortic
pcelusion no conclusion ag to the upper Llimit of spread
can bhe reachod other than that 1t must lie helow the
renal arverios. The pulse patiern also gives no
information as to the lower level of en ocelusion or to
bthe presence o0f aseoclaved occlusions.

Artericgraphy is therefore necessary 1o
delineate the extent of the prinocipal lesion and to

raveal the presence of other aossociabted occlusions.
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Co ANALYSiS OF PEMORO=-POPLITEAT AND RIBIAL OCCLUSIONS

IN REDATION TO SYMPTOMS.

In the series of 2064 pati@nts.with occlusion
below the common femoral artery, 80 (30.3%) presented
with symptoms of bilateral claundication, 94 (35.6%)
with clandication of the right leg and 90 (34.1%) with
cleudicaticn of the left leg. The three grouns, thefefore
are comprised of approximately egqual numbers.

The femoro-popllteal occlusions were
subdivided into 'inclpient' ocelusions - those in vhich
severe narrowiﬁg of the artery was present ; 'short!
femoro-popliteal oceluslions measuring 10 ems. or less
‘long' femoro-poplitesl occlusions measuring over 10 cns.
in length § and ‘'double' femoro-popliteal occlusions
where {two separate occlusionse of the femoral and
popliteal arteries were present. In r@edrding legions
0of the tibisl vessgels, only actual occlusions have been
noted and narrowing of the tilbial or peroneal vessels

has been ignored in this analysis.

BLLATERAL CLAUDICATION.

In the 80 patients (160 legs) with bilaterel
claudication, two legs were found to have no occlusion.

This suggests that these two patients should really be
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clapged as cases of unilatersl claudication although
the patients were adamant that sympltoms were hilateral.
Incipient, short and long femoro=-popliteal

occlusions weve @dmost equally represented (Table 11).

Table L1 3=

The distribution of types of occlusion in
relation to symptoms in 264 patlients undergoing
bilateral femoral arteriography. The figures in brackets
refer o the numbeyr of lower leg occluslions apsociated
with the various types of femoro-popliteal occlusion.

Unillatersl Claudication Bilatersl

184 Patieals. Claudication.

type of Occlugion'claudicating Symptomless 80 Patlients-

Leg. Tege. 160 Legs.
No Qcclusion 0 12 2
Incipient 22(11) 42(27) 43(32)
Femoro=Poplitesal
Short B81(25) 8{(4) 48(19)
Femoro-Yoplitesal
Long 55(24) 15(8) 44.(19)
Temoro-~Popliteal
Double 16e(7) 0 6(1)
Femnoro-~rPopliteal
Tibial 10(10) 47(47) 17(17)
Total 184077 184(76) 160(88)

The incidence oif conocurrent tibisl occlusion
is over 50% (88/160) and is very high in those with
inclipient occlusion (3%2/43) - nearly 75%, This is probably
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because incliplent femoro-popliteal occclusion withoutb
tibial occlusion tends t0 be masked by ocecluslon in the
other leg and the patient would then complain of

unilateral, not bilatersl, claudication,

It i of interest that the six patlents with
a double femoro-=popliteal occlusion were all under 65
years of age, and those patients with long occlusions
and assoclated occlusion of two lower leg arterles were
aleo under 65 years of age. This suggesis that double
femoro-popllteal occlusion snd the combination of a
long femoro-popliteal occlusion wlith occlusion of two
lower leg avterics ere serloug lespions in elderly
patients which are not associated with claundlication

hecause they are liasble to produce gangrene.

UNILATERAL CLAUDICATION .

In unllateral claudication, arterial
occlusion 1ls frequently bilateral. Only T2 of 184
patients were withoult evidence of lesione ia the
symptomless leg (Pable 11, p.232), and 112 patients,
therefore, had a femoro~popliteal or tiblial occlusion
in the symptomless leg. Irregulerity of arterial out-
line due to atherosclerosis wes evident in those

without occlusion.
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it must be presumed that clsudication was
unilateral in these 112 patiente because ol the masking
effect of & nmore severe lesion in the claudicating leg
which forced the patient to halt before symptoms could
develop in the leas severely affected leg.

The common typese of occlusion in the
claundicating leg were short femoro-poplitesl occclusions -
(81/184) -~ 44%, end long Femoro-popliteal occlusions
(55/184) - 50%. These two types accounted for
approximately 75% of the leslons producing unilateral
claudication.

In the symptomless leg, the common lesions
were lower leg occlusion - 47 cases (206%), and incipient
Ffemoro~popliteal occlusion - 42 cases (2%%).

The incidence of lower leg occlusions in the
two legse is approximately the same - 77/184 in the
claudicating leg and 76/184 in the symptomless leg.

It is surprising to find +that the inecidence of tibial
occlusion in the symptomless leg is as high as thet of
the claudicating leg.,

What is aleo surpyleing is that the incidence
of lower leg occlusion assoclated with femoro-poplitesl
o¢clusion is approximatvely 50% for all types of
occlusion except short occlusions where the incldence ls

only 25/8L = 3%1%. Such & high incidence suggests that
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tibial ocelusion in patients with intermitvent
claundication ig more common than 1s usually believed

10 be the casge.
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Do B8IUE OF OCCLUSION.

One of the interesting observations made by
Lindbom (195Q) was that thigh occlusion was commoner in
the left leg than the right and that lower leg occlusilon
wee commoner in the right lower leg then the left.
He found a statistical difference (P < 0.02) in favour
of the left thigh and the right lower leg, but was
unable to offer any explanation.

In the present material (264 cases) no
such difference was found, the femoro-popliteal
occlusions being divided as to 135 Bight and 1%8 Left
and the lower leg occlusions 118 Right and 128 Left.
Where a double femoro-popliteal ooclusion was present,
this has been counted as & single lesion for +this
analysis and incipient lesions have been excluded.
These figures indicate a slight preponderance in favour
of the left thigh and left lower leg but in neither is
the difference significant. This suggests that Lindbom's

wag an unususl chence finding.
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Be. RULATIONSHTP BEPWEBN LITHE OF OCCLUSION AND

GLAUDICATTON DISTANCE.

The clinical impreasion has been formed
that some relationship exists between the site of
occlusion and the inltlial claundication distance l.e.
patients with minor occlusions had a relatively slight
handicap and patients with long or multliple occlusions
could only wselk & shord dlistence.

The 264 patients with ocoluﬁion helow the
common femoral artery were snalysed. Those with
bilateral claudlcation were excluded because of
difficulty in enalysis, and the petlients with unilateral
claudication due to femoro-popliteal occlusions only
{il.e. thoss with associated lower leg occlusion were
execluded) were subdivided according to the length and
site of occclusion. There were 10% of thesmc patients
and a further exclusion of 11 elderly patients was made.

In these 92 patients, no correlation could
be found between the claudication distance snd the
lavel of occlusion. These 92 patients were compared
with the 62 patienta of similar age in whom femoroe-
popliteal end tibial cocclusion was present snd there
wag no evidence of any significent difference between

the claudication dlstances of the two groups.
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In go fer as the reflex veso~dilation test
ié g measure of the collatorel cireulation available in
each patient and an index of the tempersture improvement
obtainable by sympsthectomy, attempts were made Lo
corzelate the initisl clauwdication distance with the
reflex vaso-dilation test and also to correlate the
improvement in claudication distsnce obtained by phenol
sympathetic block with the reflex vaso-~dilation test.
¥o correlsiion was found in eithewr.

The absence of correlation between these
verious entitlies iﬁ probably becauwse the claudlcation
distence of each patient is subject to the effects of
meany fectors and no consistent patitern ocours.
Hillestad (1963) was unable to show any correlation
batween the bhlood supply to the calf muscles {(measured
by the plethysmogrsph) and the walking distance. He
also compared the walking distence on o treadmill uandex
gtandard conditions and Jound & great variation in the

wallting capacity of petlents tested on puccessive daye.

Wo inference as to the severity of the
1e®ibn is theyefore posslble from consideratlon of the
cleoudlcation distance alone. Although it is true that
potients with sortic occlusion, severe multiple

ocelusion, or ischaemia verglug on gengrene have a
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reatricted walking distence of 50 yaords or so, 1%
cannot bhe assumed that patients with & claudication
distance of 50 yards have a serious occlusiong because,
in practice, many have velatlvely short occlusions with,
apparently, & good collateral supply.

On the other hand, it dig possible to assunme
thet pationts with & mild disahility (i.e. claudication
distance of ¥ mlle or more) are likely to have a short
occluslion with good collaterals or have narrowing of

the vessel only.
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CHAPTER TWELVE .

TREATMENT OF INTERMITTENT CLAUDICATION.
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CHAPTER TWHhLVE,

TREATMENY OF INTERMITIRNT CLAUDICATTON,

Although intermittent claudlcation is
readily diagnosed becsuse of its typical relationshlp
to exercise, it is only s symptom and clinical evidence
of arterial occlusion must be sought by exeminatlion of
the pulses.

The presence of normal arterial pulsation
makes the diagnosis doubitful and in such cases,
intervertebral disc and spinal lesions, osteo-arthritis
of kunee oxr hip, prostatic carcinoma, foot strain and
mugcle fears must be considered a8 possible causes of
symptoms. The possibllity of cerdiac insufficiency ox
anaemia must also be considered.

When peripheral pulsation is sbsent at one
or more of the usual sites, arterial occlusilon can be
confidently disgnosed and inference may be made as to
the site of ocelusion. When arterial occlusion is
present, this may be assumed to be due to atherosclerosis
except in the young adultv where Buerger's disease may
ccagsionally be the cause.

As bthere is no good evidence that
atherosclerosis itself can be prevented or made o

regress by dietary messures or drugs, btreatment must be
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directed to decaling with the effecte of the arterial

0CCliA8ion.,

In general, treatment may be congidered as
A. Medical - the prescription of general advice or drugs
$o alleviate symptoms or

Be Surgical - direct measures to deal with the arterial

ocelusion iteelfl or indirect measures to improve the

patient's walking ashility.

Ae MEDICAJL PRIABMISNT .

L. General Messures.

The patient should be reassured that the
condition is not necessarily serious bub that he must
learn to sccommodate to the disabllity imposed. He
ghould be advised to walk more slowly as he will then
be able to walk further hefore helting, and shonld
attempt to lead as normal & life as possible because
neither rest nor excessive exercise will prove
beneficial,

He should be advised to stop smoking as
this has an undesirable vaso-consirictor effect. At the
same time, he should be warned that cessation of smoking
ig liable o cause him to put on weight and that an

incerease in welight is highly undesirable., If he is
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already overwelight, as meny arve, welght wreductlion
should be most strongly urged.

He should be advised about cere of the feet
as there is always a possgibility of deterioration to
gangrene, They should be kept clean and dry by washing
and powdering and he should wear warm clobhing, wara
socks and loosely fitting shoes (preferably fleecy-lined
in winter). Traume of any kind must be avoided and he
should not walk or stand in & crowd orxr cut his toe-nails
t00 closely. Avoildance of excessive cold or heat ls
also desirable.

Diabetes Mellitus, if present, must ve
vigorously treaved as inadequate treatment may lead to

deterioratione.

2. Drugs.

The drugs which produce dilatation of the
periphersl blood vessels produce their effects either
by an action on the autbonomic nervous aystem or by a
direct action on the smooth muscle of the walls of the
blood vessels,

The vaso--Gilator drugs acting on the
auvonomic nervous system may act centrally on the gonglis
or peripherally at the nerve endlings in the arteries.

The ganglion blocking drugs which act centrally (e.g.
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hexamethonium and pentolinium) and interrupt the
vago-constrictor lmpulses in the ganglia produce a
| marked fall in systemic blood pressure and have too
many side-effects to permit their use as therapeutic
agents. The adrenerglc blocking agents, (e.g. Tolazoline)
sct peripherally and interfere with the releasse of
adrenallne and noradrenaline at the sgympatheitlc nerve
endings in the arteries. These have thelr greatest eflfect
on vessels with a high degree of adrenergic vaso-
constrictor tone L.e. the cutaneous vessels, and produce
relatively 1little vaso-dilatation of the muscle vemsels.
The second group of drugs produces vaesoO-
dilatation by & dirvect action on the smooth muscle of
the srteries. Two well lInown nmembers of the group are
difficult to sdminister -~ both histamine and papaverine
mist be giveu intra~srterially snd this produces only a
sransient eifect. Papaverine has a linlted use in
arterial spasm found at operation in some cases of trauma.
Other members of this group of drugs are
numerous and ave weld to have a dileting effect on the
artveries ln skeletal muscle on the basgis of experimental
work in animals. These claims have not been established
in man, and Shepherd (1950) was unsble to show any
increase in calfl muscle flow elither al rest or during

excercise after the administration of Padutin.
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In patiente with erterisl ooclusion, there
is no evidence that sustained improvement in sympitoms
can be obtained from the oral sdministration ol vaso~
dilator drugs. Many of these drugs are capable of
producing a genersal vaso--dlilatatlion but none of those
at present available or likely to be introduced in the
future can produce & localised vaso~dilatation in the
ischeaemic limb. Indeed, in many pavients, a fall in
systemic blood pressure follows the administration of
drugs and this leads to reduction in bleood flow in the
place where it is most needed. Gillespie (1959) in
plethysmographic studles with tolazoline (Friscol),
phenoxybenzamine (Dibenyline), chlorpromazine
(Largectil), and promasine considered that they were
useless in the tresatment of ischsemis and that they
were liable to cause a fall in blood flow when given
orglly or intravenocusly.

