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FOREWORD

MBOLIC obstruction of the mam arteries of the limbs has mterested

physicians and surgeons for at least 250 years. In theory, the treatment of

choice should be surgical because removal of the embolus is the only way
m which a normal circulation can be restored, but 1n practice physicians and
surgeons interested mn peripheral artertal diseases have treated many of their
patients without operatron.  This monograph, based upon an extensive personal
expenence, describes the train of events both’ clinical and pathological which fol-
low embolic obstruction of the arteries of the limbs and goes a long way towards
establishing a rational approach to the problem of treatment.

A gap 1n our knowledge of peripheral arteral disease has been a careful and
detailed study of the climcal picture and eventual outcome in a large group of
patients with an embolic obstruction of an artery in the limbs. Physicians and
surgeons have so far had to rely upon a limited personal experience or on written
opuons which have not always been backed by adequate factual information
This want has now been met.

Dr Jacobs concludes his discussion with a list of 24 main conclusions and
all of these contain mformation of great value to those who undertake the care of
pattents with arterial emboli, As a surgeon I have found the selection of patients
for operation to be the crux of the problem. Many patients develop spontaneously
or as a result of conservative treatment an efficient collateral circulation, the
problem 1s to predict when this is not going to happen. Dr Jacobs gives the
answer in one clear and concise sentence  ‘ m limbs with adequate collateral
circulation, signs of grave ischaemia do not persist for more than two hours after
onset’ It is the number of clear, informative, well thought out and useful
statements of this type that makes this book such a valuable contribution The
author 1s to be congratulated.

C.G.ROB






PREFACE

HERE have been numerous published studies of Limb ermbolism but nearly

all of them have relied on case material collected from the records of

many different observers  The present study is based on clinical and mor-
bid anatomical material gathered over aperiod of sixteen years by a single observer.
As far as possible, clinical observations have been verified by detailed post-mortem
study, errors n diagnosis and prognosis have been analysed and early clinical
signs have been correlated with the final outcome.  An attempt has been made to
assess the value of various methods of treatment by comparison of the outcome
n treated and untreated cases, A summary of the main conclusions is given in the
final chapter.

I am grateful to the London County Council, who made part of the work
possible by providing X-ray facilities for me in the autopsy department at the
Whittington Hospital. My thanks are also due to a number of my colleagues at the
Hospital, Many of them kindly allowed me to see cases of vascular occluston
in their wards and for this I am indebted to Dr Michael Ashby, Dr Amold
Bloom, Professor W. W. Davey, Dr A N. Exton-Smuth, Dr T St M Norris,
Dr H. E S, Pearson and Mr ]. Marshall Scott Dr A. B Bratton and Dr S.
Robi and their coll of the Histological Department carried out some
of the autopsies and mounted and photographed autopsy specimens. Pathological
tests were performed by Dr J. M. Alston and his colleagues in the Group Clinical
Laboratory. My former senior registrar Dr K. C. Robinson and a long series of
my house physicians have helped me in the clinical observation of my patients.

Miss K R. Askwith and other members of the radiographic staff have given
me much help with the processing of X-ray material and our photographer Miss
Ehzabeth Mason has been most generous with her me and skill. Mr E. F.
Baldwin assisted me with the practical work of post-mortem arteriography and
my secretary Miss S. Glushanock has helped me in mnumerable ways.

I would also like to acknowledge the courtesy and patience shown by
Messrs E. and S. Livingstone and particularly by Mr Charles Macrmillan.

1959 A. L. JACOBS
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Historical Note

this that the first references to arterial embolism began to appear in

medical writings. One of the earliest 15 that of Williani Gould of
Oxford, 1n whose paper * An account of a Polypus found in the heart of a person
chat died Eptrepmicar at Oxon * (1684) the following passage appears:

I l ARVEY’S De Motu Cordrs was published in 1628 and 1t was not long after

an Apoplexy insues; which disease will also more dangerously happen, when
some particles of a polypus in the left ventricle of the heart, broken off by the violent stream
of blood, shall be impacted into the carotid artertes at thewr nsertion into the brain, whence
all intercourse of spirits will irrecoverably be stopt

The same 1dea is expounded in the Commentaria of Gerard van Swieten of
Leyden (1742), for example in Section 1o10:

1t was proved from several observations that those polypt sometimes grew to the
fleshy pillars of the heart, and afterwards happen to be separated from thence, and be
propelled together with the blood nto the pulmonary artery, or the aorta, and its
larger branches, so as either to streighten them very much, or entirely stop them up.
. and 1f they happen to stick in the carotid and vertebral artertes, they must disturb
the functions of the bram, and entirely abolish them, 1f they altogether intercept the

passage of the arteral blood to that organ
(English translation, London, 1744)

Senac (1749) described the process of thrombosis, distinguished between
ante-mortem and post-mortem clots and gave a good account of the process of
artenial embolism.

In 1776, Jussieu, Paulet, Smllant and Tessier presented at the Académie
Royale de Médecine, Pans, a paper entitled ‘Mémoire sur les gangrénes des
membres dans les affections cardiaques et vasculaires *  Legroux (1827) pointed
to the resemblance between a blood-clot found in the left auricle and one oc-
cluding the brachial artery and suggested that the latter was a detached fragment
of the former. In 1856 he also descnibed a chimcal case of penipheral embolism
which he had observed 1n 1836. In 1828, Alibert published a Paris thesis en-
tided: Occlusion peu connue des varsseaux artériels considérée comme cause de gangréne.

A 1



ARTERIAL EMBOLISM IN THE LIMBS

The foundations of our knowledge of the morbid anatomy of arterial em-
bolism were laid by Virchow 1n a series of classical publications beginning in
1846 and it was he who first used the term * embolism *. The follow ing concise
and lucid description is from Beitrage zur speaellen Pathologre und Therapte (1854):

In contradistinction to locally formed thrombus, due to clotting of the blood in
sttu, 1 resenve for the clot which migrates (or rather is propelled) 1nto a more distant
vessel the term ‘ Embolus . This distinctton 15 the more necessary 1 that bodies
other than blood-clots, ¢ g. fragments of degenerated heart valves, may be carried into
remote vessels  Further, as I have descnibed in detarl elsewhere, the impacted clot
serves as a nucleus for the formation of new clot i its neighbourhood, so that we sery
c ly find the embol losed within a much larger thrombus  (P. 167 )

The site of the embolism depends upon the relation between the size of the
detached body and the diameter of the sessel  large bodes are soon held and impacted
in larger branches, while smaller ones are carried further, sometimes mto very fine
branches, (P 167)

As I described previously, embol cause a partial obliteration of the vessel, which
is patent immedhately above and below, and at the outset the clots he quite unattached
wats lumen.  Emboli can be distinguished from locally formed thrombi by the follow-
ing characteristics. they lie quite loosely 1n a vessel with a perfectly healthy wall,
yet they show evidence of considerable age. (P, 168 )

During the same period, and apparently without knowledge of Virchow’s
work, Kirkes of St Bartholomew ’s Hospital was investigating the same problem
and the results of hus studies appeared 1n an admirable paper in 1852 He gave
descriptions, both clinical and post-mortem, of several typical cases of multiple
embolism, exemplifying all the forms: cerebral, peripheral, visceral and pul-
monary. Kirkes also described * micro-embolism * in endocarditis and embolism
from thrombosed aneurysm  Rokitansky (1842-6) had already described vis-
ceral mfarcts and had emphasised their association with endocarditis but he
thought the thromb: were formed locally

During the second half of the mineteenth century, clinical and post-mortem
accounts of embolism acc Tated n the | ¢, for those of Tufnell
(Dublin, 18¢3), Gaultier de Claubry (Paris, ?1853), Schultzenberger (Stras-
bourg, 1856), Wilkin (Staplehurst, 1868) and Duguet (Panis, 1879). In 1860,
Cohn of Berlin published a comprehensive work on * embolic vascular disease *,
Beaudet of Paris published his much-quoted thesis: Gangréne des membres dans les
affectrons cardiaques in 1882, The earliest account of ischaemic muscle paralysis
and contracture seems to be that of Chvostek (1892).

One of the earliest attempts at treatment was made by Deroyer of Paris in
1880, He treated a case of aortic embolism by external massage, with the arm
of driving the thrombus down into the iluac arterses, w here he thought 1t would
offer less threat to the circulation of the lower imbs,  The first true operation
for embolus was carried out by Sabaneyes of §t Petersburg in 1895. Heattempted
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HISTORYCAL NOTE

embolectomy in a woman of 28 years, suffering from ulcerathe endocarditis.
After the femoral artery had been opened, the patient collapsed and it had to be
resutured without removal of the embolus but she survived 19 days and autopsy
revealed no secondary thrombosts at the se of the arteriotomy.  The first com-
pleted embolectomy was performed by Moynthan 1 1903 (recorded in 1907).
He remosed an embolus from the popliteal artery in 2 woman of 41 years but
the result 1s not fully described m s paper.  Another early British embolectomy
was performed by Sarapson Handley, who devised the operative technique of
retrograde aspiration eraployed some years later by the Swedish surgeons.
Other early attempts at embolectomy were made by Doberauer (Prague, 1307),
Stewart (LL.5.A., 1907) and Murphy (U S A., 1908).

The first pletely ful embol y (femoral) was the achieve-
ment of Georges Labey of Paris in 1gr1. Mosny and Dumont (1911, in report-
g this case, gave principles of indication for the aperation which would prob-
ably be acceptable to many surgeons of today:

Vascular embolism may therefore now be reckened among the medico-surgical
disorders, provided certamn condittons be satusfied: that operation be undertaken
without delay, that the embolus be aseptic and casly accessible, that the patient be
young and his artenies healthy

After this French success, the operation was taken up with bnltiant enter-
puse and technical skill by the Swedish surgeons, Emar Key foremost among
them, In hus classical paper of 1922, the first comprehensie work on embol-
ectamy, Key gave detatks of esght cases operated upon by himself, together with
3 number from other Swedish surgeons  About the same time Bull (31921)
pubhished an account of the morbid amatomy of himb embolism, based on the
records of 15 cases found among more than 6,000 autopsies at Oslo.  Bauer of
Malmo successfully remosed an embolus from the aortic bifurcation i 1g13.
Despite the poncer work of Moymhan and Sampson Handley, the first successful
British embolectomy was not recorded untik 1925, by Jefferson of Manchester.

The work of the Swedish surgeons aroused great interest n embohsm and
a total of 382 Swedish operations had been recorded by 1936 Numerous papers
began to appear 1 other countries and many of them concerned themsehes
mamly with the possitilities of embolectorny (¢ g Mason and Warren (1937),
Pearse (1933), Danzis (1933}, Nystrom (1936) )  An admursble monograph,
giving a more comprehensive account of the subject was published i 1937 by
Haimosici of Marsertles  The more recent general works on peripheral embolism
include those of McClure and Harkns (S A, 1943), Reynolds and Jirka
(US A, 1944), Leniche (France, 1947), Warren and Linton (U S A., 1948),
Hamovies (ULS A, 1950), Richards (U K., 1954) and Jepson (UK., 194¢).

The theory of embolic arteriospasm seems to have been conceived during
the pertod 15to-25 by 2 number of different obsenvers, partly as a result of

3



ARTERIAL EMBOLISM IN THE LIMBS

aobsertations at embolectomy, partly from experimental observations such as
those of Ebbecke (1923). This theory has always presented great attractions to
the French surgeons, many of whom regard arterial spasm as the main factor in
the production of ischaemia. The operation of arteriectomy, designed to
remove possible sources of irritation m the adventitial nervous plexus, which
were believed to excite reflex vasospasm, was initiated by Tixier in 1907 and
Leriche advocated 1t as a treatment for embolism, when seen too late for embol-
ectomy. This operation has never found much favour in Britain or the U S.A.
In some recent publications, the theory of embolsc arteriospasm 15 regarded
with more scepticism (Richards (1ag4), Jepson (1955) ).

Interest 1 the vasomotor aspects of arterial 1schaemua led the French sur-
geons to apply methods of abrogation of the sympathetic nerve supply of the
limbs, esther surgrcal extirpation of the lumbar or cervical gangla or infiltration
with local anaesthetics, and their imtiative has been widely followed elsewhere

Attempts have also been made to nfluence vasomotor reactions in embolism
by the use of chemical vaso-dilators  Villaret and Justin-Bezangon (1926) used
acetyl-choline and papaverine (suggested for the treatment of traumatic arterial
spasm by Schaffer 1n 1921) was introduced for the treatment of embolism by
Denk 1n 1934 In recent years the benzylimidazoline dervatives have also been
used (Zothe (1939), Singer (1940) ).

This * physiological * approach to the problem of embolism Ied to an un-
warrantable disregard of the anatomical aspects of collateral circulation, especially
among French observers  Leriche went so far as to discount the classical wnit-
ings of the eighteenth-century on artertal anastomoses. On the bast
of a study made by dissection of 18 foetuses (Rassat (1922) ), Leriche declared
that the macroscopic anastomoses described by anatomusts were largely non-
existent and that collateral circulation must depend upon mmute arterial rami-
fications of “ pre-capillary * order  During the past thirty years the classical
anatomical teachings have been vindicated (e g. by Olovson (1941} ), though
our knowledge of natural and pathological sariations m the anatomy af collateral
arrculation 1s still very incomplete.

The introduction of anticoagulant therapy offered a method of combating
consecutive thrombosis 1 embolism.  Heparin, discovered mn 1918 by Howell
and MacLean, was hrst used i human therapy by Craafoord of Stockbolm in 1937.
Dicoumarol, discovered by Link and his colleagues in 1941, was first used in
the treatment of thrombosis by Allen, Barker and Waugh (1942) and it has been
succeeded by other oral anticoagulants.

In the period following the First World War, numerous special technical
aids hase been ntroduced for the study of vascular disorders.  They include the
aneroid oscillometer (Pachon (1909), Cawadias (1916) ), capillary microscopy

(Lombard (1912}, Wenss (1916), Denk (1934) ), arteriography (Dos S.!n('(n
(1929) ), the fluorescem test (Herrlin, Glasser and Lange (1942) ), the radio-
4
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active sodium test (Smith and Quimby (1345) ) and the tonosallometer (Ejrup
(1944) ). Most of these technical aids have been applied to the study of Limb
embohsm but they have not contributed greatly to diagnosis or assessment,
which stil] rest on relatively simple methods of clinical ination

Apart from new methods of study and therapy, there has been some broad-
ening of our chinical und ding of the p logy, course and prognosts
of acute arterial occlusi The possibility of spo recovery was well
recognised by early observers, for example Goadisson (1818) and Barth (1837),
who both described cases of occlusion of the aortic bifsrcation without gang-
rene.  Attention was redirected to 1t by some of the French wrrters (Roque
and Chalier (1909), Fiolle (r936), Humowics (1537)) A further advance m
chmical understanding, illuminated by experience of aw-raid mjuries in the
Second World War, was recogmition of the fact that 1schaemic muscle necrosis
in embolism, apart from 1ts local effects 1 the limb, can occasionally produce
renal * crush syndroms * 1o the acute stage (Glen (1941), Guthkelch (3943),
Bywaters and Stead {(1945) ).

Despite the deselopments of the past thirty years, the present position of
Trmb embolism as a chinical and therapeutic problem s not aitogether clear and
there 15 stalf much difference of opinion on the value of various forms of treat-
ment, The attitude to embolectomy varies from enthusiasm (* One of the mast
satisfactory operatzons that can be performed. | . (Key, 1936) ) to disilluston-
ment (* , cette opération décerante et 1lusoire * (Grégoire, 1939) ) There
are many publications i which large numbers of cases have been studied but 1n
nearly all of them the cases hase been collected from records made by many
different observers  Among problems which still remam incompletely resolved
are.

The general incidence of limb embolism.

Special aetiological factors

Diagnostic problems, especially local of an embok

The causation, extent and mnfh of ive thromb

Natural recovery rates in embolism at different sites

The genesis of sschaemia, the roles of anatermeal vanations and of vasomotor
factors.

The effect of treatment and the place of embolectomy.

In the present study these problems have been approached, not by the
application of any new techmecal methods but by clinicat and morbid anatomical
study of a sertes of cases of hmb embolism, all of them under the care of 2 single
observer  The conclusions drawn are based almost entirely upon this persamal
experience,



II

Material and Methods of Study

HE present study 1s based on clinical and morbid anatomical material
observed at three general hospitals 1n London during the period 1938 to
1954. The material comprises three mamn groups:

1. A series of clinical cases of mb embolism.

2. A further series of patients suffering from mitral stenosis, examined for
evidence of old arterial occlusions in the Imbs and compared with a
contral series of patients without heart disease

3. An anatomical study of arterial collaterals made on human cadavers by
post-mortem arteriography.

Clinical cases of limb embolism

The general nature of this material is shawn in Table 1. There were 122
incidents of imb embolism 1n 65 patients. 69 of these incidents were seen in
the acute ischaemic phase (1.e. within 7 days of onset). There were gg deaths
and 48 autopsies. In a majority of the autopstes a full dissection of the affected
limb artertes was made to determine the nature, sites and extent of the occlu-
sions. In a certain number, post-mortem arteriography was carried out before
the autopsy and the arteriograms were compared with the arterial specimens
subsequently dissected.

TABLE 1
Chimcal cases of hmb embolism
Total number of patients &
Surviving at time of report N
Dead at time of report. 55
Number of autopsies. 48

Number of embolic incidents

Anatomically senfied 8¢
Fstablished on strong clincal grounds 30
Doubtful embolism: 3
* Pseudo-embolism *: 4

Total: JE



MATERIAL AND METHODS QF STUDY

Stage of abservation:

Seen wichin 1 hours of ensct * 33 incdenes
Seen 1o to 14 hours after anser 14 incdents
Seens 14 ta 48 hours after onset- 10 nckdents
Seen 2 to ¥ days afier onser 11 mcudents
Seen 7 to 14 days after onset: 5 weadents
Seen more thar 14 days after onset 48 ynuidents
Totals 122 sncrdents
Multphasty of embolic inaidents
One recogrsible embolic wesdent 32 panents
Twe recogurable embohc weidents 15 passents
Three recogaisable embotie ncidents Yo patients
Your recogmisable embohic maidents 1 pattents

** Onsct * wn this snd afl sabsequent pages means the anser of acute ischacre symptowms

The chnical material has been analysed for information relating to various
problems:

Astology: Chapter IV
General morbid anatomy:  Chapter V
Clinical features: Chapter V1
Diagnosis Chapter Vit
Qurcome and progaosts Chapter VIl
Treatment: Chapter Xi{

Evidence of old arterial occlusions in mitral

in addition to the cases of Jimb embohsm observed chmically, a further
series of 269 patients, all suffermg from rmtral stenosms, were examined for
evdence of old ocelusions in the hmb arterres. The findings are compared with
a contro} serres of oo pabents n the same age and sex grouping, not suffering
from heart disease. In the pattents with matral stenosts the history was also
enquired ite, to determine whether there had been any acute or chronic schae-
e symptoms i the past

Approximately 2,900 autopsy records m one hospstal were examined to
determine the incidence of viscersl embolism i cases showing evidence of
mutral stenosis.

These two groups of material are discussed in Chaprer W1

Anatomical study of arterial collaterals
Chinical experience shows great varation i the ischaemic effects and out-
come of embohe arterial occlusions m the kmbs  One smportant consideration
15 the possibility of variation, natural or pathologieal, in the extent of anatormcat
deselopment of artenal collaterals at different sites and in different persons. To
¥
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Material and Methods of Study

HE present study is based on chinical and morbid anatomical material
observed at three general hospitals 1n London during the period 1938 to
1954.  The maternal comprises three main groups:

t A senes of clinical cases of limb embolism,

2. A further series of patients suflering from mitral stenosis, exarmined for
evidence of old arterial occlusions in the limbs and compared with 2
control series of patients without heart discase.

3. An anatomical study of arterial collaterals made on human cadavers by
post-mortem artertography.

Clinical cases of limb embolism

The general nature of this material is shown in Table r. There were 122
incidents of limb embolism 1n 69 patients, 69 of these mcidents were seen i
the acute 1schaemic phase (1., within 7 days of onset). There were 55 deaths
and 48 autopsies. In a majonity of the autopsies a full dissection of the affected
limb arteries was made to determine the nature, sites and extent of the occlu-
sions  In 2 certain number, post-mortem arteriography was carried out before
the autopsy and the arteriograms were compared with the arterial specimens
subsequently dissected,

TABLE 1
Clnical cases of limb embolism
Total number of patrents 69
Surviving at time of report "®
Dead at time of report* 55
Number of autopstes 48
Number of embolic incidents
Anatorically verified 85
Established on strong clinical grounds- 30
Doubtful embolism 3
¢ Pseudo-embolism ’: 4
Total. 122
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The Incidence of Limb Embolism
in Mitral Stenosis

OST writings on b embolism are based on the obseration of
Mpments admitted to hospital for acute ischaermic symptoms or those
who have developed such symptoms while already 1 hospital for treat-

ment of heart disease  During the course of this study, some patients of the
fatter type were seen in whom the 1schaene symptoms were mild and transient
and who appeared likely to recover even without treatment {e.g Cases Nos 11
(R axillary), 20 (L commonilnc), 34 (R common femoral), go (L. brachwly,
56 (L. 2ullary), 75 (R. brachuly ).

it was akso noted durmg routine exammation of patients with mitral stenosss
that some of them showed pulse deficiencies, particularly i the Jower himbs
Hamovits {1950) and Richards {1954) have recorded observations of this kind
Enquiry 1nto the history of such patients sometumes disclosed that they had had
acute or chrome ischaemme symptoms in the past

With the aim of acquirtag some wformation on the general incidence of
Tamb embolism and on the frequency of recovery in untreated cases, systematic
palpstion of the limb pulses was made a routine n unselected consecutive cases
of mutral stenosis.  In each case, after the condition of the limb pulses had been
recorded, the patent was g d about isch ¥ m any of the
fimbs at any nme mn the past,

A twotal of 265 patients with mitral stenosis were exarmined m this way.
For companson, a senes of 300 hospital patients not suffering from heart: disease
were sumlarly examaned  These contrals were selected s0 as to have approxi-
mately the same age and sex distibution as the cases of mutral stenosis but
were otherwise chosen at vandom, concurrently with the cases of mitral
stenosts

Routine of examination

The hmbs were exammed by palpation only and m each case siv pairs of
arteries ssere palpated:

9



ARTFRIAL EMBOLISM IN THL LIMDS

obtain some information on this, an anatomical study was made of 66 human
cadavers, using arterial ligation to imitate embolic occlusions and subsequent
injection of contrast fluid to demonstrate arterial collaterals by radiography.
The results of this study are described in Chapter IX.

Arterial spasm in limb embolism

Many writers belicve that the 1schaemic effects of an embolic arterial occlu-
sion may be aggravated by a state of active arterial spasm, set up by impaction
of the embolus.  Chapter X 15 devoted to a hscussion of this theory, the evidence
for it being critically examined and tested as far as possible by the experience of
this study.