For these reasons, vaso-dilator drugs have
no wseful therapeutic effect in obliteretive arterial
disearse and nay be regarded as purely s placebo 1o
the patient - and in meny cases 4o the practitioner

2l80.
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B. SURGICAL TREATMLNT .

Becanse the underlying lesion in intermittent
clandication is arterial occlusion involving & ssgment
of the arterial tree, the surgeon is faced with a
challenge +t0 his ingenuity and technical ability, as
removal or bypase of the oceclusion will produce relief
of symptoms.

Martorell (1958) remarked thaet "In the so-
called segmental arteriosclerosis; only the occlusion is
segnental, not the arterioaclefosia”. This is a reminder
that the effects of atherosclerosis on the patient as s
whole must be evelusted before attention is directed to
the technical posgiblility of dealing with the arterial
occlusion itself.

¥rom this point of view, the follow up of
1476 untreated patients with intermittent claudication
carried out by Boyd (1960) snd his colleagues is of
immense value, It had previously been recognised thaet
many patients with claudicetion became sitabllised and
never showed further evidence of deterioration, but this
survey has established data indiceting the degree of
probablility of ceritaln events.

The survivel rate for all patients from the

onset of symptoms was found to be 73.5% at 5 years;
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58.,8% at 10 years; and 22% ab 15 years. 0f those who
@ie, the majority die Irom & vascular cause which is
usually cardiac or cerebral (Richards 1957).

In a recent follow up of patients who had
undergone a selective nerve crush operation (Reid, Watt
and Gray - 1963%) the same observation was made. 0f 24
patients who died, 10 died from covonary sriery
thrombosis, 2 from cardiac failure, and ) from cerebro~-

vagoular disease l.e. H4% died from a vagcular cause.

Table 12 s
Survivel %ime following Selective Nerve

Crush Operation related to Age &t Operstion.

Age Group. < 55 55=59 60+
Sgurvival Time in years. 4.7 5ed %49
VNumber of Petients. f 5 11

It was found that the younger patlents did
not necesssarily have the longest survival time. In this
small group of 24, the date of death was kuown in 23,
When these were divided into age groups of less than
5% years, 55«59 years and 60+ yesrs, it wae found that
the youngest group had & shorter survivel time than the
middle grouyp.

Boyd and Bloor's figures show that within
5 years of the onset of symptoms 26.5%% will have died;

20.%% will have a non-fatal coronary artery thrombosis
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oy cerebro-vascular accident; 20,9% will develop further
thfombosis in either lower limbj snd 7.29% will have
undergone a major amputation. As these various events
wlll frequently occur in the same patbient, there is a
relatively lerge number who remain free of trouble for
at least five years.

It is therefore necessary to assess the
need for surglcal treatment in the individual patient
in the knowledge he may continue to lead a relatively
active life for years but that an uansuccessful surgical
operation maey cause him to lose his llfe or his limb.
In considering the indications for surgery it is also
necessary to consider the results which may be expected
from surglcal treatment, It is in the asgessment of
these factors that the indications for operation tend

to vary, sometimes quite widely, with different surgeons.

Hegonstructlve Arterial Surgery.

The classification of lower leg occlusions
into sortvo-iliac and femoro-popliteal groups becomes

importent when surglcal measures are consldered.

Aorvo-~iliac occlusion affects large vessels
which ave relaivively easy to hendle. The rate of blood
flow is rapid when patency is re-established and this

nilitates ageinst further thrombosls and glves excellent



w24

long term results. Many of the patients are relatively
young with no electrocardiographic abnormalities and
are fit to withstand this major procedure. Lastly, the

msjority of patiente with sorto-ilisc occlusion have
patent distel vessels (page 203) end it ie therefore
frequently possible to vestore patency of the arterial
tree.

Femoro-popliteal occlusions,; on the other
hand, are more common in the 55-64 age group {(Pig.l21l):
are frequently extensive and associated with tibial
ocelusion (Table 11, p.232)3; and the vessels are smaller
in size than the aorta snd ilisc erteries and are
consequently more difficult to handle. Atherosclerotic
changes are often severe and when patency is ree-
establlished the rate of blood flow may be insufficlent
to prevent early or late thromboslis, Although operations
on the femorsl snd poplliteal ariteries have a lower
mortality rate, the lmmediste and long term resulis are

not s#0 satisfactory.

Surglcal Treatment of Aorto-~Iliac Occlusion.

: The methods employed in aorto-iliasc surgery

are either thrombo-endarterectomy or bypass grafting.

|l
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le Thrombo=Imdartercetony.

Thrombo~endarterectony takesn advantage of
the plune of cleavage which exists betweesn the
atheromatous intima and the attenuated medial coat,

A split cen easily he opened up in khis plsne and the
ohatructing material can be freed over long distences.

Pig.B9 ds the sortogram of & patbient with
an inciplent lesion of the right common iliasc artery
(Mg.3%) and patent distal vessels (Pige4). In this case,
the sritery was inclsed longltudinally to above and below
the occlugion, and the atherometous material was stripped
from below upwards (Fig.l22). The crucial stvage is the
digsection of the lower end in which the etheromeious
intima is cut obliguely and at & varieble lavel to avoid
leaving any *step' which could lead to post—operative
intimal dissectlion. This can usually be achieved withoutd
the need foy suburing intims o medisa at the lower level
of disseectlon,.

Meny surgeons prefer thrombo-endarterectomy
to avderial grafting and will carry out this procedure
in alunost all casesn. LHomnetimes, however, it is not
poasible to complete a thrombo-endartersctomy as the
artery may tear al the site of a calcified plaguc where
a plane of cleavage ls absent and one must alweys he

prepared to undertake grofting 1f thise should occur.
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1 nmyself prefer to undertake thrombo~
endartersctony where the affected segment is short and
the rest of the vessel is relatively noymal, snd to
undertake arterial grafting where atherosclerotic changes
are extensive or severe.

Thrombo-endesrterectomy has been performed
in 5 capes of intermittent claudication due to aorto~
iliac oceclusion {(Fig.123). In the second patient operated
on {the lesion illustrated in Fig.8), thrombosis cccurred
in the post-operative period. Apsrt from this case,
operation was successful in the other four with return
of ankle pulses, and all vessels have remained patent
to date.

The atherosclerotic leslions in these patients
were nelvher extensive nor gevere. ALl had patent distal

arteries and thelir ages were 60,44,51,51 and 53 years.

2. Arterial Grafting.

In the surgery of occlusive disesse,
arterectomy, originally developed by Leriche (1937),
hap been abendoned. Arterectomy and end-to-end
anagtomosis of & graft has also been discarded excepb
in abdominal sneurysm, and end-to~end anassomoses are
only performed when the arteriasl lumen is lasrge and

slight stenosls does not matier i.¢. in aortic and
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occesionally in iliac anestomoses., Linton and Menendez
(19%55%), using homografts in the treatment of femoral
occlusions, found that only 8 out of 20 end-to-end
snastomoses were patent at 6 monthe whereas 1% out of

16 bypass homografts were patent. The poor results of
end-to~end anestomosis in the femoral artery are lorgely
due to the inevitable stenosis which results and it is
interesting %o note that Murphy's original illustrations
(1897) show stenosis at the suture line. A pecond cause
of deterioration is the development of further
atherosclerotic changes at or adjacent to the suture
line (8zilegyi, Whitcomb, and Smith, 1956).

Bypass grafting is usually preferred because
a wide anastomosis can be made and collateral vezsgels
are not secrificed by the operstive dissection. Hzilagyl
and his colleagues (1960) have shown in an excellent
experimental study that the optimum ratio of graft to
host artery dlameter is 1.5/1.

The materials avallable for bypass gralting
sre autogenocus saphenous veiln, arterial homograits, and
synthetic prostheses,

Vein grafts are unsuiteble Ffor aorto-iliac
surgery because the high srterial pressures tend to
produce dilatation, end homografts have now been largely

discarded as they ere dlfficult to procure and tend to
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develop aneurysmal dilatation after several years
(frvine, Xenyon, and Stiles, 1963).

Grafite of verious synthetic fibres have
proved satisfactory and Teflon and Deceron are at present
stondard prosthetic materials. Knox (1962), however, has
reported the development of aneurysmal dilatation in a
femoro=popliteal bypass synthetlc graft after 5% years.
This graflt was made of dacron weaved by a taffeta process
and it 1s probable that the Edwards~Tapp crimped grafld
(1955) ig more vesistsni o such changes, although the

idesl synthetic graft has not yet been produced.

Hesults in Aorto=1liac Bursery.

In the surgery of aorto-iliac ccclusion,
success can be achieved in a high proporiion of cases.
Failures undoubtedly occur and can best be claggified ags—

a) besath attributable bto opersation.

b) Iemediate Failure -~ thrombosis occurring before
discharge from hospital.

¢) karly Failure -~ thrombosis ogourring within
1 year of operation.

d) Late Fallure - thrombosis aiter 1 year.

Other incidents such as coronary thrombosig,
cerebro~vascular accidents, or arterial thrombosis

celsewhore In the leg are due to the disease iteself and
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arec not normally regerded as technlical falilures bul they
may nullify eny advantage galned by the operation. In the
gsame way, & completely successiul result with relief of
clavdication cannot always be achieved where the patient
has an assocliated femoro-popliteal occlusion.

The most satisiactory method of presenting
results is probably that wsed by Cockett and Maurice

(1963) and illustrated in Fligs. 123-5,

Lhe operative mortality rate quoted for
sorbo=iliac operstions varies from the 2-=9%% estimated
by Boyd (1960) to the 15.4% weported by Shepherd and
Warren (1960). Szilegyi, Smith and Whitcomb (1960)
veporied o mortality rate of T7.6%, and Cockett and
Mourice (1963) 10%.

Fersonel experience suggests that iV is
more instruciive to classify ithe mortality rate
according to the type of morto~iliac operation performed
as it has been found to vary with {the magnitude of the
procedure undertaker.

The overall mortaelity rate for sorto-ilisc
operations periormed for intermittent claudlication in
the Unit up to the end of 1963 was 10% (4/40). However,
5 thrombo-endariterectomies and 21 unilateral bypass

grafts have been performed without mortality whereas
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4 of the 14 bilateral grafts performed have resulted in
death. Por this reason, it is believed thalt death is
more likely to occur in the more major procedwures
undertaken and that quoted moytality figures for aorio-
iliac surgery may depend to some extent on the type of

gach operation performed.

The causes of death are instructive. The

2und end 3rd patients who had bilateral grafits performed
died in theatre owing to excessive haemorrhage through
the graft. In these patients, all three anastomoses
were completed before the clamps were released and,
since the staged procedure described by Gilllespie and
Dougles (1961) was adopted, no furither mortality Ffrom
graft haemorrhage has occurred.

There were no further deaths for two years,
but, early in 1963, two puccessive psatients undergoing
bifurcation grafts died. One patlent, aged 65 years,
died from ccoronary thrombosis on the 5th dsy, and another
patient, aged 59 years, died from uraemia due to tubular
NeCroslis.

| Subsequent investigation hes shown that
abnormalities of P 002 and plasme bicarbonate develop
poat--operatively although the changes are never so

severe ag following cardiac operations. Preliminary
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ea%imation of uwrinary snd blood urea is now routine and
Mannitel is infused during snd aflter operaivlon 1o
meintain kidney function.