THE INCIDENCE OF LIMB EMBOLISM IN MITRAL STENOSIS

. Brachjal—agamnst the middle of the shaft of the humerus.

Radial—at the wrst

Common femoral—at the groin.

. Popliteal—agamnst the upper end of the tibia with the knee semu-flexed.
. Dorsal pedal—against the tarsus.

. Posterior tibral—behind the medial malleol

L

Pulse deficiencies

We have to enquire whether deficiencies mn the imb pulses, as determmed
by palpation, can be accepted as satisfactory evidence of artemal occlusion
Absence of a single foot pulse is frequently observed 1 normal persons (Morrison
(1933), Stlverman (1946) ). The findings n our own series of control patients
confirm this (Table 2)  Pulse deficiencies in the foot were therefore regarded
as significant only 1f both pulses were absent in the same foot. The radial pulse
is rarely absent 1 normal persons and absence of this pulse was therefore accepted
as signifi The pulse defici found were classified as follows:

Significant - Impalpable brachial pulse
Impalpable radial pulse.
Impalpable femoral pulse.
Impalpable popliteal pulse
Impalpable dorsal pedal and posterior tibial pulses in one foot.
Non-sigmficant - Impalpable dorsal pedal pulse when posterior tibial pulse in
the same foot is present.
Impalpable posterior tibial pulse when dorsal pedal pulse m
the same foot 1s present.

Pulse deficiencies in control patients
The incidence of ¢ fi > and ¢ ignifi * pulse defi

found 1n the series of 300 control patients 1s recorded i Table 2. The figures
can be suramarised:

“ Sientpicant ’ Putse Derciencies
All ages, 15-79 years (total 300)* 2 persons (0+7%,)
Arteries concerned, Popliteal m both mstances

¢ NON-SIGNIFICANT > Purse DeFICIENCIES

Age group 15-39 years (total 95): 31 persons (32°6%)
Age group 40-79 years (total 205). 71 persons (34:69,)
All ages, 1579 years (total 300): 102 persons (34-0%,)

* Sigmificant ' pulse deficiencies were therefore rare m patients without
x



TABLE 2
Routine palpation of the ltmb pulses

Pulse deficiencies in 300 control patients (no heart disease)

pulse deficiencies {total 9¢ ["trson!l {total 205 persons)

o, of age
group

Number of
persons

Number of 9 of age

I

* Non-significant * I 1§-39 years I 40-79 years
|
| Mt et

Incidence of pulse deficiencies in 2 age groups I
One postenior ubnal {

pulse impalpable | M 126 v e
.
|
One dorsal pedal pulse‘ !
impalpable 5 Iz A 34
| '
Two posterior tibial '
pulses impalpable 7 74 13 | 16y
b
Two dorsal pedal pulses |
impalpable P 74 1 ou I3
Dorsal pedal pulse im- '
palpable in one foot and
posterior tibaal 1n the
other — ! — ‘ 2 ! 10
All varieties | 3t | 36 [ 7t 3147
* Signuficant * |
pulse deficiencies ¢
Both pulses m one foot | [ |
smpalpable — - ‘ - | -
|
Both pulses n both fect :
impalpable — - - -
* o o os

palpable

Femoral pulse
deficiencies

Upper Limb pulse
deficiencies

All varieties ' 1o v e

+ This case had both dorsal pedal pulses impalpable but posterior tibral pulses were palpable.

One popliteat pulse im- ,

Included in fourth hine above.
+ All foot pulses were palpable in this case,
10



THE INCIDENCE OF LIMB EMBOLISM IN MITRAL STENOSIS

TABLE 4
Routtne palpation of the imb pulses
Patients with mutral stenosis

Group (2) 172 patients with auncular fibntlation

Incidence and age distribution of © * pulse d
Number 1n age group Namberwith | o, o
Age group (]
Male & Female [ Persons | pulse deficiencies | BFOUP
ppa— [ N I - -
i
20-29 years - 3 6 4 (66 6)
!
30-39 years PO 17 3 176
|
!
40-49 years 13 39 52 10 ‘ 192
§o—g9 years 1 48 53 13 ) 245
60-69 years 4 24 28 It o
70~79 years 3 4 a3 16 6 5 375
i
Miages | 20 | wn | ‘ 4 T
Anatomical distribution of * sigmficant * pube deficiencres found
Number of Iimbs affected Arteries affected
One limb 30 patients Subclavian 1 Iinstance
Two limbs 16 patients Asllary 1 mstance
Three hmbs 1 patient
Common ilac. 10 nstances
Common femoral 13 instances
Popliteal 30 Instances
The d of ‘o fi * pulse defi found 1n the same

two groups, alter exclusion of the patients who shawed * significant ’ pulse
deficiencies, 15 recorded in Table 5.

Group 1. PATIENTS WITH REGULAR HEART RHYTHM

Table 3 shows that ‘ significant * pulse deficiencies were not very common
n this group  Four examples were found in the total of 97 patients; 1re. 41%,.
In 2 of the 4 patients both lower hmbs were affected and a total of 4. popliteal
artertes and 2 1liac artertes were found to be occluded 1n the group

If we exclude the 4 patients with * significant * pulse deficiencies a total of
93 patients remain mn this group. ‘ Non-significant * pulse deficiencies were

13



ARTERIAL FMBOLISM IN THI LIMBS
heart discase.  Only two instances were found in 300 persons, both popliteal.
On the other hand, * non-sigificant * pulse deficiencies were found in one-third
of the total and were equally common in older and younger persons
It seems justifable to accept pulse deficiencies of * significant * type as
evidence of arterial occlusions.

Pulse deficiencies in patients with mitral stenosis
The 269 cases were divided into two groups:

Group 1. 97 patients with regular heart chythm,
Group 2. 172 patients with auricular fibrillation,

The incidence of * significant * pulse deficiencies found in these two groups
15 recorded by age groups 1n Tables 3 and 4.

TaBLF 3
Routine palpation of the limb pulses
Patients with mitral stenosis
Group (1) 97 patients with regular heart rhythm
Incrdence and age distribution of * significant * pulse deficiencies

Number 1 age group ‘ Number with
Agegroup | —— - — “ sigmificant *
Male | Female | Persons | pulse defirencies

1io19 years s s R
20-29 years I 2 :
VO N B A
40-49 years 3 13 ! 6 [ —
§9-59 years 3 [ 9 ,‘ %) ; —
6o-69 years 3 i 3 “ 3 2
S T :
Allages | 16 f 8t J 97 " 4

Anatomical distrabution of * signsficant * pulse deficiencies found

Arteries affected
Common thac: 2 instances (or aorta 1)
Popliteal; 4 mstances

Number of limbs affected
One limb 2 patients
Two limbs. 2 patients



THE INCIDENCF OF LIMB EMBOLISM IN MITRAL STENOSIS

frequently than in Group 1—in 44:8%, (s compared with 32:39}) and some old
embohic occlusions of the smaller arteries may account for this.

Relative incidence of embolism at different anatomical sites

The evidence bearing on this question is discussed in the section on morbid
anatomy (Chapter V).

History indicating previous embolism
When questioned, a number of the patients with mitral stenosis gave a
clear description of an acute ischaemic syndrome, lasting some days and passing

TABLE 6
Routine palpation of the lmb pulses
269 potuents with mrtral stenosis
Incudence of hustortes indicating previaus embolism

Patients with | Patients with Patients
Type af hustory “ sigmficant * | * pon-sigmificant * | wthout any
pubse pulse pulse
! deficrencies deficiencies deficiencies
Clear hustory of acute schaemic .
symptoms 13 i 2* ! 1
.
Clear history of chromic 1schaemic 1
symptoms 3% — | '
| .
Doubtful history of chromc ‘
sschaemic symptoms c . _
History of former cerebral embol- \
I1sm st 3* § 6
|
Histary wnrelable (patient con- !
fused) k3 — | —
History completely negative 16 78 ! 14
,
Total number 1n group ‘ st | 86 | 132
1
‘ Number giving positine history \ 33 ! 8 | 8
Incidence of positive histaries 1n
group 64-7% 93% 619,

* Oae patient common to these two groups.
} One patient common to these two groups

I



ARTIRIAL EMBOLISM IN THE LIMBS

present in 30 of them, or 32:3%,. This proportion is similar to that in the
control patients.

TABLF §
Routine palpasion of the bimb pulses
* Non-sigmficant * pulse deficiencies in patients with mitral stenosis

(Patients with ‘ signibcant * pulse deficiencies excluded)

93 patients with i 12¢ patients with
Tupe of regular heart thythm auricular Abrillation
*non-significant* —
pulse deficiency Number of % of | Numberof {9 of
pattents ' group patients group
One dorsal pedal pulse ' |
impalpable ¢ < [\
One postenior tibial H |
pulsc impalpable i 5 0 |
Two dorsal pedal pulses [
impalpable 6 3 f
Two postenior tibial
potses opalpable | [
One dorsal pedal and ’ ! [
onc posterior tibual |
pulses ampalpable m | |
opposite feet — ] |
All varieties Poose sy | s | aee%

Group 2. PATIENTS WITH AURICULAR FIBRILLATION

In this group, * significant ’ pulse deficiencies were present in 47 patients
out of 172, or 27:3%, (Table 4) The table shows an increasing incidence of
these arterial occlusions with ncreasing age, rising to 39-3% in the age group
60-69 years, The occlusions were found much more commonly in lower limbs
than in upper limbs. This may be because 1 upper imb embolism the dustal
pulses often return quite soon, whereas in lower limb embolism they are often
perm.mently abolished (Chapter VIII) A total of 65 occluded artenies \\:ere
found in this group, 35 of them being large arteries (ihac, femoral, subclavian,
axillary), while 30 were popliteal.  Old embolic occlusions of arteries sm?”cr
than the popliteal or brachial are not revealed by the metl:nod of examination;

lassified as ¢ if ’pulsc'"’ ies.

3
defi were found in Group 2 rather more

14

they would be
“ No i ? pulse




THE INCIDENCE OF LIMB EMBOLISM IN MITRAL STENOSIS

TABLE 7
Incidence of systemuc 1nternal embolism in mitral stenosis

Evidence from autopsy records

Total number of autopsy records: 2,900 (approx.)

Number of cases of mitral stenosi 212

Number of these showing internal embolism- e (52%)
Death directly due to embolism 38 (18%)
Embolism a contnibutory cause of death, o (5%

bolism present but butory. 61 (29%)

Cases 1 which death was directly due to embolism-
Cerebral embalism* 2 cases
Embalism of aortic bifurcation® 6 cases
Mesentenc embolism- 4 cases
Embolism of common tliac artery: ¥ case
Embolism of coronary artery- ¥ case
Embolic obturation of stenotic mitral valve: 3 case

Total 38 cases

ConcLusioNs

The evidence considered in this chapter indicates that embolism of the
major limb arteries, popliteal or larger, is of relatively frequent accurrence in
patients with mitral stenosis and auricular fibrillation.  The hability to embolism
appears to be much less 1n patients with regular heart rhythm,

In many of the patients these embolic occlusions cause transient acute
1schaemic symptoms, but recovery follows without any treatment.

In a not i iderable number the isch are 5o stight as to
leave no lasting memory.

ymp



ARTFRIAL FMBOLISM IN THE LUIMBS

off gradually.  Some patients described typical intermittent claudication, per-
sisting for many months.  Statements about habitual coldness of the feet
were recerved with more caution, for many women will complain of this.
Habitual coldness of a single limb was accepted for the category * doubtful
history *. A clear hustory of a former cercbral embolism was recorded as
‘ positive .