The post-operative course of these patients
is often remerkably smooth and the only common
complication is paralytle ileus whoge incldence is
provortional to the degree ol retro-peritoneal dissgsction

regqulred,

Megs, 124 and 125 show the fate of the
bypass grafts performed. Szilagyi, Smith and Whitcomb,
(1960) have shown that the patency rate of aorito-iliac
bypass grafte does not deteriorate rapidly beyond the
first year and that late fallures are uncommon. In their
cases, the patency rate fell slowly to 60% at 5 yesrs.
PFor this reason, patency rates at one year can usefully
be employed &8 o measure of puccess in aorto-iliac
surgery providedt that these are expressed as a percentage
of those patients submitted 40 operstion. Patency rates
at one year based on the number of grafis patent on
dismissal from hospital are fallacious as deaths and
imnediate faillures are thereby excluded.

Shuckenith and Addison (1962) quote a patency
vate at one year of 80% (25 cases) snd Cockett and

Maurice (1963) quote T77% (45 cases) patent at one year.
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In the unit series of 206 bypases gralts performed up %0
Decenber, 1962, 21 (80.8%) wers patent ai one year.
Huoted figuves for graft patency at any stage, however,
can be mimsleading. Four of the 40 patients operated on
have developed femoro-popliteal occclusion subsequently
(one three months after operatiom), and three others
were known to have s distal occclusion at the time of
opsration. In these patients, therefore, the success
rate, a8 measured by bthe rellef of claudication, is

inevitebly lower than the graft patency rate.

in generel, it is probable that a mortality
rate of up to L0% can be expected in asorto~iliac suUrgery
(excluding aneurysmns), thet the more major procedures
carry the greatest risk, and that T0% of the patients
operated on should have patent graflts at the end of one
year, although they will not necessarily bve free from

symptoms.

Cauge of Graft Palilure.

One of the early grafts (1959) failed because
of sibaphylococeal infection (Fig.l24), and the graft had
to be removed and a mid-thigh asmputatlion performed.
Infection has occurred in two other cases. One was &

bifureation graft performed in 1957 for gangrene and the
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patient died on the 28th day. The other was a successful
long femoro-popliteal bypass vein graft performed for
claudication which had to be excised subsequently owing
to disrupition of the anestomosls by sepsis, fortunately
without loss of limb.

Infection caused by staphylococcus sureus is
a known hazard of this type of surgery where foreign
material is embedded in the tissues and Schremel and
Creecch (1959) reported 6 cases of synthetic grafts which

had to be removed beceuse of staphylococcal infection.

On four ococcasionsg, bypass graftes have been
insgerted from the comnon lllsc artery to the common or -
superficisl femoral artery 1ln cases of claudlcation or
gangrene and three of these have thrombosed subseqguently.
It appearsg that the high rate of flow obialned with
aoritic anastomosis is essential to the continued funciion

of the graft.

Otheyr causes of fallure ave probably
technical. For example, in the patient who had a
bifurcation graft and died on the 5th day from coronary
thrombosis, the left femoral pulse became weak post-
operatively. At postemortem, it was Lfound thet a flap

of intima had become detached and was parivially
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occluding the anasiveomogis of the lower end of the grafid
to the external illiac artery. Such an occurrence may be
a cause of failure in othexr cases.

Another ceuse of fallure demonstrated by
Szilagyi and his colleagues (19%6) is the development of
athercosclerotic plagues at the anastomotic line with

naryowing and subsequent thrombosiss.

Surgical Yreatment of Femoro-Poplitesl Occlusions.

Yemoro-popliiteal occlusions vary enormously
ian length and in the degree of associated atherosclerotic
chenges in the distal eriteries. The regulis of operation
very and depend to a large extent on correct selection
of patients and on the type of operation employed.

It is now established that homograft, telflon
and dacron bypess grafts have & high fallure rate.
Shuckemith and Addison (1962) found that only % out of
76 long bypaess grafts (teflon end homografit) were patent
after three yesars, and Ashion, Slaney, and Rains (1962)
found only 2 out of 24 teflon grafts patent at 20 months.
Synthetic bypass grafts have a high failure rate and
honografts tend to become aneurysmal (Irvine, Kenyon,
and Stiles -~ 196%) so that 1t is possible that both will
be dipcarded in the surgery of femoro-popliteal occlusion.

Dale and Mavor (1959) published the resulis of an



=260

experimental compsasrison of the patency rates in dogs of
peripheral grafting with autogenous veins, homologous
arteries and synthetic tubes. They found thaih the patency
rate was lowest with synthetic tubes and preferred
antogenous vein to homologous artery because the latler

wvas liable to late degeneratlon.

The remaining methqu'available ayre thrombo-
énd&rtereétomy, autogenous vein grafts,; or a combination
of both.

Thrombo-endarterecltony may be performed in
several ways. A long arteriotomy (Plg.l26) may be
performed which permits removal of the atheromatous
material wader dirvect vislon but subssguent subture tends
10 narrow the vespsel. This can be overcome by suiuring
a strip of saphenous vein to each side of the srteriotomy
- wound virtually producing a long vein patceh (Bdwards,
1962) . Alternatively, the atheromatous wmaterial can be
removaed through multiple artériotomies using arterial
gtrippere (Cennon and Barker, 1955), and each incision
can be patched with aubogenous vein or teflon., Mavor
(1963) has described the use of arteriotomy at the site
of narrowlng produced by plague formatlon and the suture
of & vein pateh without disturbance of the plague.

Autogenous veln was Llrst used as graflt
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material as early as 1912 (lexer, 19123 Pringle, 191%),
but went out of favour for a time and only recently has
1% been re-introduced. Kunlin (1951) was respongible for
this re-introduetion and Mavor (1961) strongly advocated
the use of long bypass eutogenous vein grafts in patients
with long femoro=popliteal occlugions. Linton and
Derling (1962) have reporited high pabtency rates in
patlents with claudicetion (91% of 76 vein grefis patent
on discharge with 4 late failures) and Taylor (1962) has
emphasised the superiority of long vein grafits over
homografts and progtheses in patients with gengrene. Oue
difficulty is that a2 sulitable veln nmey not be available
in the patient who requires s long bypass graft, although
Mavor (1961) found the saphenous vein suitsble in 17

out of 19 cases.

Cockett =and Maurice (1963) have recently
reported enthuslestically on the use of thrombo-
endartercctony combined with a vein graft. One of the
major difficulities in thrombo~endarterectomy of the
popliteal artery is to avoid creating a 'step' or intimal
flap ot the lower end of the disgsection. They congider
that & short bhypass veln graft at the lower end of a
long thrombo-endarterectomy obviates this difficulty and

may increase the possibilitles of successa,
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Pevagonal experience of femoro—-popliteal
purgery for intermitbtent claudication has not been
extensive. In 9 operations (7 thrombo~caderierectonys;

2 long bypass vein grafis), there has been no operative
mortallity, but ouly three weére patent alfter one year.
In the 7 patients undergolng thrombo~endarterechony,
c¢linieal improvement has oceurred in some even where
patency has not been maintained and this ie beliecved 4o
be due to the lncldental removal of intimael thickening
alt the origin of collateral vessels arlising from the

patent proximal segment of the srtery.

the Use of Anti-Comsnlents in drterial Surgery.

The method of use of anti-coagulanis in
arterial surgery is veariable and it is probable that no
one method is superior t0 others.

Anti~coagulants are frequently usced duriug
operatlion and, in the unit, heparin is routinely injected
distally when the artery is clamped. Pemoro-popliteal
operetions have been performed using systemic
heparinisation which is allowed to wear off. ¥or & period,
Warferin was given pre-operatively and operation was
performed at & level of 10-20% vhrombotest buv even at
this level of activity re-~thrombosis was sgeen o occur

at operation in an apparently successful procedure.
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Although the advantage of using anti-coagulants during
operation may be doubiful, thelr use is sale and wound
healing has been normal.

Singer and Rob (1960) found no evidence %o
show that long term post-operative anti-coagulani
therapy was of value as there was no significant
improvement in limb prognosis using phenindione. Pew
patients have been put on long term anti-coagulanis bhutb
one very successful femoro-popliteal thrombo-
endarterectomy thrombosed 8 monthes after operation in
spite of meintained therapeutic anti-coagulant levels
(10=20% thrombotest), end it is doubtful if long ternm

anti-coagulant drugs sxe of any value.

Indications for Operation.

The Indications for operation in patients
with intermittent claudication sre largely a matter of
individual choice which varies according to the surgeon,
Undoubtedly, the most successful cases are those in
which a short arterial occlusion in relatively healthy
vepsels 1s deallt with. The patency rate is high snd the
Long term results appear good. On the other hand, these
patients with short occlusions are often able to walk
a consilderable distance before being stopped by

claudication and are uot seriously handicapped st work
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or leisure. Although the post-operative morbldity is low
it dis difficult to Justify subjecting a patient with a
mild handicap to an operation which carrvies an
appreciable hazard, especially when there is no way of
knowing whether the disease will progress or note.

The dimability imposed by aorto-iliac
ccclugion and the good results to be expected from
operation suggest that sultable lesions should be
operated on so far a8 possible.

In femoro--popliteal occlusions producing
clandication the most sultable cases frequently do notd
have sufficiently severe aymptoms to justify operstion,
and if the surgeon is in doubt the patient should be
asked for his opinion when the possibilities and
advantvagers of success have been discussed,

Patients are upually only considered for
operation if they are bhelow 60 years of age, have no
grosa cardiac or pulmonery insufficlency and can be
regarded ag & first class operative risk. Preferably,
they should be seriously handlcapped at or in travelling
to work il.e., usually a claudlcation distance of 200 yavrds
or less. These vather strict criteria are, of course,
relaxed in patients with threatened or established

SENSTEene o
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Methods of iIndirect Surgical Treatment.

Lo Sympathectomnye.

The effects of sympathectomy on the walking
ability of patients with intermittent claudication has
long been and stilill remains controverslial, Directly
opposing views are srgued forcibly as for example,
Smithwick's elaim (1957) to have obtained relief in 51
out of TO patients and Learmonth's view (19%0) that the
operation was of no value in claudication.

Sheopherd (1950) found no increase in calf
muscle blood flow after sympathectomy in patients with
erterial occlusion and, although sympathectony is
frequently successful in relieving ischaemic rest pain
(Gillespie ~ 1960), there is no satisfactory evidence
that patients with intermittent claudication are
gsubstantially improved by operation. For this reason,
and because of the successful results possible with
direct arterial surgery, sympathectomy is now rarely
employed in the treatment of claudication. There is,
however, no doubt that sympathectomy increases the
hlood flow through the ceollateral vessels and increases

the skin temperature of the foot.

2. Phenol Sympathetlic Block,

With this procedure, which was {irst
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reported by Haxbon in 1949 using a 10% solution of
phenol, it is possible to obtain the effects of
sympatheotomy without the disadvantages entalled hy the
performence of a major operation, dhe procedure is
sinmple and safe and can therefore he used quite widely.
The results obtalned in patvtients with intermittent
clesudication are variable, however, and cannot be
predicted in any way.

Many of the patients so treatbed ¢laim to
obtain very marked improvement in claudication and a
number subseguently claim complete relief. Others state
that they obltain no improvement.

Ho correlation has been found hetween the
temperature rise on reilex vaso~dilation and the
improvemnent in claudicetion distance after phenol block.
Bome vpatients who have a very warm dry linb after phenol
block cannotl walk much further, wheress others who have
very little tempersture increass state thet theiw
walking ability is greatly improved or normal. Reld's
(1960) observetion that the pein of Paget's disease is
abolished by phenol block suggests that this procedure
may interfere with afferent pain fibres in the
sympathetic system and this might account for the
improvement obtained by some palients.

An analysis of the results oblained by
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phenol injection (1L:15 solution of phenol in water) in
patlents with intermitient claudication was repovied by
Heid, Watt and Gray in 1961l and indicates that
substantial improvement may result. Some types of
occlusion appesr to respond better than others e.g. only
10% of patients with aorbto-iliac ccclugion svtain a
raasonahle standard of improvement, the sub-group
contributing most of the 10% being the unilateral common
iliac oceclusion in which en extensive collateral
girculation can be developed (FPlg.86).

In femoro=-popliteal occlusions, 1t secens
that some btypes of occlusion respond well to phenol
klock and others do not. The best response is in short
adductor and low popliteal occlusions where approximately
two=thirds of each group respond satisfactorily. A poorer
response (350% improved) to phenol block is found in
patients with extensive femoro=-popliteal and tiblal
ocelusion and in patieants with bilsteral clasudication.
One group which might be expected to respond well is the
group with inclpient femoro-popliteal occlusion bui the
response ig often poor snd this nay be becsuse an
adequate collatersld system has not yelt developed.

One clinical indication that phenol injection
does ilmprove claudleation is found in some patients with

nilateral claudlication. Lt is usual to find that +the
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patient complains of one leg more then the other (e.fe.

R » 1) Phenol injection of the right lumbar sympathetic
chadin may xveverse the aymptoms and the patient then
complaing that the left leg is the worse of the two,

A gecond phenol injectlon on the left side restores the
original balance 8o that the pain is agein more severe
in the yight leg. ¥When this cycle occurs, the end resultd
18 a marked total improvement in walking abllity.

It is, of course, unwise to assume that
phenol injection is the cause of any improvement obtained
a8 claudication distance vaxies vo much with the speed
of wallking and the gradient. However, it is undoubtedly
true that many patients, previously treated
unsuccessfully with drugs, sre exceedingly grateful for

the improvement obiained by thils method.

3. Dperations on the Calf Musgles.

There are three operations which can be
applied to the calf muscles themselves which may improve
clandication in some patlents. These are popliteal
neurectomy, selective nerve crush, and achililles tenotomy.

roplitesl neaurectomy (divieion of the motor

nerves to gestrocnemius and soleus) was first conceived
by Learmonth who noted that patlients ¢id not claudicate

following exclsion of a popliteal sneurysm together with
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the nerve supply to the calf muscles. The operation has
only infrequently been uped, but Marston snd Cockett,
(1962) wveported moderstely good resulis in o small series
of cases but found & high percentage of poat-=operative
gcomplicationg, especially venous thrombosis.

Selective Nerve Crush (where the nerves %o

gaatrocnemive and soleus sre crushed) has recently been
reported by Relid, Watt and Gray (1963%). They reviewed
65 patiente after 1-10 years and clelm satisfactory
results in 75% of unilaterasl operations with & low
incidence of post-operstive complications.

Achilles Tenotomy (division of the tendo

achilles) was reporied in a comparable number of cases
(72) by Boyd and Bloor in 1960, Good resulis were

obtained in ebout 50% of cases.

On the whole, the indications for ithese
three operations are restricied ss direct arterial
gurgery is usually more rewarding but there appears G0
be a plece for their uwse in patients with unilateral
claudlcation. Both Reld and his colleagues and Boyd
and Bloor consider that thelr use in bileteral

claudication is limited.
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SUMMARY AND CONCLUSIONS.

Iin this thesis, the pattern of athercosclerotic
arterial occlusion in intermittent claudication has bheen
the principal thene.

I% hes been possible to show that femoro-
popliteal occlusions originate at bthree principal sitesse
in the adductor region (60-T0%): in the popliteal artery
above the level of the knee joint (12%): and at the
popliteal bifurcation (12%). The cause of occlusion at
these sites has been discussed in relatlon to the
frequency of ayterial branching and to curve formation
in the popliteal artery.

A tentative classifllication of femoro-popliteal
occlusions has been formulated,

There is a high incidence of occlusion in the
gymptomless leg of patients with uniletersal claudication
and in the lower leg arteries of all patients. The
incidence rises sleeply with increasing age.

Posterioyr tibial, anterior itibial, and
combined an%/po&t. tibial occlumions arve the common
occlugion patterns In the lower leg. Peroneal occlusion
i1s uncommon and is usually secoundary to posbterior tibial
occlumion,

The sites of origin of aorto-liliac occlusiong
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are the sortie bifurcation, the common lliac artery,
and the common illiac bifurcation, oceclusion of the
common 1liac artery being the commonest lesion found.
Distal ocelusion is absent in 60% of acrito-iliac
ooclusions aad the incidence of asgociated femoro-
popliteal ocelusion is highest in exbermal ilisc end
gommonn femoral lesiong.

The symmetrlcal pattern of msny of the
arterial lemsilons is noted.

There 1s no apperent correlation between
the slte of occluslon and the clsudication distance nor
hetween the rise in tenperature during vapodilatation
and the degree of improvement obtained by phenol
gympathetic block.

The significance of the various pulse

patterns ig discussed and the methoda and resulis of

aureleael treabtment are brieflly reviewed.
&
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Fig. 1 : Stirling's Injector.

The apparatus is illustrated with needle,
pressure tubing, and syringe in position. Pressure on
the lever forces down the piston of the syringe and the
metal ring at the top of the photograph stops the lever
before the piston and the exit ring of the syringe make
contact, thus avoiding breakages.



Fig. 2 3+ Technique of Aortography - 1.

The anaesthetised patient is placed in the
prone position with the aortic region overlying the
cassette tunnel and the unscreened films for
visualisation of the femoral and popliteal arteries
are seen in position. The legs are steadieu by & light
retaining strap.

The tube is centred at the level of the
greater trochanters so &8 to cover the lower trunk
and the thighs.



Fig. 3 : Technique of Aortography - <.

The skin heas been prepared with surgical
spirit and the region towelled off. The skin markings
of the tips of the lumbar spinous processes, the iliac
crest, and the left 12th rib are illustrated.

The needle is directed antero-medially from
below the 12th ribdb about 12 cms. from the midline, and
a successful puncture has been achieved as indicated by
the blood on the skin and the dark stain on the sheet
below. The stillette has been replaced until the injector,
syringe and tubing are brought over and the tubing is
then attached to the needle.



Fig. 4 : Visualisation of Femoral and Popliteal Arteries
at Aortography.

The femoral &nd popliteal arteries are well
visualised and show only mild atherosclerotic changes.
The flow in the right leg is slower than in the left and
the popliteal bifurcation is not visualised. This was
due to a stenosis of the common iliac artery which
delayed the passage of dye.

Only one film was taken on this occasion
and the femoral films were taken at 7 seconds.



Fig. 5 : Timing in Aortography.

In the lst aortogram film, there is an incipient
occlusion of the right common iliac artery and the left
common iliac appears to be occluded. A faint shadow of
the left external iliac artery can be seen and the
internal iliac artery is well visualised.

In the second aortic film, most of the dye has
left the aorta and the reconstitution of the iliac
arteries distal to the block indicates that the occlusion
involves only the left common iliac artery.

The right iliac arteries are shown best in the
first film as the common iliac stenosis does not hold
up the dye to the same extent as the occlusion on the
left side.



Fig. 6 : Extra-mural Extravasation During Aortography.

In this translumbar saortogram, dye has been
injected outside the aortic wall giving rise to a dense
shadow. No dye has entered the vessel itself. In spite
of this extensive perisortic extravasation no serious

damage to the aorta occurred and aortography on a later
occasion was successful.



Fig. 7 : Intra-mural Extravasation of Dye.

The aortic shadow is intense and there is a
small quantity of dye lying on the right of the aorta
at the level of the needle. The dense shadow of the
aorta is due to intra-mural extravasation which has
occurred after sufficient dye has passed into the aorta
to outline the vessel. There is interruption of the dye
column below the level of the inferior mesenteric artery.

The pattern of supply of the inferior
mesenteric artery to a colon containing faeces 1is well
defined.



Fig. 8 : Aortic Ucclusion.

This sortogram was performed several weeks
after that in Fig.7. Aortic occlusion has occurred up to
the level of the inferior mesenteric artery and
reconstitution of both common iliac arteries occurs
principally through & well developed ilio-lumbar
anastomosis on each side. The superior rectal artery is
seen to terminate in tortuous collateral vessels.

The appearances of a oblique line across the
aorta is due to intra-mural extravasation which did not
precipitate any further thrombosis. Thrombo-endarterectomy
was performed subsequent to this aortogram.



Fig. 9 : Aortic Bifurcation Narrowing.

This aortogram of a woman eged 52 years
shows a moderate irregularity of the smorta due to
atherosclerosis.

fhe needle has cannulated an aberrent right
renal artery and has produced dense opacification of the
lower half of the right kidney. The urine contained a
few red cells and casts subsequently but no urinary
symptoms developed and renal function was normal.

There is some narrowing at the aortic
bifurcation more marked on the right side which produced
mild thigh and calf claudication when she was first seen
in 1957. In 1959, she developed bilateral short femoral
occlusions with an increase in severity of her
claudication but her symptoms have remained unchanged
for four years.



Fige. 10 : Normal Aortogram.

Much of the aye has left the zorta and the
kidneys are in the nephrogram phase. A small dense
shadow at the tip of the needle indicates a small
intra-mural extravasation.

The aorta is broad and rexgular in outline
with three lumbar arteries sna the inferior mesenteric
artery visualised. 1The common iliac arteries are of
large calibre and smooth in cutline and the common iliac
bifurcations are visible with the right one occurring &t
a higher level than the left.



Fig. 11 : ¥quipment for Femoral Arteriography.

A No.l serum needle is attached to polythene
tubing with Luer-liok fittings and the syringe is attached
to the other end of the tubing by similar fittings.

The 10 ml. syringe and hypodermic needle at
the left of the photograph is filled with local
anaesthetic and the next two syringes are filled with
saline. The two syringes at the right placed on swabs
are filled with Urografin.

The two large stainless steel bowls are used
for saline and the small bowl for surgical spirit.



Fig. 12 : Technique of Femoral Arteriography - 1.

The two cassette tunnels are placed side by
side at the lower end of the table, and a dummy plywood
support at the top end allows the patient to lie flat
with one leg on each cassette tunnel. The three trays
are seen in position for examining the left leg.

The tube is screened by a plywood and lead
‘cone' which restricts the spread of x-rays to the aresa
of a cassette tunnel and is normally centred on the knee.



Fig. 13 : Technique of Femoral Arteriography - 2.

The right groin has been swabbed with spirit
and draped with sterile towels. The surface markings of
the anterior superior iliac spine, the inguinal ligament,
and the pubic spine are indicated. Two parallel vertical
lines overlie the femoral artery and a needle has been
placed in position to indicate the angle at which the
artery is approached.



Fig. 14 : Technique of Femoral Arteriography - 3.

The femoral artery has been successfully
located and entered. The syringe containing saline has
been attached to the plastic tubing and injection of
saline is being performed forcibly to confirm that the
position of the needle is satisfactory.



¥ig. 15 : Timing in Femoral Arteriography - 1.

The three thigh films of a femoral
arteriogram are illustrated in a patient with a short
adductor occlusion.

The 1lst film shows the superficial femoral
artery down to the level of the occlusion with the
profunda branches visualised. The patent channel distally
is now outlined by dye.

The 2nd film shows details of a short
adductor occlusion and the popliteal artery distal to
the occlusion is outlinea in greater detail. The profunda
artery is no longer vieible and there is diffuse
opacification of the upper part of the thigh.

In the 3rd film, the dye has left the
superficiel femoral artery and has passed distally. There
are faint double shadows in the upper part of the thigh
due to venous filling.



Fig. 16 : Timing in Femoral Arteriography - 2.

These are the lower leg films corresponding
to the thigh films in rig. 15.

In the 1ist film, the dye has just reached
the popliteal bifurcation and in the 2nd film, the
origins of the three lower leg vessels are seen.

In the 3rd film, the posterior tibial and
peroneal arteries are visualised down to the lower third
of the leg but the anterior tibial artery is
superimposed on the cortex of the tibia and cannot be
traced downwards.



Fig. 17 : Extravesation of Dye,.

There is a dense irregular shadow in the
groin due to peri-arterial extravasation. A small
quantity of dye has entered the artery and gives a
faint outline of the vessel.
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Fig. 18 : Extravasation of Dye.

Thies is an unusual picture of the profunda
artery which has been outlined by dye which has passed
down in the adventitial coat to produce a peculiar
irregular outline. A small amount of dye appears to have
entered the lumen as indicated by the dye in a tortuous
collateral vessel medial to the profunda artery.



Fig. 19 : Short Adductor Occlusion : Peroneal Leg.

There is a short adductor occlusion with
excellent reconstitution of the popliteal artery which
shows some irregularity. Numerous small tortuous
collateral vessels are present.

In the lower leg film, the peroneal artery
is large and breaks up into anastomotic branches above
the level of the ankle joint. The anterior and posterior
tibial arteries are occluded and are not visualised.



Fig. 20 : Normal Femoral Arteriogram.

The superficisal femoral and upper part of
the popliteal arteries of both legs outline normally
and are of good calibre. The branches are few and small
in size.

The profunda femoris is well demonstrated
and numerous branches are visible especially on the left
side. The lateral circumflex artery is well demonstrated
and in the right leg it is larger than the continuation
of the profunda itself.

The curved shadow passing to the left of
each photograph is the plastic tubing filled with dye.



Fig. 21 : Normal Femoral Arteriogram - Lower Leg Film.