The results of this enquiry are shown in Table 6, the groups compared
being (1) patients with ‘ significant * pulse deficiencies, (2) those with * non-
signihcant ’ deficiencies and (3) those without any pulse deficiencies,  The two
latter groups both show a low incidence of * positive * histories but in the group
with ‘significant” pulse deficiencies the incidence of positive * histonies was
64:7%

In some patients it was possible subsequently to verify the fact that a symp-
tomless pulse deficiency i a mb was indeed due to an old embolic occlusion
(¢ g Cases Nos. 42, 51, 72, 75, See Figs. 1,2, 3).

General incidence of embolism--autopsy evidence

Bull (1521) found 15 cases of limb embolism in 2 total of more than 6,000
autopsy records at Oslo Howeser, it 1s not usual for the himb arteries to be
fully examined at autopsy and autopsy records therefore do not usually gise
reliable evidence of the overall incidence of mb embolism  On the other
hand, evidence of internal embolism, particularly in the brain, spleen and
Lidneys, 1s regularly recorded

The incidence of systemic internal embolism as revealed at autopsy will be
higher than that of limb embolism as determined by palpation of the limb pulses
during life, for the following reasons  Firstly, visceral infarcts recognisable at
autopsy may be caused by occlusion of quite small arteries, whereas palpation
will not reveal occlusion of any arteries smaller than the brachtal or pophteal.
Secondly, palpation s unlikely to reseal more than a propertion of the embolic
occlusions 1 upper limbs (Chapter VIII).

Bearing these considerations 1n mind, 1t 15 of imnterest to compare the mai-
dence of pulse deficiencies found 1n the Iimbs in life with that of cerebral and
visceral infarcts found at autopsy n patients suffering from the same type of
heart disease. A total of approximately 2,900 autopsy records at the Whitting-
ton Hospital, extending over the period 1946 to 1955, was therefore examined
to determine the incidence of cerebral or visceral embolism in all cases in which
there was unequivocal post-mortem evidence of mitral stenosis.  The findings
are shown in Table 7. Fifty-two per cent of all cases of nutral stenosis showed
post-mortem evidence of systemic internal emboltsm,  Making allowance for
the factors discussed in the previous paragraph, this figure agrees quite well with
the figure of 27-3%, for *significant limb pulse deficiencies in patients with
mitral stenosis and auricular fibrillation examined during life.

16



Fig 2 (Case No 42)
Embolism of lefe popliteal artery
Post mortem arteriography  Un-
reduced print of region of pop

Liteal division

Fic 3 (Case No 42)
Embohism of left popliteal artery.

Autopsy specimen  Lower end
of left pophteat artery and sts
dwvision 1nto anterior and pos-
terior tibal arteres, showing old
adherent embolus



Case No, 42, Embolim of Jefe poplral
artery.

A woman aged 16 years, suffering from
mitral stenowis with auricular fbnllaton
and congestise heart falure, Routine
examination show ed absence of both pulses
in the left foor, but she could remember no
1schaemic symptoms. At autopsy, mine
months later, post-mortem arteriography
showed a short occlusion at the lower end
of the Jeft popliteal artery, with 3 collaterd
circulation so good that injection of the
left foot was as complete as that of the nght
(g 1) Fxploration of the left poplte
artery revealed an old adherent embolus 2t
the lower end Fig 3)

Fic t (Case No 42}
Embolism of left popliteal artery  Post-
mortem arteriography of both lower hmbs

Yy



AETIOLOGY

This difference is in Jarge measure due to the higher proportion of cases of
rheumatic heart disease in the present series; 1.e. 63%, of all patients, as com-
pared with 40% in Haimoviei’s series.

Tasie 8
Age ond sex distribution of 69 patients who had limb embolism

Agegrowp | Male | Female | Pemons | % ofall patients
10-29 years 2 1 1019,
30-39 years 2 73%
40-49 years T [3 l 7 1019,
§o-59 years 4 15 ‘ 19 | 27 6%,
o6y years 3 " } 17 1 24 6%,

t
yo-79 years 5 s | w1 ey
All ages vl 0 e ) wsea%
Under 40 years. 12 patients (17 1%,)
Oser 40 years §7 patients  (82:3%,)
Over 60 years 31 patients (44 9%,
TABLE 5

Sex and age of occurrence 1n series of 122 embolic ncsdents

Agegroup | Mle | Female | tncdents | 9% of all sncidents
I
2015 years 3 8 J 1 9%
36-39 years 3 5 8 66%,
4049 years ' 10 829,
So-g9 years I3 3o 24 6%
6o~6y years 3 37 10-3%%
70-79 Years 9 26 11439,
All ages 13 9% 112 190 6%,
Under 40 years. 19 wncidents  (35-¢9%)
Ohrer 40 years. 103 incidents (8459
Over 60 years, 63 maudents  (51°694)"

2:
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Aetiology

the genera] principles of ae!io]cgy, which relate to the type of patient n

whom embolism is liable to occur and, secondly, the problem of the
direct cause which produces embolism 1n a particular patient at a particular
time.  Various factors such as congestive heart failure, exertion, infections and
drug treatment have been discussed by other authors.

GENERAL AETIOLOGICAL PRINCIPLES

’ I THE problem of aetiology in arterial embolism has two aspects: firstly,

Sex and age
The series of clinical cases of himb embolism showed a considerable pre-

ponderance of females:

PamienTs: Male: 16 (2329%)
Female. 63  (76'8%)
EmBoric INCIDENTS:  In male: 27 (229%)

In female: o5 (77°9%)
The preponderance of females is due mainly to their higher incidence of

mitral stenosis:

Cases WITH MITRAL STENOSIS: Male: 8 incidents  (10-4%)
Female: 69 incrdents  (89:69)
Male 19 ncidents  (42:2%)

Cases wiTHour MiTRAL STENOSIS:
Female: 26 incdents  (57-8%)

Other published series do not all show the same sex distribution, for

example:

WARREN AND LinTon (1948) (Collected series of g7 patients)

Male* 5259%,

Female:  47:5%
(Collected series of 228 patients)

Male: 45%

Female:  55%,

20
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AfTIOLQGY
This difference it in large measure due to the higher proportion of caces of
theumatic brart diseace in the precent seriesy el 639 of all atients, & come
pared with 43%, i Haimos ici's <eries.
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ARTLRIAL IMBOLISM IN THE LIMBS

Table 8 shows the age and sex distribution of the 69 patients of the writer's
series, (The age i patients who had more than one embolic incident is taken
as the mean between the age at the first incident and that at the last.) Table ¢
shows the distribution of age of occurrence and sex in the 122 embolic incidents
of the series.

If the age distribution shown in Table 8 be compared with those of the
series of Warren and Linton and that of Haimovici, certain differences are again
apparent:

WARRIN AND LINTON (1948) (95 patients with age recorded)
Under 40 years: 14 patients  (13-7%)
Over 40 years: 81 patients  (86:3%,)
Over 60 ycars: 27 patients  (28-4%,)

Harmtovial (1950) (228 patients)
Under 40 years- 44 patients  (19°3%)
Over 4o years: 184 patients  (80:7%,)
Oser 60 jears 69 patients  (30-3%,)

PRESENT SERIES (69 patients)
Under 40 years 12 patients  (17°3%)
Orer 40 years §7 patients  (82:7%,)
Over 60 years 3t patients  (44-9%,)

The present series shows a considerably higher proportion of the older
patients (over 6o years of age). This is probably due to differences of selection
of material, perhaps related to the type of hospital in which the patients were
seen (some of the cases recorded by Hatmovict were seen in private practice).
The writer’s material shows increasing tendency to embolism with rising age.
Nineteen embolic incidents occurred in 12 patients under 4o, while 63 incidents
occurred In 31 patients over 6o, This finding corresponds well with the nci-
dence of pulse deficiencies at different ages m the himbs of patients with mitral
stenosis, recorded in Chapter III.

Heart disease
Analysis of the incidence and types of heart discase 15 shown in Table 10
and the incidence and types of cardiac arrhythmia in Table 11. Two facts stand
out:
1. Only a single incident of the whole series occurred in a patient who had
no heart disease (he had acute miliary tuberculosis—Case No. 48)
2. 121 embolic incidents occurred in patients with heart disease and in 98
of these (81%) there was an auricular arthythmia of major type—
usually aunicular fibrillation, occasionally flutter or paroxysmal tachy-

cardia.
22




AETIOLOGY

TABLE 10
Heart disease 1n 122 embolic incidents

Type of heart disesse Number of | Number with major*
mcdents auricular arrhythmia

Mitral stenosts alone 58 55

Mutral stenosis plus rheumatic aortic lesion 77 6

Mitral stenosis plus bacterial endocarditis 10t —

Mutral stenosis plus syphilitic aortic lesion 3 3

Bacterial endocarditis, no previous valvular

Jesion 3 _

Aortic lesion alone — | —

Hypertensive heart disease n n

Hypertensive heart disease plus myocardial )

nfarction 5 5

Myocardal mfarction B “ 3

Coronary disease without myocardul nfarc- \

tion 4 \ 4

Thyrotovicosis ‘ 6 [ 6

Major arrhythmia of unknown causation s B

Subacute myocarditis (7 toxoplasmosis) 1 ]\ —

No heart disease 1 ‘ —

All embolic neidents | 58

* Auncular fibrillation, aunicular flutter or auricular paroxysmal tachycardia
‘t One incident common to these two groups

There were 23 incidents in which the heart thythm was ether regular or
showed only minor arrhythmia (ectopic beats) In 20 of these there was some
form of heart disease producing nflammatory changes in the endocardium,
namely bacterial endocarditis, myocardial infarction or myocarditis  In the
remaining 3 incidents the pavients had mutral stenosis and 1 2 of them there
was over-dosage of digitalis (see below) These findings correspond closely
‘with the separate mnvestigation on pulse deficiencies in the limbs of patients with
mitral stenosss, recorded in Chapter Ill

23
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ARTERIAL FMBOLISM IN THE LIMBS

Table 8 shows the age and sex distribution of the 6 paticnts of the writer’s
scries.  (The age in patients who had more than one embolic incident is taken
as the mean between the age at the first incident and that at the last.) Table o
shows the distribution of age of occurrence and sex in the 122 embolic incidents
of the seres.

If the age distribution shown in Table 8 be compared with those of the
series of Warren and Linton and that of Haimovici, certain differences are again
apparent.

WARRIN AND LINTON (1948) (95 patients with age recorded)
Under 40 years, 14 patients  (13-7%)
Over 40 years: 81 patients  (86:39,)
Over 60 ycars+ 27 patients  (28-4%,)

Hamovicr (1950) (228 patients)
Under 4o years, 44 patients  (19-39%,)
Over 40 years. 184 patients  (80-7%,)
Oser 60 jcars 69 patients (30-3%,)

PRESENT SERIES (69 patients)
Under 40 years: 12 patients  (173%,)
Orver 40 years: 57 patients  (82:7%,)
Over 60 jcars 31 patients  (£49%)

The present series shows a considerably higher proportion of the older
patients (over 6o years of age). This is probably due to differences of selection
of material, perhaps related to the type of hospital 1 which the patients were
seen (some of the cases recorded by Haimovici were seen 1n private practice).
The writer’s matertal shows increasing tendency to embolism with rising age.
Nineteen embolic incidents occurred 1 12 patients under 40, while 63 incidents
occurred m 3t patients over 60 This finding corresponds well with the inci-
dence of pulse deficiencies at different ages in the imbs of patients with mitral
stenosis, recorded i Chapter IIl.

Heart discase
Analysis of the incidence and types of heart disease is shown in Table 10
and the imaidence and types of cardiac arrhythmia in Table 11, Two facts stand

out:
1. Only a single meident of the whole series occurred in a patient who had
no heart discase (he had acute miliary tuberculosis—Case No. 48).
2. 121 embolic incidents occurred in patients with heart disease and in 98
of these (819,) there was an auncular arthythmea of major type—
usually auricular fibrillation, occasionally flutter or paroxysmal tachy-

cardia.
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series, among a total of 122 embolic incidents there were 31 in which congestive
farlure was present at the time of the embolism and ¢ in which the patient had
been in failure at some prior time, More than 709, of all embolic incidents
occurred in patients who had never been 1n failure.

Influence of exertion

It has been supposed that undue exertion in a patient with heart disease
might tend to precipitate embolism. However, Sprague and Westinghausen
(1941) and Bourne (1950) found that there was no special relation between
exertion and embolism. In the present series there was a total of §3 embolic
mcidents in which information was available as to the state of activity of the
patient at the time of onset of the symptoms of embolism:

Patient active at time of onset, 7 incidents
Patient resting at time of onset: 46 incidents

These figures support the conclusion of the above-mentioned authors that
there is no special relation between exertion and arterial embolism. Indeed,
they suggest the contrary—that embolism 15 more likely to occur at times of
minimum activity of the heart. It has already been pointed out that the associa-
tion of embolism with changing heart rhythm is not very common. These two
facts are not consistent with the commonly held conception of embolism as a
result of detachment or fragmentation of a previously adherent intracardiac throm-
bus  This matter 1s discussed in Chapter V ( Character of embolic thrombi *).

Influence of non-cardiac disease

It has often been stated that systemic disease, especnlly acute mfections,
may be a factor in the causation of embolism (Key (1922), Hamowvicr (1937) ).
This 15 not borne out by the present series, in which the incidence of non-cardiac
disease was low  Only one mcident occurred in a patient entirely free from
heart disease. This patient had acute miliary tuberculosis but no thrombosis
of pulmonary veins was found at autopsy (Case No. 48)

Non-cardiac disease was present only in 16 out of the total of 122 embolic
incidents and in all but one of these there was also an adequate cardiac cause for
embolism.  Conditions which produce dehydration, for example high fever,
vomiting or acute enteritis, may well act as precipitating factors in patients with
heart disease. [n one of the cases, embolism occurred soon after a severe attack
of diarrhoea (Case No. o).

Influence of digitalis

Hammovici (1937) mentioned a number of earhier authors who had dis-
cussed the effect of digitalis, ouabaine and quinidine in precipitating embolism.
Re-estabhishment of normal auricular thythm by quinidine has been thought to
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TavLr 11
Cardiac arrhythma 1n 103 embolic incrdents

Type of arthythmia Number of incidents
Aurscular fibnllation | o
Auricular flutter ‘ 1
Auricular paroxysmal tachycardia ! 6
With bacterral
endocarditis :
i
Aunicular ectopic beags, 4 \ih myocardial
infarctton 1
With mitra) l 1
\stenosis
Ventnicular ectopic beats  With myocarditis i 1
All incidents with arrhythmia (‘ to3

fibeillation had an incidence of 2339, of arterial ocelusions in the limbs, while
1n those with regular heart rhythm the incidence was only 419,

It follows from these figures that if bacterial endocarditis and myocardial
infarction can be excluded, a diagnosis of arterial embolism is rarely justified in
a patient with regular heart rhythm.

Changing heart thythm

Embolism was observed m close relation to 2 change of heart rhythm only
in 3 patients. One, a case of mitral stenosis, had termittent attacks of auri-
cular tachycardia, with 3 separate embolic incrdents (Case No. 44). One had
thac embolism during the course of a prolonged attack of auricular paroxysmal
tachycardia (Case No 21). The third patient had auricular fibrillation, ~After
tr by rapid digitalisation the heart rhythm became regular and about
5 days later there was an embolism of the brachul artery. Four months later
auricular fibrillation recurred and persisted, After a further interal of three
months there was simultaneous embolism of both lower Iimbs (Case No 20).

SPECIAL AETIOLOGICAL FACTORS
Congestive heart failure
Haimovici (1937) suggested that embolism occurs more easily in ' decom-
pensated * cardiac cases and this scems a reasonable assumption  In the present
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ticular, i close relation to over-dosage of this drug. The relation between
digitalis treatment and embolism is shown in Table 12,

Emhboli 1i

in over-digi d patients

This group comprises 13 embolic incidents in 11 patients (Cases Nos. 11,
15, 20, 29, 47, 49, §8, 63, 65, 66, 78). The duration of the symptoms of over-
dosage of digitalis at the time of the embolism varted from 2 days to 8 days.
Five of the 11 patients had been in good health and free from heart failure when
they developed signs of over-dosage, followed shortly afterwards by embolism.
Four patients had developed congestive falure and were treated by rapid digi-
talisation methods with resultant over.dosage symptoms, follawed soon after-
wards by embolism 1 we exclude patients with bacterial endocardutis, there
were only 3 embolic incidents in patients who had mitral stenosis but no serious
auricular arrhythmia. Two of these occurred in one patient who had symptoms
of over-dosage of digitalis (Case No ¢8).

The figures in Table 12 do not, of course, provide statistical evidence of a
relation between digitals treatment and embolism. Nevertheless, they suggest
that rapid digitalsation, and especially over-dosage of digitalis, may precipitate
systerme embolism.  Patients with auricular fibnilfation are always liable to form
thrombi 1n the left auricle and this may well be facilitated by excessive slowing
of the ventricular action and reduction of cardiac output It does not therefore
seem necessary to demonstrate changes in blood coagulability before this concep-
tion can be accepted

One patient, whose heart disease had for years been under good control,
became over-digitalised and soon after this she had multiple systemic embolisms.
Autopsy showed very soft black thrombi in several arteries and unattached
thrombi of very similar type in the left auricle.  All these thromb1 were obvi-
ously of very recent formation and as the only recent change in the heart con-
dition had been the development of over-dosage of digitalis 1t would be very
rash to dissociate the two phenomena (Case No. 66).

Apart from over-dosage of digitalss, t0o vigorous treatment of patients with
congestive heart farlure, either by digitalis or by mercurial dwrenics, may mtro-
duce the factor of haemoconcentration stressed by Pere. Inall, it must be con-
cluded that over-zealaus treatment of heart fadure may well play some part in
the causation of peripheral embolism.
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act by causing detachment or fragmentation of thrombi already adherent in the
left auricle, In the writer’s view, embolism more commonly results from
recently formed thrombi which have never become adherent (Chapter Vo—
¢ Character of embolic thrombi *). In connection with the possible effects of
treatment, interest has centred mainly on the influence of digitalis preparations,

Macht (1943) and Werch (1943) concluded from experimental studies that
the coagulability of the blood 1n cats and rabbits was increased by admunistration
of digitalis. De Takats, Trump and Gilbert (1944) described three cases of
peripheral embolism 1n patients who had had excessive dosage of this drug and
Reynolds and Jirka (1944) and Massey and Steiner (1944) reported similar
cases. De Takats and his colleagues also found experimentally that admunistra-
tion of digitalis produced an increase in heparin tolerance both in animals and in

man
Sub

workers have ¢ d these ﬁx\dings. Levin and Ruskin (1949)
studied the coagulation mechanism i healthy human subjects before and after
administration of digitoxin, both orally and intravenously; they concluded that
the drug had no effect. Cathcart and Blood (1950) investigated normal human
subjects and patients suffering from congestive heart farlure and found no signi-
ficant changes 1n clotting time or prothrombin time following admunstration of
digitalis  Pere (1951) found that increase in coagulability occurred only when
digitalis (or strophanthin or mercurial dwretics) produced druresis 1n patients
suffering from congestive heart falure.  He concluded that this was due to haemo-
concentration. Daley and his colleagues (1951), m a study of the chinical
records of 194 patients who had had ystemic embolism, concluded that there
was .. no evident relation between digitalis therapy and embolism *

In this study, a number of cases were observed in whom peripheral embol-
1sm occurred 1n close relation to newly initiated digitalis treatment and, in par-

TABLE 12
Relation of peripheral embohism to digitalis treatment

Particulars of digitalis treatment Number of incidents
No digitalis treatment prior to embolism 28
Established digitalisation (appropriate dosage) 63
Newly digitabsed ;‘:I;"V('J{y A
Over-dosage of digitalis 1
All incidents with adequate record 13

* In one wnstance, 3 weeks before the embolism,
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TABLE 14
Anatomical sites of hmb embolism 1 seeies from five authors

T

Petutpierre | Danns Key | Warren, | Hamoues
{1928} (1931} (1936) | Lemtan & | (13ga)
Aratomcat } i Scannelf
sue ’ } ioCese)
{1 poe 0 st | me ) age
| cases [ cases | cases o cases o cases
Axlry | 3% | 4% . Coas%
{ (8% o hr467%
Brachl | 77y v ' 91
Aortic {93 g 43 12 g 91
)
firvac [ETRY 178 , v 15 166
' .
Femarsl , aas | 4o 544 333 s8¢
Pophteal | 37 E %3 , e G & 12

sertes may be compared with that in published sertes from five other authors,
shown w Table 14.

This sertes shows a lower incidence of femoral embolism, a higher mncidence
of popliteal and a somewhat higher incsd of shac embohism than most of the
others, There must be a difference, enther of accuracy of diagnosis of the site
of embohism or of selection of cases.  Selection depends to some extent an the
type of hosptal 1n which the cases have been observed  Surgical considerations
wall also affect it, far cases chosen for operation may wnclude a higher proportion
of the more serious grades of 1schaemic syndrome and, as will be shown later,
selection of this type will introduce an anatomical buas,

All the series published by the other authors show a fow cidence of
popliteal embolism but there 15 no reason why the pophiteal artery should be
Jess hiable to embohsm than the femoral  Probably small thrombr are more
often formed m and discharged from the heart than larger ones and embolism
should therefore be commoner in smaller arterses than i larger ones.  The
numerous small 1farcts found 1n viscera at autopsy support this assumption, It
ts because popliteal embiolism so often causes very muld sschaemic symptorus,

herefore escapes that 1t 1s rel ly in most of the
published series.  Thas view is supported by the findings as to pulse deficiencies
1 the limbs of patients with ritral stenosis, recorded Chapter Ilf. Among a
total of 71 arternal occlusions found n such patents, 34 (4893 were popliteal,
These acclusions are selected s that they have all recovered spontaneously and
pophteal embolism will tend to figure prominently m such a group,
29
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Morbid Anatomy

Anatomical sites of embolism

In a total of 118 embol d (4 i of * pscudo-embolism'
excluded), 106 occurred at main bifurcations and 12 elsewhere. These 12 com-
prised 7 in the superficial femoral artery, 2 in the deep femoral, 2 in the external
thac and one in the upper pophteal. The anatomical sites of embolism in the
118 incidents are shown in Table 13, The incidence of the various sites in this

TABLE 13

Anatomical sites of embolism 1n 118 ncrdents

‘ | 8¢ ncrdents, all
Anatomical site J Whole sertes | anatomically verified
of i -
! Number o ! Number | %
Axllary 8 68 4 47
Bracheal 14 ns 1o 1147
Aortic 1 144 5 177
Common ihse 14 2004 1y 200
6 121 9 2204
External ihiac 1 17 2 24
Common femoral 113 136 10 118
23 tog 17 1000
Superfictal femoral ; P 2 82
Deep femoral 2 7 2 23
Popliteal 27 229 17 200
Posterior tibial 1 o8 | 112
R e e PP
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For Jower himb embolism, combmation of the two series gives a total of 160
arterial occlusians and the fncidences of the different anatomical sites in the
combined group are as follows:

Aornc: 10:6%,
thac: z2-6%
Femoral,  28-7%,
Pophteal 38419,
The frequency here sises steadily with decreasing size of the artery.