The lower part of the popliteal artery and
the lower leg vessels are well outlined and are of
uniform calibre.

The sural arteries arise from the popliteal
artery above the level of the knee joint and pass
downwards and medially to the csalf muscles.

The anterior tibial artery takes origin a
few cms. below the knee Jjoint and its recurrent branch
can be seen passing up to the head of the fibula. The
posterior tibial and peroneal arteries are of equal
calibre.




Fig. 22 : High Popliteal Bifurcation.

In this patient the posterior tibial artery
erises from the popliteal artery at the level of the knee
joint and passes downwards and medially to resume ite
normal course.

The snterior tibial and peroneal arteries
arise a level equivalent to that of the normal popliteal
bifurcation.

The popliteal artery is narrowed just below
the origin of the posterior tibial artery, and the
proximal part of the peroneal artery is irregular in
outline.




Fig. 23 : Hypertrophy of Profunda Femoris : lHigh Poplitesal
Bifurcation.

Wedey & man of 53 years was first seen in
1959 when he complained of bilateral claudication at a
distance of 1 mile of 3 years duration. ¥ollowing a
Coronary Yhrombosis in January, 1959, his walking distance
was reduced to ¢ mile.

The right femoral arteriogram shows a long
femoro-popliteal occlusion with reconstitution of a
short intermediate segment. Collateral channels are
numerous and the profunda femoris appears to be much
larger than normal.

The lower leg vessels are of reasonable
calibre. The posterior tibial artery arises at a high
level and the anterior tibial issues from a peroneal
artery, which by virtue of its size and direction appears
to be the main lower leg artery.



Fig. 24 : lateral Arteriogram of Lower Leg.

The posterior tibial artery is projected
clear of tibial shadows and can be seen to pass behind
the medial malleolus into the foot. It is grossly
atherosclerotic and irregular.

The peroneal artery is superimposed on the

shadowas of the tibia and fibula and is difficult to see.
The anterior tibial artery is not visualised.



Fig. 25 : Normal Arteriogram.

The popliteal artery is smooth and of good
calibre. The anterior tibial artery originates in the
manner of a lateral branch and the main stem of the
posterior tibial artery is short.

The peroneal artery is the direct continuation
of the main trunk and the posterior tibial artery arises
in the manner of a lateral branch.
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Fig. 26 : Venous Filling during Arteriography - 1.

This is a very striking photograph of dye
in the venous system of the thigh found in the third
film of a patient with lower leg occlusion. The outline
of the femoral vein is well seen and the branches are
seen to be double in most cases i.e. venae comitantes.



Fige. 27 3 Venous Filling during Arteriography - Z.

These are the three films of a patient
complaining of claudication. The first film outlines
the arteries of the thigh and demonstrates a short
adauctor occlusion with a large collateral above the
block.

In the secona film, the dye has almost
left tne arteries end there is general opacification of
the thigh.

The third film shows extensive venous filling-
The femoral vein is easily seen at the top of the

photograph and the small venous channels are again seen
to be double in many places.



Fig. 28 : Venous Filling during Arteriography - 3.

These are the first ana third films of the
left femoral arteriogram of the same patient illustrated
in ¥ig.27.

The first film shows & short adductor
occlusion at a site corresponding to that of the right
thigh, ana collateral development is good.

The third film shows widespread venous
filling with numerous small double branches. The venous
pattern can be seen to follow the arterial pattern very
closely.



Fig. 29 : The Development of Thrombosis in the Adductor
KRegion.

J.C., 8 diabetic patient aged 42 years, was first
seen in 1959 when he complained of right sided claudicat-
ion after walking <J00 yards. l'rogressive deterioration
occurred and his left femoral artery thrombosed in 1960.

In the first arteriogram (10...59), irregularity
of the femoral artery due to intimal thickening can be
seen with plaque formation occurring below the branch
seen in the middle of the vessel.

The second arteriogram (12.1.60) shows that
thrombosis has occurred and has extended as far as the
branches visualised on the first arteriogram. The
proximal part of the artery is more narrowed than before
due to diffuse intimal thickening. The development of a
collateral network between the limiting and re-entrant
collaterals is more pronounced than in the first
arteriogram.




Fig. 30 : Adductor and Popliteal Plaques.

HeWe., 2 man of 53 years, was first seen in
1959 when he complainea of left sided claudication at
100 yards distance.

In the arteriogram of the right leg, an
adductor plaque is seen which has produced some
narrowing of the vessel and a reduction in the density
of dye. Another plaque is present in the popliteal artery
where stenosis has developed.

The atherosclerotlic process has been more
severe in the left leg and an occlusion of the popliteal
artery has occurred. It is possible that, in the course
of time, a similar lesion will develop in the right leg
due to the severe popliteal stenosis present,



Fig. 31 : Aortic Bifurcation Stenosis.

The lower abdominal aorta is grossly
atherosclerotic in this female patient aged 47 years,
and there i1s marked stenosis at the aortic bifurcation
which has not constricted the orifices of the common
iliac erteries. The inferior mesenteric and lumbar
arteries have been cobliterated by the disease and are
not visualised.




Fig. 32 : Bilateral Incipient Adductor Lesions.

W.W., an elderly man of 74 years, was first
seen in 1958 when he complained of bilateral claudication
at 100 yards.

Both femoral arteries are severely narrowed

in the adauctor region due to plaques. Although
occlusion asppears imminent on either side, both vessels

remained patent until his death four years later.



Fig. : Fibrin Deposition in Atheroma.

The right common iliac artery (illustrated
in Fig.89) has been incised longitudinally. The marked
thickening of the intima can be seen in the wall held
by the small artery forceps and the stenosis seen on
aortography is due to the deposition of fibrin on an
atherosclerotic plaque on the posterior wall of the
middle of the artery.



Fig. 34 : Irregularity of Arterial Outline.

A.G., an elderly men of 68 years was
investigated in 1958 for right sided claudication.
An arteriogram of the left femoral artery performed at
the same time showed marked irregularity of outline due
to atherosclerosis but no evidence of occlusion.

Thrombosis developed in this vessel two ye&ars
later leading to a total femoro-popliteal occlusion and
gangrene which necessitated amputation of the left leg.



Fig. 35 : 'Beading' of Superficial Femoral Artery.

The left femoral arteriogram shows gross
irregularity of outline of the femoral and popliteal
arteries which is more severe than in Fig.34. The middle
of the artery presents a 'beaded' appearance and there
is eviderice of calcification in the arterial wall at
the level of the marker. Collateral vessels are also
developing at this level.

Atherosclerotic changes in the profunda
femoris artery &are also visible.




Fig. 36 : Total Popliteal Occlusion.

M.el., aged 45 years, was first seen in 1960
with bilateral claudication at 300 yards distance.
Bilateral femoral arteriography showed gross dilatation
and irregularity of both femoral arteries.

The left femoral artery is illustrated here,
ana narrowing of the lumen in several places is evident.
In 1961, he developed the occlusion illustrated in the
right hand photograph. Ischaemic rest pain was relieved
by phenol injection of the left lumbar sympathetic chain
but he remained severely handicapped by claudication
until hils death from coronary thrombosis later that year.



Fig. 37 : Multiple Popliteal DLilatation.

This arteriogram of J.B3., aged 61 years shows
widespread irregulerity and dilatation of the popliteal
artery. The degree of dilatation present is aneurysmal in
type altnough no definite aneurysm is present.

This patient suffered from severe bilateral
claudication at 50 yards distance due to a left total
popliteal occlusion and a right low popliteal occlusion
involving the bifurcation. With the severe changes
illustrated, it is not surprising that treatment failed
to alleviate his claudication.




Fig. 38 : Popliteal Aneurysm.

This arteriogram shows a small saccular
aneurysm of the left popliteal artery, the outline of the
rest of the artery being smooth and regular.

It is interesting that this man of 37 years
had experienced right sided claudication for 8 years and
had total femoro-popliteal and anterior tibial occlusions
in the right leg and an aneurysm in the left. The changes
in the occluded leg were those of atherosclerosis but he
developed migrating phlebitis which suggested the
possibility of Buerger's disease. The distal lesions
typical of this condition were absent and the arterial
lesion is considered to be atherosclerosis.




Fig. 39 : kFarly Aneurysmal lilatation of the Aorta.

This aortogram of H.W., a 61 year old woman
shows a left external iliac occlusion. The aorta is
atherosclerotic and there is early fusiform aneurysmal
dilatation of the lower abdominal aorta. This has not
progressed since 1960 and surgical excision of the dilated
segment has not been necessary.



Fig. 40 : Post-Stenotic Dilatation of the Right Common
Iliac Artery.

There is severe stenosis of the right common
iliac artery affecting the proximal portion of the vessel
near tne aortic bifurcation. Post-stenotic dilatation is
evident and at operation the anterior wall was found to
be very thin.

In this man of 52 years, a short bypass teflon
graft from the sorta to the dilated artery beyond the
stenosis was inserted on 14.6.62. Subsequent convalescence
was uneventful and the patient is now symptom free.




Fig. 41 : Persistence of Post-Stenotic Dilatation.

This left femoral arteriogram shows a short
adductor occlusion with dilatation of the reconstituted
main vessel distal to the block. This dilated area 1is
due to a post-stenotic ailateation which has persisted
after occlusion. The limiting collateral is narrowed at
its origin and further extension in a proximal direction
to the next collateral appears inevitable in the course
of time.

The upper portion of the vessel shows an
area of severe narrowing and numerous collateral vessels
have arisen from the profunda femoris. These collaterals
appear to curve towards the main vessel as they descend
to make connection with the re-entrant collaterals.



Fig. 42 : Calcification of Arterial Wall.

Several segments of calcified vessel can be
.seen and the diameter of the lumen is maintainea at these
levels. Irregularity of outline due to intimal thickening
is very markeda in the lower part of the artery.




Fig. 43 : Arterial Calcification.

This right femoral arteriogram of a 67 year old
man with claudication at 100 yards distance shows
occlusion of the proximal segment of the superficial
femoral artery. The lumen is irregular throughout but
the diameter is maintained at two small areas of

calcification near the upper end of the patent portion
of artery.



Fig. 44 : Calcification of the Posterior Tibial Artery.

These are the 2Znd and 3rd films of a lower
leg series. In the second film illustrated on the left
some dye is visible in the anterior tibial artery. The
posterior tibial artery is calcified and retains an
outline suggesting calcification of the media.

In the third film illustrated on the right,
dye is seen in the three lower leg arteries but the
calibre of the posterior tibial is poor and there appears
to be an occlusion at its middle.



Fig. 45 : Plaque YFormation at the Aortic Bifurcation.

This man of 59 years was seen in 1962 when
he complained of bilateral claudication at 50 yards
distance which dated from a myocardial infarct in 1960.
Both femoral pulses were reduced in volume and
aortography showed a lesion at the aortic bifurcation
which produced narrowing of the orifices of both common
iliac arteries. Both external iliac arteries are
elongated end tortuous but were found to be relatively
healthy at operation although the disease process was
severe and extensive in the aorta and iliac arteries.
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Fig. 46 : Plaque Formation at the Common Iliac
Bifurcation.

There is an area of severe stenosis in the
left common iliac artery at a level which corresponds
with the common iliac bifurcation of the other side.
The left internal iliac artery is occluded and this is
probably secondary to plaque formation at the common
iliac bifurcation. Further progression is liable to
cause common and external iliac occlusion on this side.



Fig. 47 : Plaque Formation at the Popliteal Bifurcation.

The'pOpliteal and tibial vessels in this
arteriogram are of reasonable calibre and outline except
in the lowest part of the popliteal artery. The dye
column in the lowest 2 cms. is reduced in density by a
large atherosclerotic plaque at the popliteal bifurcation
which is encroaching on the lumen from the posterior wall.




Fig. 48 : Narrowing at Orifices of Major Branches.

In the right femoral arteriogram there is
some irregularity in the adductor region due to plaque
formation and calcification is seen in the medial wall
of the artery opposite the origin of a lateral branch.

The left arteriogram shows a long superficial
femoral occlusion with an excellent collateral network
derived from the profunda artery. The two collateral
vessels show evidence of narrowing at their junction
with the main channel.




Fig. 49 : Magnification on to Film.

The unscreened film in the cassette tunnel
was ruled with a graphite pencil at 5 cm. intervals and
lead markers (seen on the left of the picture) were
placed at 5 cm. intervals on the thigh at a level
corresponding to that of the femoral and popliteal
arteries. Calculation of the difference in distance
between the lead markers and the transverse lines ruled
on film indicate a magnification of 4% in the lower part
of the thigh and 8% in the upper thigh.

e



Fig. 50 : Flaque Formation in the Proximal Part of the
Superficial Femoral Artery.