Multiple embolism

The total of 122 embolic incdents grves an average of nearly two for each
patient. In Chapter IV it was shown that the tendency to multipfe embolism
mcreases with mereasmg age  Muluple embolic occlusions i a single himb were
seen 1n 70 patients and embohic occlusions i more than one limb in 34 patients
(aortic embolism has pot been counted as mulniple hmb embolism)  These 34
cases showed the following:

Embolism of two ltmbs separately: 25 patients
Embolism of three limbs separately 7 patrents
Embolism of all four himbs: 2 patients

Assaciated embolism in sites other than the Jimbs was also very common,
In 48 autapsies on patients with limb erabolism the following examples were
found:

Visceral embolism. 34 patients
Cerebral embolism: 24 panents
Cerebral and visceral embolism. 27 penents
Pulmonary embolism; 1§ panents

Character of embolic thrombi

Since Virchow’s onigial deseription of embolic thromby, 1t hag usually
been assumed that emboli should show the characters of thrombi of some stand-
g, firm i consistency and red or partially decolonsed (¢ cardlor blanc ').
Thus coneeption results from the view that embolysm 1s usually caused by detach-
ment or fi of an adh rural thrombus which has been present
for some time 1 the left aurscle. 1t appears likely that embalism is more often
caused by thrombi of very recent formation which have never become adherent
at all. This view is supported by the fact that a number of separate embolic
occlusions 5o often occur successwely in the same patient within a relatnnely
short period  The imitial factor must be an 4 tendency to thrombosis n
the left auncle.  Some of the resultant thrombi become adherent; others pass
out into the arteries.  The presence of adherent thrombi, for example in the
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Some cases of iliac embolism are wrongly disgnosed as femoral, because of
persistence of the femoral pulse (Chapter VI), The error was made several
tmes in this study (Chapter VII) and it might figure more l'requcntly in 2
collected series.

From first principles, we might expect embolism to be commonest in small
arteries and rarest in large ones. Yet none of the published scries shons this
relation and in the present serics, though it daes show a higher incidence of
pophiteal embolism, the incidences of popliteal, femaral and diac embolism are
substantially the same.  The additional selective factor influencing the site inci-
dence in observed serics must be the severity of the symptoms.  The tendency to
embohsm may be greatest in the smallest arteries but it is also in these arteries
that the ischaemic symptoms are least severe and they therefore figure Jess
frequently in chnical series than in actual occurrence

Assuming that the pulse deficiencies found in patients with mitral stenosis
represent old embolic occlusions 1n which there has been spontaneous recovery,
we might combine these occlusions with the series of chnically observed embol-
sms and so perhaps obtain a closer approximation to the natural sie incidence
than 15 represented by the climcal scries alone, This has been done m Table 15

TABLE 1§
Incidence of embohsm at different anatomical sites

Comluned senies of clinically observed embolisms and eld artenal occlustons in other
patients with mural stenosts

All upper hmbs

Anatomycal ste 1 Cluucal | Old arteral | Combined | 94 of imb
of embohism series occlustons l figures ’ total
Upper fimbs | ‘ !
Axillary 8 J 7 3 10 !’ 417
Brachual L
f
)
|

Lower hmbs

I
|
!
Aortic 17 | — ! 17 106
hac 16 ' 10 Q 16 226
Femoral 23 ; 23 } 46 287
Pophiteal 27 J oo
All Tower himbs ]
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CONSECUTIVE THROMBOSIS
Introduction

“The local thrombosts which may oceur in an artery after 1t has been oc-
cluded by an embolus has been varowsly termed *sccondary thrombosis 7,
¢ propagating thr b Lo t extensive *, ‘ castlot prolongé” and
‘ consecutive thrombosss ', The last term, used by Richards (1954}, seems to
be the most satisfactory and the term ¢ secondary throwbosis” can be reserved
for thrombosis occurring after embolectamy

The process of local consecutne thrombosis was described by Virchow
It has been regarded by many as an important adverse factor and 1n recent years
1t has been usual to treat peripheral embolism with anticoagulants 1 the hope
of preventing it. There 15 great variation in the extent and rapidity of forma-
tion of consecutive thrombus in different cases of embolism  Surgeons have
found 1t at operation as hittle a5 two hours after the onset of symptoms; at other
umes 1t has been absent after periods as long as 43 hours {Key (1922) ). Ex-
araples have been described i winch the length of consecutive thrombus was as
much as 535 om after 10 hours (Rohde (19333 y or 23 hatle as 55 cm after § days
(Wideroe (1921} ).

1t 15 natusal to presume that the 1schaemic effects of the locahsed arterwal
occlusion produced by an embolus must be aggravated by a process which greatly
extends the length of artery occluded and therefore restricts the part of the
main artersal trunk beyond the occlusion which can take part m the collateral
circulstion. Ivanov (1928}, in experiments on artificial embobism, showed that
the lability to gangrene wn hus expenimental ammals was increased by increasing
the tength of the occluded segment of the mam artersal trunk  However, 1t 15
not easy 1o prove s any case of human embolism that gangrene has been pre-

P 4 b ve thromb Even 3f an association can be shown be-
tween extensive consecutive thrombosis and gangrene, 1t could still be argued
that this thrombosis might be the resuls of inadequacy of the collateral circuls-
tion rather than 1ts cause  The problem js a complex one.  Furstly, the embolus
atself has been supposed to act as a * centre of coagulation *, partrcalarly when st
15 a septic clot  Secondly, pathological changes w the artenal mtima at the site
of the embolus, or sscheemic atimal damage more dotally, mught provoke
thrombosts  Thirdly, the degree of tlling and of stagnation i the artenal trunk
distal 1o the embolus must play some part  If collateral errculation be very
poor, the arteral system beyond the occlusion way be almost completely
emptied of blood very soon after wapaction of the embolus, In such a case
there might be very lutle e thromt distal to the embolus, even
though gangrene ensues. Instances of this were seen sn this study. (See later
this chapter.) If there be a scanty collateral crrculation, the arteries beyond the
ocelusion will recene blood but sts flowe will be very slugaish and this may
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auricylar appendage, in patients who have had embolism is a phenomenon of
association rather than one of causation and the absence of such adherent
thrombi at autopsy in no way discounts the conclusion that a peripheral arterial
occlusion is embolic m character.

If this conception of the embolic process be correct, then emboli, when
seen soon after their impaction in peripheral arteries, should show the char-
acters of recent thrombi rather than old ones. In the writer's experience this
is usually the case. The thrombi found at operation are commonly soft enough
to remove by suction through a distally placed mcision. In g cases of embalec-
tomy the thromb: removed were soft and black (Cases Nos 7, 8, 20, 45, 66).
Patients who died very soon after the occurrence of embolism showed thrombi
of stmilar type at autopsy. This was well exemplified by Cases Nos. 64 and 66.
Case 64 had soft black thrombi in 8 separate arteries, while the only thrombus
n the left auricle was firm, decolorised and adherent; it was obviously of
much greater age. Case 66 had soft black thrombr in g separate peripheral
arteries and several similar unattached thrombi in the left auricle, one 1mpacted
into the stenotic mitral valve  If the artery be examined more than a few days
after the embolism, the embolus will have changed in character and may then
have the appearance of an older clot.

Iselin and de Balsac (1948) drew attention to the ranty of * caillot blanc’
n patients operated on for embolism, They described cases in which at opera-
tion they found the artery filled with thickened, ‘ pitch-like* blood. As a
result of this experience these authors elaborated a theory of * primary arterial
paralysis * with subseq local thrombosis (‘. . . le phé ¢ne primitif imtial
est 'arrét des battements artériels, la formation des caillots n’étant que secon-
daire’)  Some of the cases described by these authors may well have been
examples of true embolism by clots of sery recent formation and 1t 15 not neces-
sary to accept the theory put forward, which runs counter to the whole vast
body of evidence of the embolic process

Presence of intracardiac thrombi
Left-sided jntracardiac thrombi were found in 29 of the 48 patients who
came to autopsy. These were distributed as follows:

In the left auricle: 17 patients
On the valves- 8 patients
In the left ventricle: 4 patients

The exact location of thrombi within the left auricle has not been ade-
quately documented in the writer’s matenal. jordan, Schieﬂey. and Edwards
(r951) have studied this problem and therr findings are discussed in Chapter XI
(* Operations on the heart °),
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TaBLE 16
Provimal consccutne thrombosts

to examples from 14 autopsies (64 embohsed himbs}

Tureinternal | Lengthof | ¢ roaml
Case | gueofembolus | Fram embolism | provimal aracter of prosira
No to autopsy | thrombus thrombus
5 |R. common femoral i1 days 1cm | Soft, recent, filfing umen
1o | R superficl femoral | 1-2 years 2om | Soft, recent, flling lumen
30 | Avrtc bifarcation Severafweebs | 12cm | OIS, firm * pillar thrombus*,
apex free
31| Aortic bifurcanon ] 6dnys | zom S, vecent, flling lunen
o | Aortic bifurcation 4 years i 1cm | O comeal thrombus, apex
‘ free
1 | Aoruic bifurcation | s2dys | gom | Furm black comcal thrombus,
| e e
61 |Mouthof R common | ayer+ | yem | Old, wwlaeral, on adjacent
ihac ; (‘ aortic wall
P [L common femorl | 1yers | gem | Soft, recent, lling lumen
!
67 | Mouthof R common 2 years jem | OM, umlateral, on adjacent
] shac aortic wall
69 | Mouth of L commen 15 months 4em | OW, umlateral, on adgceat
] fhac i | sortie walt

phase. For example, in one case the embolus at the aortic bifurcation was sur-
mounted by a ‘ pillar thrombus * nearly 12 cm long, rounded and wnattached at
its apex and bearing an 1ts sucface transierse striations suggesting depasition of
successive layers (Case No. 30; see Figs, 10and 30). Two other thrombi in the
lower aorta had this * stalagmite * appearance (Cases Nos. go and 52). There
was one case of aortic embolism in which proximal consecutive thrombus ap-
peared to have formed rapidly after the embolism, st filled the lawer segment
of the aorta completely and obstructed the mfenor mesentense and Jower Jumbar
arteries (Case No. 31). This consecutive thrombus may have affected collateral
crreulation but there was no other example in which this appeared likely.

In the three examples not msolving the aarta the proximal consecutive
thrombus was in the femoral artery  In all of them it was shght in extent,
appeared to have been formed terrminally and could have had na effect on the
outcome.
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cause extensive consecutive thrombosis, The factor of stagnation may also be
influenced by the cfficiency of venous outflow from the limb, which will be
impaired if thrombosis occurs (as it often does) in the deep veins.

The anatomical conformation of the system of arterial collaterals is prob-
ably of considerable importance, If this is such as to permit re-entry into the
main trunk a short distance beyond the embolic obstruction, then the * segment
of stagnation * will be short and the extent of distal consecutive thrombosis is
likely to be short also.  On the other hand, 1t 15 conceivable that in some limbs
the collateral system may be so constructed as to provide an adequate circulation
to the distal part of the limb without requiring the participation of a long seg-
ment of the main arterial trunk  In such a case the * segment of stagnation’
will be relatively long and we might then find a consecutine thrombus of con-
siderable length, even though the imb has survived. Instances of this were also
observed. (See later in this chapter.) Changes in bloed coagulability probably
also play some part.

Available autopsy material

There were 34 autopsies in which a full exanunation of the imb arteries
was made 1 order to establish the full extent of the consecutive thromboss.
From these autopstes, information was obtatned relating to a total of 64 em-
bolised limbs (Cases Nos. 4, 6, 9, 10, 13, 14, 17, 2§, 29, 30, 31, 37, 42, 44+
45, 46, 47, 48, 50, £1, §2, £3, 55, §9, 61, 67, 69, 72, 74, 7§, 76, 78, 89
81). In 12 of these cases the nature and extent of the thrombi are Mlustrated
by diagrams (Appendix I). In some cases the arteries werce photographed (Figs.
3, 6, 8, 9). In Cases Nos. 42, 48, 53, 61, 69 and 75, post-mortem arterio-
graphy was carried out before the arteries were examined (Figs. 1, 2, 4, &, 7).
The following sections are based on the findings in these 34 autopsies.

EXTENT OF CONSECUTIVE THROMBOSIS IN 34 AUTOPSIES

Consecutive thrombosis may occur proximal to an embolus, distal to an
embolus or between two emboli  The three forms will be considered separately.

1. ProximaL CONSECUTIVE THROMBOSIS

Consecutive thrombosis proximal to an embolus is usually shight and unim-
portant. In the 34 post-mortem arterial dissections only 10 examples were
found. The relevant information 1s condensed m Table 16, which shows that m
7 of the 10 examples the proximal thrombosis occurred in the lowest part of
the aorta, the embolus bemg erther at the aortic bifurcation or mn the mouth
of the common 1liac artery, In 6 of these, the site, character and conformation of
the consecutive thrombus indicated that it was formed by a process of slowgrow(.h
and could therefore have had no appreciable nfluence in the acute 1schaemic
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TABLE 16
Provimal consecutese thrombosis

Yo examples from 34 autopsies (64 embolised finbs)

Cose | Ture mterval | Length of

Ste of embelus | from embolim | prowmat | Cheracter of provmal
No. to sutopsy | thrombus thrombus
5 | R. common femaral j wdgs | rom | Soft, recent, Alling Jomen
10 | R, superficial femoral i t~zyars | 2em | Soft, recent, hiling lumen
30 | Aortic bifurcation | Severstweeks | 12cm 1 Old, firm * pular thrombus’,
[ | ! apex free
l w {Aomcbiaton | edas Jem | Soft, recent, flling lumen
so | Aoruc bifurcanon | 4 years 2cm | Old conical thrombus, apex
' | free
! i
& | Aortic Lifurcation I adns ' gom | Furm black comeal thrombus,
| | apex free
! !
61 |Mouthof R common |  syear+ | 3em | Old, umlsteral, on adjacent
e | ! ! sortic wal)
i ,
6 L commonfemordl | ryears ' sem | Soft, recent, fllmg lumen
67 |{MouthofR.common | 2years | 3em | OId, umlateral, on adjacent
e ; | | sorte wall
63 | Mouthof L common igmonths | gcm | O, umhteral, on adjcent
ac
L

‘ j sortic walt

phase.  For example, 1n one case the embolus at the aortic bifurcation was sur-
mounted by a * pillar thrombus * nearly 12 cm long, rounded and unattached at
1ts apex and bearing on its surface transyerse striations suggesting deposition of
successive layers (Case No. 30, see Figs. 10 and 30). Two other thrombi in the
lower aorta had this * stalagmite * appearance (Cases Nos ¢o and 52). There
was one case of sortic embolism 1 which proximal consecutive thrombus ap-
peared to have formed rapidly after the embolism; 1t filled the lower segment
of the aorta completely and obstructed the inferior mesenteric and lower Jumbar
arteries (Case No. 31). This consecutise thrombus may have affected collateral
circulation but there was no other example 1 which this appeared likely

In the three examples not involving the aorta the proximal consecutive
thrombus was in the femoral artery, In all of them 1t was shght in extent,
appeared to have been formed terminally and could have had no effect on the
outcome,
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Cast No. 69 Embolism of right ovllary and braihual atteries,

The autopsy specimen (Fig 6) shows an unattached
thrombus with proximal and distal * tul thromb *, lying in the
allary astery at the mouth of the subscapular, The brachil
trunk 1s occluded by old decolonsed thrambus at two points:
(1) at the origin of the long branch (see below) and (2) at the
elbow,  (The decolorssed thrombus is not well shown in the
photograph but can be scen in the specimen, which has been
presersed 3 Roth the specimen and the artenograms (Figs
s and 6} inchicate that the embolus i the axillary actery did ot
completely occlude st

Aote

The arteries in this casc show a variaton described by
anatomusts (see Gray's Anstomy, 19th Ed p 764) The
radia) artery anscs from the brachual trunl just above mnd-
humcrus In making the injection, the cannula has been
inadvertently taserted mto thes rahal branch instead of the
brachial trunk, sts position 15 indicated by the hgature seenn
hg o

Fic 4 (Case No. 69)
Post-mortera arteriography of right upper limb,



B |

T

Fc ¢ Fic 6

Fic g (Case No 69) Post-mortem arteriography of right upper hnb  Unreduced print

Fic 6 (Casc No 69) Autopsy specimen  Right auilto-brachial trunk.
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Case No. gy, Fmbolsm of nght tho-
Jemotal and Jeft femoro-popliteal arteries
The specimen (Figs. 8 and 9) shows
occlusion of the nght flio-femoral trunk
down to mid-thigh and 1n the arteniogram
(Fg. 7) the whole of ths occluded
trunk 15 * mussing ', The  superficil
femoral and popliteal arteries belaw the
occluded segment of the trunk are seen
to be flled by collateral flow. On
the left side the ilio-femoral trunk 15
patent to the lower end of the common
femoral and has been visualised m the
arteriogram but the superficnal femoral,
deep femoral and popliteal arteries, which
are occluded, are * misang’  The speci-
men also shows that the occlusions consist
partly of organised thrombus and partly
of darker, more recent, *intermedute’
thrombus

Fic 7 (Casc No 75)
Embolism of right 1lio femoral and lefe
femoro-popliteal arteries  Post-mortem
arteriography of lower hmbs (injection

into lower aorta)



INJECTION

CASE No 75
DIAGRAM OF

PHOTOGRAPHS

PROFUNDA
FEMORIS

POPLITEAL
BIFURCATION

Fic o

FiG 8 (Case No 75)  Embolism of right ilto-femoral and left femoro-pophiteal arteres.
Autopsy specimen  lower aorta and ilio-femora-pophiteal trunks

Fig. g (Case No 75) Emtolism of right ilta-femoral and lefec femoro-popliteal arterres
Dragram of phocograph shown i Fig &
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Fig 10 (Case No 30)
Fmbolism of aortic bifurcation  Autopsy speclmen,
removed from lower aorta It consists of a
shaped embolus which lay at the bifurcation, b a
supenmposed * pillar thrombus *. The latter shows
striation, suggesting deposition of successive layers
from below upwards.
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MOREBID ANATOMY

1,

It can be fuded that proximal ive thr is rarely of any

importance in determimmg the o of an embol

2 Distar ConseCurive THROMBOSES

It is not easy to devise a satisfactory basis of comparison for the extent of
distal consecutive thrombosts in different cases of himb embolism. A simple
expression of 1ts length is not necessanily a true indication of 1s possible effect
w hampenng collateral exrculatzon For instance, 1n common femoral embolism
a thrombus extending as far as the end of the superficial femoral artery might
have a length of 20 em but since the arterial trunk has relauvely few branches
1a this part of its course its obl ton by hrombus wauld probably
have hitdde effect on collateral circulation  In the case of an embolus ocetuding
the bifurcation of the common thae, a consecutinve thrombus of shorter extent,
say 15 om, would block the mouth of the deep femaral and might therefore have
more serous effects,  In this discussion, distal comsecutne throrabosis has been
classified as * major > in degree 1f 1t extends to and blocks both divisions of the
next mam bifurcation beyond the site of the embolus

eg. In embolism of the mouth  Extending to the bifurcation of the com-

of the commen tac: mon diac or further

In erabolism of the bifurca-  Extending to the bifurcation of the
tion of the common iliac. common femoral or further

fn embohsm of the bifurca-  Extending to the hfurcation of the
tion of the common popliteal or further
fernaral

Consecutive thrombosss of lesser degree than this has been classified a5 “ mtnot
Atcording to this classification, the 64 hmbs exammed divded themselves
as fallows-
‘ Major * distal consecutwve thrombasis 32 lueobs
* Mimor ” or no distal consecutwve thrombosis: 32 himbs
Usmg these two groups, the fate of the funb bas heen related to the extent
of distal consecutive thrombosis.  The terms used m recording the fate of the
hrob are defined as follows

Primary gangrene  Gangrene becoming evident within a few days of the on-
set of acute 1schaemic symproms and occurnng while
the general condition of the patient 15 relatnely good.

Termuwal gangrene  Gangrene appearmng only after the patient has become
monibund from other causes, m a Limb whech hag
shown goad collateral circulation for at teast 7 days.

Limb srinal rate. Proportion of lunbs surviving without gargrene, ex-
pressed as a percentage of the whole group.

(Further details of these definitions are gwen 1 Chapter VIIT §
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ARTERIAL EMBOLISM IN THE LIMBS

At first sight there appears to be some association between * major* distal
consccutive thrombosis and grave ischaemia, In the group with * major’
thrombosis, primary gangrene occurred in 11 of 32 Iimbs (34%,), while in the
group with ‘ minor * or no consccutive thrombosts primary gangrene occurred
only in 3 of 32 limbs (9%). This difference 1s statistically significant (S.E. x 2
=19:4). However, the comparison 1s not svalid, for the group with * major’
thrombosis contaims more of the serious forms of embolism (aortic, iliac and
femoral) than the other group.  If we exclude the Jess serious forms of embolism
(brachial and popliteal), which rarely cause gangrene (Chapter VIII), the respec-
twve incidences of primary gangrene become 349, and 17%,. This difference is
not statistically significant (S.L x 2==24-2). The best comparison is between in-
dhividual arteries rather than imbs and this 1s shown in Table 17. The numbers
here compared are small but in the most numerous arterial category, comprising
cmbolism of the aortic bifurcation and the mouth of the common ilac, taken
together, the incidence of gangrene 1n the * major * and * minor ' thrombosts
groups 1s Wdentical  Comparison of the mb survnal rates grves similar results
Table 17 also shows that in 12 popliteal embolisms there was not a single example
of * major ’ consecutive thrombosis

TaBLe 17
Extent of distal consecutive thrombosis related to fate of lumb

Classified according to arterial site of embolism
Lowet limbs only

| Stte of embolism
Extent of Aorta or Common
istal Fate of limb Cilae | C.ilac | femoral | Popliteal
comsecutive onfice | dwison | division | dwision
thromboss
| Gambs | twmbs | Lmbs | Lmbs
|
| Sarvial [ i \ 2 —
\ Termemnal gangrene ’ 7 — 2 —
Major*
Primary gangrene | 8 ' — —
|
‘ Totals { 16 ‘ 2 4 —
Survival J 3 ' 5 s
Terminal gangrene ' f 3 3
* Minor’
Primary gangrene 4 — — —_
Totals ‘ 8 1 2 8 12




MOREBID ANATOMY

Consecutive thrombosis in upper Limb embalism

fhfteen cases of uppet Limb embolism {5 sallary, *© brachial) were ex-

aroined at awtopsy Not a single exaraple ©f + major | consecutve thrombosts

was found swoBg dem  One €3¢ (axitlary) developed gmngren® which was
robably termmal, though it was mot long enough under abservation 0 be

formally 50 classified (Case Ne. 73} I oo others (brachm!). death ensued 00

<oon for the fate of the Yymbs to be known (Coses Nos, rand 2 5)