This femoral arteriogram provides an unusually
clear picture of the common femoral junction which shows
a moderate degree of narrowing due to plagque formation.
The upper segment of the superficial femoral artery is
nerrowed and irregular in outline and calcium deposits
are visible in the lateral wall.

A large plaque has constricted the vessel and
greatly reduced the volume of flow but there are no large
collateral vessels arising from the superficial femoral
artery proximal to the lesion.
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Fig. 51 : Method of Histogram Construction.

In the left hand side of this figure, the
occlusions have been represented as vertical lines drawn
against the scaele on the left of the figure. Most of the
long occlusions extend up to the 40 cm. level (the common
femoral junction). The short occlusions are more variable
but are most numerous at the middle of the scale - the
adductor region.

The histogram on the right hand side ie
constructed by counting the number of vessels occluded at
each level (e.g. 26 vessels are occluded at the 20 cm.
level) and drewing a horigontal line of appropriate
length et the corresponding level of the scale. Tach line
represents the number of vessels occluded at each level
and the histograﬁ indicates the rate of arterial occlusion
in the femoral and popliteal arteries.
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Histogram of 295 femoro-popliteal occlusions

40
cms.
above

te\}/ei. O

20

10

i

0 40 80 %0 160 200
No. of occlusiqns at each. level,

Figzmgg,s'ﬂistogram of 295 Femoro-Popliteal Occlusions.

This is the histogram of all the 295 femoro=-
popliteal occlusions found in the 528 femoral arteriograns
of 264 patiente. The appearances are similar to that seen
in Pig.51.

The higtogram is broad at the top due to the
large number of long occlusions extending up to the common
femoral Junction and there is & minor degree of veriation
in the 30-40 cm. segmeit. The rate of occlusion increases
lower down and the laxge adductor peak is smooth and
extends from 27 t0 14 cms., being maximal at 18 cms.

Below 14 cms. the rate of occlusion falls
rapidly but the curve is noi so smooth and it tends to
gtraighten out at the level of the knee joint.
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Pige 53 ¢ Histogram of Occlusions Measuring Scms. or less.

This histogram of 88 femoro=popliteal
occlusions meapuring fyom one 4o five cms. in length
shows a large peak which extends from 14 ems. to 21 cms.
(approzimately) and ls maximal at 18 cms.

The second feature is the appearance of
subsidiery peaks from 5 to 10 cms. and from ~5 to O cms.

There is evidence of & lower rate of oceclusion
hetween the pesks and the absence of any observations
above 28 cms. indicates that short ceclusions have not

been seen in bthis upper segment in the 264 patients
investigated.
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Pig. 54 3 Histogram of Occlusions Measuring 3cms8.0r 1less.

This histogram ig similar +to the previous
histogram (Plg.%3). Three pesks are again visible. The
principal peak extends from 14 4o 21 cms. and is maximal
at 17 oms. The npiddle peak extends from 5 - 10 cme. and
the lowest peak from =5 to lom.

In this figure there are no observations
recorded above the 23 cm, level, and the lowest peak
tends to increase in megnitude as it approaches =5 Cns.
(the popliteal bifurcation).



Fig. : Inciplient Arterial Occlusion.

This superficial femoral artery shows groes
narrowing in the adductor region due to a large
atherosclerotic plaque. Collaterals are already

developing and it seems probable that occlusion wili
eventually occur.
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Tig, 56 3 The Distribution of 167 Atherosclerotiec
Plagques in the Pemoral and Popliteal Arteries.

This histogram illustrates the distribution
of 167 atherosclerotic plsgues causing severe narrowing
of the femorsl and popliteal arteries. The observations
are widely scatitered, especially in the popliteal artery
from QO to 12 cng., and the most prominent features are
the large peak in the adductor region (l4-24 cme.) with
a maximum incidence at 19 cms., and the peak at the
poplitesl bifurcation (=5 cms.)

There are rvelstively few ocbservations in the
upper part of the superflcial femoral artery (30 to 40cms)
and in the popliteal artery below the level of the knee
joint (0 to -5 cms.)




Fig. 57 : Plaque Formation at the Topliteal and Posterior
Tibial Bifurcations.

This arteriogram shows atherosclerotic
lesions at the popliteal and posterior tibial
bifurcations. The anterior tibial artery is grossly
narrowed at its origin and shows some post-stenotic
dilatation, whereas the adjacent popliteal artery is
of reasonable calibre and smooth in outline.

It seems probable that anterior tibial
occlusion will occur in the course of time and the
popliteal artery will remain patent.




Fig. 58 : Low Popliteal Occlusion.

In this arteriogram, the popliteal artery
is occluded from the origin of the sural arteries
immediately above knee joint level to the bifurcation.
The sural arteries (two in number) and the medial
inferior genicular artery appear to form a leash of
three vessels coursing downwards and medially.

The anterior tibial artery is reconstituted
through its recurrent branch but is occluded just at
its origin as is the posterior tibial artery. The
posterior tibial and peroneal arteries show only a
relatively faint shadow.




FPig. 59 : Lateral View of the Femoral Artery.

In this arteriogram, lead markers have
been placed at 5 cm. intervals on the thigh, and the
lowest is at the level of the knee joint. At 25 cms.
from the knee joint, the arterial shadow crosses the
anterior cortex of the femur and passes backwarde to
become the popliteal artery. Between 10 and 20 cms.
there is a shallow S-shaped curve and it is probable
that the adductor opening lies within this segment.



Fig. 60 : Low Popliteal Occlusion.

In this arteriogram, the popliteal artery 1is
occluded up to the level of one of the sural arteries
which 1s narrowed at its origin. Extension of the
occlusion to the origin of the genicular artery is
possible.

The saphenous and descending genicular
arteries are prominent as they course downwards to
provide a collateral circulation and the adductor
opening probably lies just below the origin of these
branches.

Above this level, there is a large plaque
producing severe narrowing of the superficial femoral
artery in the adductor region.
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Fig. 61 : The kelationship of the Adductor Tendon to
the Femoral Artery.

In this operation photograph, the
glistening fibrous adductor tendon is prominent. The
superficial femoral artery (a) is seen to pass through
the adauctor opening and, at this level, there is a
firm triangular portion of tendon (b) whose free margin
is in contact with the artery.




Fig. 62 : Traumatic uv>clusion of the Brachial Artery.

J.McM., aged 37 rears, sustained a lateral
dislocation of the right elbow with median and ulnar
palsies. After reduction, the radial artery was
impalpable but the arm was viesble.

The arteriogram shows occlusion of the
brechial artery at the level of the elbow joint with
reconstitution at its bifurcation.

¥Yollowing recovery of the nerve lesions, he
returned to work but experienced claudication of the
forearm muscles during heavy work. This was partially
relieved by phenol block of the upper dorsal sympathetic
chain and he has been able to continue working as a

labourer.
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Pig. 63 : Histogram of the Upper and Lower lLevel of
Qecclugions,

In the left hand slde of this figure, the
upper level of the 29% femoro-popliteal occlusions hes
been plotted. There is a peak in the adductor region
and a 'skip’' area above the sural pesak &t 0 to & cms.
Observations from 33 to 40 cms. snd from -1 to ~4 cms.
are few.

The lower level of occlusion is recorded on
the right. The adductor peak is naturally lower and
extends into the upper part of the popliteal artery.
The principal feabture is the large number of observations
at 14 cms. due Ho the deascending genicular artery. The
sural peak from 4 to & cms, is also very prominent.

When these two histograms sre summated,
Pig.64 iz obtained.
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Fige 64 & Disgtribution of Limiting and Re-entrant
Collaverals.

This histogram is a summation of the two
histograns lllugstrated in Fig.6? and shows the
distribution of the limiting and re-entrant collaterals.,

There is a large adductor peak with =&
maximum incidence at 18 cms. The large individual peak
et 14 cus. appears o be due to the frequency with
which the descending genicular artery occurs at this
level.

The pesk at 4 t0o 6 cms. ig due to the sural
vessels.

There is a relative absence of observations
between 30 and 40 cms. and between 0 and -4 cms.
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1959. 1960.

Fig. 65 : The Subsequent Development of a Popliteal
Lesion.

JeAsoy 8ged 50 years, was investigated for
right sided claudication in 1959 and the arteriogram
shows gross atherosclerotic changes in the femoral
artery without occlusion. Narrowing of the artery is
severe at one point and there was an a&ssoclated posterior
tibial occlusion.

In 1960 his claudication became woree and a
further arteriogram shows that he developed stenosis of
the popliteal artery. The photograph on the right shows
the lesion of the popliteal artery which was not present
in 1959.




Fig. 66 : Curve Formation in the Popliteal Artery.

In this lateral arteriogram of the popliteal
artery with the knee in flexion, the popliteal artery
shows several curves due to the elongation and
tortuosity occurring in an atherosclerotic vessel.

YThe proximal acute curve has large branches
at the base of each limb of the curve and these may have
created relatively fixed pointe between which the mobile
artery is free to develop an acute curve.

From the knee joint to the popliteal
bifurcation small secondary curves are present.




Fig. 67 : Plaque Formation in the Popliteal Artery.

Curve formation in this popliteal artery
is not s0 pronounced as in Fig.66. The sural artery
appears %0 lie at the lower end of the curvee.

The artery 1s moderately atherosclerotic
and irregular and this is most marked on the summit
of the curve where plaque formation appears to be
occurring on the convexity.




Fig, 68 : Low Popliteal Occlusion.

This arteriogram shows & low popliteal
occlusion limited by the sural arteries which arise
just above the level of the knee joint. In the A.P
view, the sural arteries course downwards and medially
-as a leash of three vessels, one of which is the medial
inferior genicular artery.

No reconstitution of the tibial arteries
can be seen on this film,



Fig. 69 : Total Popliteal Occlusion.

W.B., an elderly man of 78 years, was first
seen in January, 1960 when he developed gangrene of his
left great toe. A femoral arteriogram performed on
24.1.60 showed occlusion of the whole length of the
popliteal artery up to the level of the descending
genicular artery. A few small collateral vessels could
be seen below this level but no reconstitution of the
main trunk was seen. A mid-thigh amputation was
performed on 29.1.60.



Fig. 70 : The Development of Collateral Vessels.

This bilateral femoral arteriogram shows
lesions of the adductor region in both legs.

In the left leg, there is a short occlusion
with numerous collaterals and, in the right leg,
occlusion is incomplete.

The pattern of collateral development is
similar on the two sides and it seems probable that
symmetrical occlusions will develop. This patient
(a diabetic aged 70 years) had bilateral symmetrical
posterior tibial occlusions also.

The collateral vessels developing distally
are larger in size than those arising from the artery
above the occluded segments.



Fige. 71 3 Tortuosity of Collateral Vessels.

D.Re, aged 44 years, complsined of left
sided claudication at 50 yards in 1959 and was found
to have double femoro-popliteal occlusion. There is
a small patent segment of the popliteal artery above
the knee joint and the artery was reconstituted at the
popliteal bifurcation.

The leash of collateral vessels arising
from the lower end of the profunda femoris illustrates
the characteristic tortuosity of these vessels which
appear to form a spiral in this arteriogram.
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FPig. 72 : Tortuosity of Collateral Vessels.

In this arteriogram, a large tortuous
limiting collateral vessel arises from the lower end
of the patent superficial femoral artery but no
reconstitution of the popliteal artery can be seen.
A branch of the popliteual artery overlies the shadow
of the femur and is reconstituted from the profunda
femoris although its origin has been occluded.



Fig. 73 : Atherosclerosis of the Profunda Femoris Artery.

This elderly patient, S.L., aged 70 years,
developed a total femoro-popliteal occlusion with
gangrene of the foot necessitating mid-thigh amputation.

The arteriogram shows the common femoral
artery plerced by the needle and the superficial femoral
artery is occluded. The profunda femoris shows
atherosclerotic changes without occlusion, but the
narrowing of the main trunk and of the origins of the
branches has considerably reduced the collateral flow
through the profunda femoris.




Fig. 74 : Occlusion of the Abdominal Aorta.

This aortogram shows occlusion of the aorta
below the inferior mesenteric artery and reconstitution
of both iliac arteries can be faintly seen.

This patient, a young male diabetic of
37 years, complained of bilateral claudication at 300
yards and, after phenol injection of the lumbar
sympathetic chain, his claudication was relieved except
for a slight ache on walking uphill.

The relative absence of symptoms produced by
a severe occlusion of this type is probably due to the
extensive collateral development possible in a young
patient.
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Pig. 75 : Composite Dlagram of Vaso~dilation Curves.

Four common itypes of vaso-dilation curve are
illustrated.

In the "normal" curve, the rise in temperature
recorded from the grest toe is rapid end soon reaches
maximuz levels.

In the "femoral' leg curve, typical of
proximal superficial femoral occlusions and shori adductor
occlusions, the rise is rapid but delayed and the curve
reaches maximum levels eventually.

In the "distal' curve typical of long femoro-
poplitesl ccclusions and those wilth poor collaterals,
the rise is delayed and incomplete.

In the Ypopliteal" curve, so-called because
of its frequent association with extensive popliteal
ccclusion threstening viability, there is virdtually no
response to reflex heating indicating that the avallable
collateral circulation is poor.




Fig. 76 : Collateral Vessels in a Short Popliteal
Occlusion : Posterior Tibial Occlusion.

Pe.le, aged 58 years, developed right sided
claudication in 1954 following a coronary artery
thrombosis. When seen in 1959, he experienced claudication
at 300 yards and, after phenol injection of the right
lumbar sympathetic chain, he was halted by anginal pain
at ¢ mile.

The arteriogram shows & short right popliteal
occlusion with large proximal end re-entrant collaterals
Joined by a network of small tortuous vessels. The
limiting collateral is small and proximal extension of
occlusion to the large collateral at the level of the
marker appears possible.

In the lower leg, & large peroneal artery and
a small anterior tibial artery are visualised. The
posterior tibial artery is occluded.




Pig. 77 : The Natural levelopment of Large Collateral
Channels.

J.F., aged 68 years, was seen in 1957 when
he complained of claudication of the right leg at 100
yards of 8 years duration.

The arteriogram shows an occlusion of the
popliteal artery with a large collateral channel
bridging the gap.

In spite of this apparently adequate
collateral channel, he obtained only minimal improvement
after phenol injection of the right lumbar sympathetic
chain.
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Fig. 78: The Collateral Circulation in Adductor Occlusion.

This arteriogram shows a short adauctor
occlusion with few collaterals arising from a narrowed
irregular superficisl femoral artery. Collatersals
derived from the profunda femoris are numerous and
numerous longitudinal collaterals which are superimposed
on the femur travel a considerable distance to establish
distal connections.

The descending branch of the lateral femoral
circumflex (artery to vastus leteralis : the 'rectus
femoris collateral') is prominent.




1957. 1960.

¥ig. 79 : The Development of Total Femoro-Popliteal
Occlusion.

W.D., aged 67 years, developed claudication
of his right leg in 1957 and arteriography of the left
leg (25.6.97) showed mild atherosclerotic changes
(illustrated on the left).

In 1960, he developed rest pain in his left
foot and on arteriography (l14.6.60) was found to have
developed a left total femoro-popliteal occlusion with
no reconstitution of the tibial arteries.

Amputation of the left leg was performed on
7.7.60 and he died from coronary artery thrombosis on
12.10.60.
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Pig. 80 : The Reflex Vaso~Dilation Curve after
Sympathectomy.

Both legs show a2 slight rise in temperature
before immersion.

The curve of the lefi leg starts high and
shows relatively little rise indicating that existing
vaso-Gllation is almost maximal due to previous lumbar
sympathectony.

The curve of the right leg shows a delayed
and incomplete rise (“"distal" type of curve - Fig.T75)
due to & long femoro-popliteal occlusion.



Fig. 81 : Collateral Development after Sympathectony.

This left femoral arteriogram was performed
three years after lumbar sympathectomy and shows a
total femoro-popliteal occlusion with an extensive
network of collateral vessels. Keconstitution of the
posterior tibial artery is excellent but there is
occlusion of the upper part of the peroneal artery and
the proximal part of the anterior tibial artery.




Fig. 82 : Occlusion of the Left Common Iliac Artery.

J.C., &8 man of 46 years, was seen in 1960
with left sided claudication at 100 yards.

Aortography shows an occlusion of the left
common iliac artery, the left external iliac artery
being visible on the second film. This common ilisc
occlusion is presumed to have originated in the common
iliac artery itself as there is evidence of a plaque in
the middle of the right common iliac artery (at the
level of the L. 4-5 disc space. )

A bypess teflon graft was successfully
inserted on 6.6.60 from aorta to left external iliac
artery but it subsequently thrombosed a few months later.




Fig. 8% : Occlusion of the kight Common and Lxternal
Iliac Arteries : Left Common Femoral Occlusion.

This aortogram shows occlusion of the right
common and external iliac arteries and the internal
iliac artery ie reconstituted through a large ilio-
lumbar anastomosis. On the left side, the common femoral
artery is occluded and there was an associated left
femoro-popliteal occlusion. In view of these multiple
lesions, no operative treatment was undertaken.

The left common iliac artery is of normal
calibre at its origin and it is presumed that the right
common and external iliac occlusion originated at the
common iliac bifurcation.
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Filg. 84 : Occlusion of the Left Common Iliac Artery.

HeG., 8ged 060 years, developed right sided
claudication at 50 yards in 19%7. Aortography shows
occlusion of the right common iliac artery, the external
iliac artery being visualised on the second {ilm.

The occlusion is believed to have originated
from & lesion at the aortic bifurcation as the left iliac
artery 1s grossly diseased at its origin.

In 1961, he developed ischaemic rest pain in
the left foot which was relieved by phenocl injection and
aortography showed that occlusion of the aorta to the
level of the renal arteries had occurred. Operative
treatment was not undertaken because of age and poor
physique.




Fig. 85 : Incipient Aortic Occlusion.

L.lH., & woman aged 60 years, complained of
bilateral claudication at 100 yards distance in 1960.

Both femoral pulses were reduced in volume
and aortography shows an atherosclerotic aorta which is
narrowed above the bifurcation. Thrombo-endarterectomy
was performed on 16.5.60 and severe stenosis of the
aorta was found, more marked than the aortogram reveals.
Since operation, her claudication has been abolished
and she has remained well to date.



Fig. 86 : Occlusion of the Left Common Iliac Artery.

G.R., aged 39 years, complained of left
sided claudication at 100 yards in 1961. The aortogram
shows occlusion of the left common iliac artery due to
a leeion arising at the aortic bifurcation.

A left aorto-iliac bypass teflon graft was
successfully inserted but the right iliac artery
thrombosed. Six months later, a second operation was
abendoned owing to intense peri-asortic fibrosis which
prevented mobilisation and the graft thrombosed 10 days
later. He now has an aortic occlusion but is able to
work as a clerk and his present claudication distance
is 150 yards.

In this aortogram, the cross-midline
anastomosis between the paired branches of the internsal
iliac arteries is beautifully demonstrated.




Fig. 87 s Aortic Occlusion to the Level of the Inferior
Mesenteric Artery.

T.McC., aged 58 years, complained of left
sided claudication at 100 yards in 1959. Both femoral
pulses were absent.

Aortography shows that the aorta is occluded
up to the level of the inferior mesenteric artery and is
reduced in diameter above this level. No treatment was
given and he is still working as & machineman.

A younger patient with a similar lesion in
which the aorta was also grossly narrowed above the
occlusion was successfully operated on in 1963.



Fig. 88 : Aortic Occlusion to the Level of the Kenal
Arteries.

In this aortogram, the abdominal aorta is
occluded up to the level of the renal arteries. The
superior mesenteric artery is large and the middle colic
artery is prominent as it courses to the left as the
source of supply to a hypertrophied marginal artery
supplying the colon.

No reconstitution of the iliac arteries was
seen on the late film but, in spite of this extensive
occlusion, the patient, J.C. aged 59 years, suffered
from claudication only and both feet were healthy.




Fig. 89 : Stenosis of the Right Common Iliac Artery.

Je.Aey 8ged 51 yeare, complained of right
sided claudication at 200 yards in 1962 and the right
femoral pulse was weak,

In the aortogram, the density of the dye
column in the right common iliac artery is poor. At
operation (Fig.l22), the lesion illustrated in Fig.33
was removed by thrombo-endarterectomy. The femoral and
popliteal arteries were patent (Fig.4) and he has
remained free of symptoms to date.




Fig. 90: Incipient Occlusion of the kight Common Iliac
Artery.

J.McB., & young diabetic aged 30 years,
developed right sided claudication at 200 yards in 1957.

Aortography shows an incomplete lesion of the
right comnmon iliac artery and there is a smell niche in
the medial wall of the left common iliac artery.
Narrowing at the left common iliac bifurcation is also
present.,

Operation was not undertaken in this patient
as he was able to walk 2 miles at a fast pace after
phenol injection of the right lumbar sympathetic chain
and he has remained well to date.




F' o 91 : Occlusion of the RKight External Iliac Artery :
Left Common Iliac bBifurcation Stenosis.

This aortogram shows occlusion of the right
kternal iliac artery and a collaterel circulation has
jeen developed through the obturator artery.

A lesion producing stenoais can be seen on
the left side and careful scrutiny of the superimposed
external and internal iliac srteries suggests that the
lesion is arising at the common iliac bifurcation.



Fig. 92 : Occlusion of the Left External Iliac Artery.

This aortogram illustrates an occlusion of
the left external iliac artery which aleo involves the
left common femoral artery. The left internal iliac is
hypertrophied and anastomoses through its obturator
branch with the medial femoral circumflex artery which
reconstitutes the supertficial femoral artery. The left
profunda femoris is not well visualised.

The right internal iliac artery is=mall and
a notch on the lateral wall of the common iliac artery
can be seen opposite its origin.



FPig. 93 : Occlusion of the Left Common Femoral Artery.

In this aortogram, the left common femoral
artery is occluded and the superficial and deep femoral
arteries are separate. Occlusion extends up to the origin
from the external iliac artery of the deep circumflex
iliac artery (a) and the inferior epigastric artery (b)
which forms & U before passing upwards and medially.

Numerous collateral vesgels surround the
obturator foramen but most of the dye has left the
obturator artery wnich is not easily distinguishable.



Fig. 94 : Occlusion of the Internal Iliac Artery.

On the left side, the proximal 2 cms. of the
internal iliac artery are occluded and the reduced density
of the dye shadow at the comnmon iliac bifurcation
indicates a plague which is the probable source of the
occlusion.,

On the right side, the internal iliac artery
is narrowed at its origin and eventual occlusion appears
probable.

A noteh in the lateral wall of the right
common iliac artery and a less intense dye shadow at
this level indicates the presence of an atherosclerotic
plaque.

This patient complained of bilateral
buttock claudication only and all the pulses were
palpable in both legs.
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Pigs 95 ¢ Distribution of the Lower Level of Occlusion in
91 Oceclusions extending to the Common Femoral
Junction.

In this histogram, the lower level of the
91 femoro-popliteal occlusions extending upwards Lo the
level of the common femoral junction ls recorded.

The majority extend from the adductor region
(14-20 cms.) but many others involve the upper part of
the popliteal artery (4-1% cms.) and two reach the
popliteal bifurcation (~5cmS.).




Fig. 96 : Incipient Occlusion at the Adductor Opening.

In this arteriogram, severe stenosis at the
level of the adductor opening is seen and the descending
genicular branch arises just below the lesion.

At operation, recent thrombosis was found
to have occurred proximal to this level (¥Fig.97) and
thrombo-endarterectomy was performed through a long
arteriotomy (Fig.l126). Unfortunately, the artery
thrombosed a few weeks later. Further arteriography
showed & long femoro-popliteal occlusion but his present
claudication distance (200 yards) is no worse than
before operation.




Fig. 97 : Kecent Thrombosis in the Superficial Femoral
Artery.

The left superficial femoral artery has been
exposed by a long oblique incision in the thigh. The
collateral vessels have been dissected free and are
indicated by the black silk loops passed round them.

The lesion illustrated in Fig.96 is seen as a firm
whitish plaque near the distal end of the arterial
incision and recent thrombus is seen to lie proximal to
the lesion. This thrombus was not adherent to the vessel
wall and was easily extracted from the upper part of the
artery.
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Pig. 98 3 Diggrammatic Representation of 295 Pemoro~
Popliteal Occlusions.
Each occlusion is represented in this disgram by
8 dot placed according to its length and the lower level
of occlusion. If the division beiween the femoral and
popliteal arteries is taken as 13-14 ems., occlusions to
the right of the vertical line affect only the superficisl
femoral aritery.
The oblique line is drawn from & point between
18 and 19 cms. on the ordinste (i.e. 13~14 cns. above
knee joint level) to hhe base of the vexrtical line, and -
the occlusions below the oblique 1line ilunvolve only the
popliteal artery.
Qcclusions above the obligue line and to the left
of the vertical line affect portions of both arteries il.e.
they are femoro-popliteal occlusions.
The tendency for the observations to aggregate
in groups permits the identification and clessification
0f certain common types of occluslon.



Fig. 99 : Long Superficial Femoral Occlusion.

In this arteriogram, most of the superficial
femoral artery is occluded and reconstitution occurs
through collateral vessels anastomosing with the profunda
femoris. The popliteal artery is relatively healthy.

The lower level of occlusion is at 18 cms.
above the knee joint level and the length of the
occlusion (to the common femoral junction) is
approximately 22 cms. i.e. it is classified as a long
superficial femoral occlusion.




Fig. 100 : Total Popliteal Occlusion.

G.K., aged 52 years, complained of bilateral
claudication in 1960. The left femoral pulse was absent
and aortography showed occlusion of the left common
femoral artery (Fig.93).

The film of the right leg illustrated here
shows an occlusion of most of the popliteal artery.

The saphenous artery and other collateral vessels
course downwards but no reconstitution of the popliteal
artery is visible.



Fig. 101 : Short Popliteal Occlusion.

This arteriogrem illustrates a typical
occluaion of the upper part of the right popliteal
artery. It is limited above by the descending genicular
and saphenous arteries and below by the lateral superior
genicular artery and the sural arteries.

This patient, k.Y., aged 62 years, complained
of right sided claudication in 1959. Late in 1959 he
developed angina of effort and in 1961 an occlusion of
the opposite leg. This tendency to develop multiple
lesions is typical of many atherosclerotic patients.
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In this disgram, the various types of
femoro~popliteal occlusion described in the text are
drawn againat the 4% cm. scale to indicate their
gituation,

The short adductor occlusion shown
(16-22 cms.) could egqually well be represented by =&
variety of lines proximal or distal to the one dllustrated
as there is a large varistliou in the site 0f these
occlusions {(#ig.98).
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Fig, 10% : The lelationship beiween the Profunda Femoris

Artery and Long (cclusionsg.

In this diagrem, the profunda femoris is
drawn in relation to o long superficial femoral oceclusion
on the lefi and s long femoro~popliteal occlusion on tho
rlght. The available collaterals in the former are
theoretically more numerous than those available in the

latter.




Fig, 104 : Low Popliteal Occlusion.

G.G., aged 68 years, had experienced bilateral
claudication at 200 yards for seven years when first
seen.

Arteriography shows symmetrical low popliteal
occlusions with extensive development of collateral
vessels derived from the sural arteries. There is a
remarkable degree of symmetry in the two lesions and in
the pattern of the collateral circulation.




Fig. 105 : Total Popliteal Occlusion.

This arteriogram shows an occlusion of the
popliteal artery from the adductor opening downwards.
Occlusion of the popliteal artery was complete and the
proximal half of the posterior tibial artery was also
occluded.

A large saphenous artery is visible and this

was felt to pulsate during clinical examination of the
patient.
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Pig. 106 3 Occlusions of the Posterior Tiblal Artery.
177 Occlusions of the posterior tibial ertery

hoave been clagsified in 11 petierns snd the frequency of

each type ls shown by the number below each diagram.

In $he interests of clarity, associsted occlusionsg of
the anterior tibvial and peroneal arteriecs are not shown.



Fig. 107 3 Occlusion of the Posterior Tibial and Peroneal
Arteries.

In this arteriogram, the anterior tibial
artery is the only patent lower leg artery and shows
minor atherosclerotic changes. The posterior tibial
and peroneal arteries are occluded and there is only
a trace of dye in the posterior tibial stem which is
virtually occluded.



Fig. 108 : Occlusion of the Posterior Tibial Artery.

In this arteriogram, there is a faint dye
shadow in the proximeal part of the posterior tibial
artery but thie peters out and the course of the rest
of the vessel is shown by & line of irregular
calcification. Keconstitution occurs above the level of

the ankle joint from collateral vessels derived from the
peroneal artery.




Fig. 109 : Occlusion of the Posterior Tibial Artery.

There is diffuse atherosclerosis of the
lower leg vessels and the peroneal artery is the main
source of supply to the foot. The posterior tibial
artery is patent at its origin but gradually narrows
and is occluaed after a course of about 10 cms. The
anterior tibial artery ie patent but its course 1is
obscured by superimposition on the cortex of the tibia.




Fig. 110 : Occlusion of the Anterior Tibial and Peroneal
Arteries.

In this arteriogram, the anterior tibial
artery is occluded after a short course and the peroneal
artery is not visible. The posterior tibial artery is
the only patent vessel and this combination of anterior
tibial/peroneal occlusion was found in only three cases.



Fig. 111 : Incipient Occlusion of the Anterior Tibial
Artery : Occlusion of the Peroneal Artery.

The anterior tibial artery is patent but 1is
narrowed where its shadow overlies the medulla of the
fibula. Progression of this lesion is likely to produce
the typical occlusion (Fig.1l10) where the vessel is
occluded after a short course.

Occlusion of the peroneal artery is present
and the posterior tibial artery is patent.




Fig. 112 : Symmetrical Femoro-~Popliteal Occlusions.

Bilaterel femoral arteriography in this
patient (J.McG., aged 56 years) shows occlusion of the
lowest part of the superficial femoral artery and the
whole of the popliteal artery in both legs. Heconstitution
of the tibial vessels occurred and he experienced
bilateral claudication at 100 yards.

There ies evidence of symmetry in regard to
the length of artery occluded and the appearances of the
limiting collaterals issuing from the lower end of the
patent segments.




Fige. 113 : Symmetrical Multiple Occlusion in the Lower
Leg.

In this female patient, both femoral and
popliteal arteries were patent but the lesions in both
lower legs were multiple. There is bilateral occlusion
of all three lower leg vessels with reconstitution of
the peroneal artery at corresponding levels, and the
pattern of the collateral circulation is virtually
identical.



Fig. 114 : Symmetrical Multiple Occlusion in the Lower
Leg.

In this elderly man, both femoral and
popliteal arteries were patent. The pattern of arterial
occlusion in both lower legs is similar and lesions of
all three arteries are present. The appearances of the
two legs resemble each other sufficiently as to be
classified as symmetrical lesions.




1960. 1959.

Fige 115 : Lymetrical ohort Adductor Occlusions.,

Jd.Hey aged 47 years, complained of left sided
clauaication in 1959 and arteriography revealed a short
adauctor occlusion (illustrated on the right of the
photograph) .

In 1960, he developed bilateral claudication
and was found to have an occlusion in the right leg
similar to that in the left leg.

these two occlusions occurred at intervals of
one year and it arpears that his lesions were originally
symmetrical although, at the time of the first occlusion
in 1959, asymmetry was present.



Fig. 116 : Symmetrical Superficial Femoral Occlusions.

A.B., aged 56 years, complained of bilateral
claudication at 100 yards in 195%8. Before investigation
was commenced, he developed ischaemic rest pain in the
left foot which was not relieved by sympathectomy and
below knee amputation was necessary.

Bilateral femoral arteriography after the
onset of rest pain shows symmetricel long superficial
femoral occlusions and an additional popliteal occlusion
on the left. The latter occlusion is believed to have
occurred after hie first attendance i.e. his lesions
were initially symmetrical.



Fige. 117 : Bilateral Femoro-Fopliteal (cclusion.

Bilateral fenoral arteriograms of this
patient (r.C., aged 69 years) show a symmetrical pattern
in the thighs. Both superficial femoral arteries are
grossly diseased proximally and there is a femoro-
popliteal occlusion in each leg. Although the main
channel is reconstituted at a higher level on the left
side, the pattern of the collateral circulation in each
leg is very similar.



Fig. 118 : Occlusion of the Anterior and Posterior Tibial
Arteries :"FPeroneal Leg".

This arteriogram shows the vessels in the
left lower leg of the patient illustrated in Fig.ll7,
the arteries of the right lower leg being patent.

The anterior and posterior tibial arteries
are occluded and the blood supply to the foot is carried
by a large peroneal artery. This terminates above the
ankle joint in a number of collateral vessels from which
the dorsalis pedis artery is reconstituted.



Figes 119 : Incipient left Superficial Femoral (Occlusion.

The left arteriogram in this patient
(J.P., aged 47 years) shows narrowing of the superficial
femoral artery due to & large plagque. There are
atherosclerotic changes only on the right side and the
lower leg films are reproduced in Fig.l20.

This patient experienced bilateral
claudication at 200 yards which was more severe in the
left leg. A left selective nerve crush was performed in
1959 and he was subsequently able to walk 2 miles before
the onset of pain and he has remained well to date.



Fig. 120 : Occlusion of the kight Anterior Tibial and
Yeroneal Arteries : Occlusion of the Left
Anterior Tibial Artery.

The upper films of this patient are
illustrated in Fig.l1l9.

The right lower leg filme show some
irregularity of the posterior tibial artery near its
origin, occlusion of the peroneal artery and occlusion
of the anterior tibial artery in ite uprer half.

The left anterior tibial artery is occluded
after a short course and the other two arteries are
patent.
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Pige 121 : Age Distribution of Petients with Imtermittent
Claudication.

In this figure, the percentage distribution
by age groups has been charted foxr 67 pstients with
sorto~iliac occlugion and 305 patients with femoro-
popliteal and tiblal occlusion.

There appear 10 be two peaks in the aorto-
iliac curve and the distribution of observetions in this
sroup suggests that & large proportlion experience
gymptoms relatively early in life when compared with
femoro=popliteal occlusions.



Fig. 122 : Thrombo-kndarterectomy of the hkight Common
Iliac Artery.

In this operation photograph, the lesion
illustrated in Fig.89 has been exposed by incision of
the right common iliac artery (Fig.33) and thrombo-
endarterectomy has been performed.

The dissecting forceps is holding the medial
wall of the artery and a dark red patch 1 cm. from the
tip of the forceps is the orifice of the internal iliac
artery from which a calcified plug hae been removed.

Dissection was commenced at the origin of
the external iliac artery and the lesion was stripped up
and excised leaving white intima at the upper end and a
glistening attenuated medial coat where the lesion was
removed.
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Fig. 12% 3 Results of Thrombo-Endarterectomy in PFive
Patlents with Intermittent Claudication.

These five patients had relatively early
lesions end the results of operstion have been good as
Judged by the patency rate and the freedom from sympbtons
in fouy patients. The lesions of the lst and 3rd patients
are illusireated in Figs. 85 and 89 respectively.

The lesgion in the second patient is illustrat-
ed in Pig.8 and, after fallure of the thrombo- endarter-—
ectomy, she developed aortic occlusion up to the level
of the renal srteries and appears in Fig.1l2% as the third
patient. A bilateral aortic greafit was also unsuccessful
and she died fyom haswmorrhage.
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rig, 124 : The Results of Unilateral Bypass Teflon
Grafts in 21 Patients with Intermittent
Claudication due to Common Ilisc Occlusion.

The results sre good and there wag no
operative mortality.

16 (76%) are still patent although the
follow-up in three patients is less than one year.

However, seven of these sixteen s8till have
gynptoms although the graft is patent. Two had known
distal ocelusion at the tims of operation, three have
subsequently developed femoro-popliteal ocelusion, and
two have mild residual symptoms although all vessels are
known to be pateant.
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Fig. 125 : Kesulis in 14 cases of Bilateral Bypass Teflon
Grafts periormed for Intermititent Claudication.

These patients had aoritic occlusion, aortic
blfurcation lesions or bilateral common i1lisc lesions.
The operative mortality is high and the causes of death
are discussed in Cheapter 12.

A11 the grafis in the 10 survivors were
patent at the time of discharge from hospital but one
thrombosed after 2 yeasrs snd snother patient (MNeo.7) has
developed a femoro-popliteal oecclusion. The lagt patient
had a known distal occlusion at the time of operation
and the resmaining seven are symptonm free.



Fig. 126 : Thrombo-Endarterectomy of the Superficial
Femoral Artery.

The lesion illustrated in Figs. 96 and 97
has been exposed by & long arteriotomy and dissection
has been commenced below the stenotic sarea. About 3 ins.
of thickened intima were removed together with recent
thrombus and the artery was reconstituted by a long
continuous suture.

Re-thrombosis occurred a few months later
and he has an occlusion of the whole length of the
superficial femoral artery. In spite of this, his
claudication distance has not decreased and he is able
to continue working.