Extensive consecutive (hyombosis without gangren®

“There were 7 examples of extenstve Gistal copsecutne shrombosis wathout
gangrene in the affected Lunb (Cases Nos. 4, 10y 14 29, 31 8% 75 See Figs.
36, 27, 19 3% 34, 3508 Apptnd!x By, Two examples may be quoted, i Case
75, thrombus flied the whote of the tight common 11iac externak thac and com-
mon Feraorat rrupks a0d extended 2 htle way w0t the 5uperﬁcm\ and deep
femaral (Figs §, 90 35 fn Case 14 2 embolus occluded the sortic bifureas
non and consecutine thrombus filled Poth \tro-femoral trunks down © the
ifurcations of the corman femorals, alse extending 04O the greater parts of
both imternal thacs (Fig 27} Thus patient Ined for g days after the onset of
scute yschaemade symptoms and then died of cerebral cmbolism, the circulation
in both lower Limbs remaning good to the end

Massive primary gangren® without consecutive thrembosis
There were thO examples of massive pomaTy gaogrene with httle or 80
consecutive thrombosts in one, a9 embolus accluded the sorhic Bifurcation
and the patient fved for 48 houts hefore dying with masne gangrene to the
omns Oft both sides At auropsy, there was ¥ery hittle cOnSECUttVe thrombus
n the nght common 11¢ and none 1M e left (Case Mo 25, Fig 18y In Case
76 there was an old-standing ouchusion of the Jeft external thae avtery  New
embolt lodged ® the Yeft common ‘g, external \sac and internal e and the
L rapudly becarne gangrenous Following amputation the patient jved for
two months and then dicd of cerebral embolsm A autopsys 1O consecutne
thrombus could be recogmsed 1 the atteries of the Yeft lower Lmb (Fig 36)

3 INTER-EMBOUE THROMBOUS

When tWwo embolt have lodged 5t different fesels m the same bmb, con-
seoutve thrombosis WY occur 1 the segment of arterial trunk enclosed between
the twe emboly  There were 17 artersal trunks On 1§ pauents) occluded by
rwo ot more separate embolt 2t adiecent Jevels. In g of these arterial trunks
consecutive thrombus Was found completely filling the \nter-embolic segment,
sn 1 trunks i€ filled some patt of ths segment and in the remaining & artend
grunks there was ne mter-embobic (hrombas at alt. “The findings gi+e ve grounds
for concluding that snter-embohe thrombosis ?la)ed any part in

A3
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ARTFRIAL FMBOLISM IN THC LIMBS

gangrene.  In the 4 patients who developed primary gangrene, the inter-embolic
thrombosis was complete in one, incomplete in two and absent in one,

In certan cases, the character of the inter-embolic thrombus gne some
indication as to whether it had formed soon after the embolic occlusion or con-
siderably later  There were 11 examples 1 which some assessment could be
made. In 4 of them the inter-embolic thrombus appeared to have formed soon
after lodgement of the emboli; n 7 it appeared to have formed much later.

These findings suggest that when an arterial trunk is occluded by two
separate emboli, some circulation may be mamntained in the intervening segment
through collateral branches leading nto and out of st, This could exvplan why
in some 1nstances there 15 no inter-embolic consecutive thrombosis. At some
subsequent time, perhaps through detcrioration of the general circulation, this
local inter-embolic circulation may fail, with resultant thrombosis i the segre-
goted arterial segment.  There was no indication that tius could precipitate
gangl’cnc

CoNcLusioNs

The results of this study of consecutive thrombosis do not support the
commonly held view that 1t may be the deciding factor causing gangrene in an
embolised limb. A number of facts arc inconsistent with this theory

1. Consecutive thrombosis does not appear to precipitate gangrene in upper
hmbs, indeed, 1t seems rarely to occur there.

2 Extenstve consecutive thrombosis sometimes occurs without preciputating
gangrene.

3. Massive gangrene sometimes occurs in the absence of consecutive throm-
bosis.

4- IF unbiased comparison be made, 1t 1s not possible to show any higher
incidence of gangrene i embolic occlusions with major degrees of con-
secutive thrombosis than in those with mmor degrees.

The extent and rapidity of formatton of consecutive thrombus seem to be
determined manly by the extent of the * segment of stagnation * 1n the occluded
arternal trunk and this latter 1s probably determuned by the anatomucal course
of the collateral circulation,

This conception can be illustrated by Case No. 14, in which there was an
embolism of the aortic bifurcation and of the right common femoral bifurcation,
probably occurring about the same time, The patient survived for g days before
dying of cerebral embolism and up to that time there was no threat ofgangrene
1n erther lower imb, At autopsy, consecutive thrombus was found filling both
lio-common femoral trunks completely, as well as the greater parts of both
internal iliacs. However, it extended no further into the superficial femoral on
the right side (where there was also an embolism of the common femoral) than
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MOREID ANATOMY

on the left (Fig. 27). The anastomosing smalier branches of the diac vessels
must surely have taken part 1 the of this adeg 11 b oo
culation; yet they could apparently do so without particspation of the mawn
iae trunks themselves.  These aliac trunks formed a * segment of stagnation *
and so became thrombosed without impaurment of the collateral eirculation,
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VI

Clinical Features

SYMPTOMS
¢ Silent > embolism

During the past twenty ycars a number of observers have pointed out that
the symptoms of limb embolism may sometimes be slight or even entirely absent
(e g Folle (1936), Humoviar (1937) ). Frolle and Haimovici applied the term
“ embolie occulte ’ to cases without any symy and ¢ embol qué *or
* embolie amischémique * to those which recovered spontaneously ~However,
most observers have regarded both types as exceptional. Haimouic (1937)
wrote that cases of ‘ embolie manquée ’ are ¢, .. infinitely less frequent than
those with grave rschaemia, Icadmg 1n the worst cases to gangrene ', In his fater
study (1950), he recorded * silent * embolism 1n 17 out of a total of 300 occlu-
stons but he localised 10 of these 1n small arteries such as the anterior tibial,
posterior tibial and ulnar. In the same series he recorded ‘anischaermic embol-
1sm " in 76 cases (25-3%,)

In Chapter Hl was recorded the dence of pulse defi 1es in the limbs
of 269 patients with mutral stenosis who made no complaint of ischaemic symp-
toms (though in some of them questioning revealed a history of acute 1schaemic
symptoms in the past) Evidence of major arteral occlusion in one or more
limbs was found 1 g1 of these patients but a history of past ischaemic symptoms
could be elicited only in 26 (a further 7 patients gave a history of past cerebral
embolism)  Most of the pulse deficiencies were probably due to embolism with
spontaneous recovery and 1n nearly half of them the embolism appears to have
been ‘silent’. In some of these latter there may well have been symptoms
which the patient could not recall, but this itself suggests that they must have
been very mild.

It seems unlikely that embolism could occur in a large artersal trunk such
as the thac without symptomns and most cases of silent embolism are in less
important trunks such as the brachil, popliteal or deep femoral. Embolism of
small arteries such as the tibial, radial or ulnar is probably silent 1n many cases
and usually escapes chinical diagnosis.  In the writer’s materal, excluding
¢ pseudo-embo]lsm', there were 118 embolic incl(%::ms and these included 23
in which no history of any symptoms could be obtained. Twele of them were
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CLINICAL FEATURES

in the popliteal artery, 3 in the brachial and 1 in the deep fermoral. There were
7 in Jarger artevies (g iliac, 1 femoral, 1 axiftaty} but it is noteworthy that i 4
of these there had also been a terebral embol possibly simul , which
must have obscuved the symptoms of the hmb embolism. Examination of the
}imb pulses m patients who have had cerebral embohsm not uncommonly reveuls
signs of old peripheral embolim which bas escaped attention 1n this way.

The relatisely fow mesdence of upper hmb embolism m most of the pub-
fished serses (Table 14) is further evidence of the occurrence of embolism with

Tasie 18
Modz of onset ond sesersty of maual yoptoms i hwh embolism
85 meidents i which thete data were recarded

1
S of Nurnber | Mode of ousetr | Sexerity of smatsal symptoms
embolism | of easos | g aqun Gradual | M ' Moderate | Severe 1* Shock *
Upper harks § } : . |
; . .
Awllary $ | &, oz P ¢ bt
Brachiat B Z 2 : s L e
Lower fumbs X '
i i
Aorta 15 \g uooe * E o, 6 .
| ' '
fhac ® j [H v ¢ ! 3 4 2
Femoral ! 1§ 14 s LI 2 s -
i v ' ¢ i
N
Allsites % [N ‘ 67 | e 4 34 E I
Summazy of Table 18
33 Aortic and abac embolysms Onset sudden 4% (91%)
Symptoms severe Yo (65%)
* $hock 6 {3835
18 Femoral and suiliury embulisms  Onset sudden 6 (1%}
Symproms severe & {19
* Shock >, —
24 Popliteal and brachiat Onset sudden 1 (n%
Symptems sesere 5 %)
* Shoek * - -
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ARTIRIAL EMBOLISM IN THE LIMBS

minor symptoms, Cerebral and lower limb embolism are common and it can-
not be supposed that the upper limbs are really so much less subject to 1t
Because 1ts symptoms are so often mild, upper hmb embolism less often comes
under observation  (In Chapter V the same point was made about popliteal
embolism )

It must be concluded that spontancous recovery from limb embolism is
relatively common and that cases with very shight or even absent symptoms are
by no means rare.

Manner of onsct and severity of initial symptoms

Traditional accounts of embolism of the Iimbs describe the onset of symp-
toms as sudden and dramatic but many observers have reported cases n which
the onset was insidious and this has been re-emphasised by some of the more
recently published general accounts (Haimovic (1950), Richards (1954) ). The
type of onset and degree of severity of mnitial symptoms in the clinical cases of
this study are recorded in Table 18.  The gradual type of onset occurred mainly
in embolism of the small or medium-sized arteries but it was not unknown
even in 1lac and aortic embolism,  The severity of the imitial symptoms was
graded directly in relation to the size of the artery occluded  General symptoms
resembling  shock ” occurred only 1n embolism of the aorta or ihac arteries (see
Table 18, also section on * General symptoms °, later n this chapter).

Local symptoms

There 1s a record of some local symptoms 1n 99 of the 118 embolic incidents
(‘ pseudo-embolism * excluded). Table 19 shows the incidence of the various
symptoms recorded.

Bearing in mind the fact that cascs of embolism seen in hospital represent
only a proportion of the whole, we see that pain 15 the commonest local symp-
tom; 1t occurred in 7o of the 99 incidents with recorded symptoms, or §9%, of
all incidents.  The pain was most commonly of * distal * type, localised to an
area well beyond the site of the embolus. * Arterial pain’, 1 e. pain near the
site of impaction of the embolus was much less common.

¢ Distal pan ' alone* 58 macidents
¢ Distal pain * plus ¢ artersal pan * 11 incidents
¢ Artenal pamn * alone: 1 ncident
Pain absent: 11 incidents
Inadequate information as to pain: 18 incidents

All incidents with symptoms recorded: 99 incidents

‘The pain ranged in severity from a mild aching (e g. Case No. 3) to a violent
cramp-like pamn, hardly endurable (e g. Case No. 7). * Arterial pain’, when it
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CLINYICAL FEATURES

Tauce 19
Incidence of sarsons Jocal gmptoms in 118 embohe wordents
¢ Pseudo-embelism 7 excluded)

Nurber of werdents

Symptom i which 1f was 9%, of tatal
recorded

Pain 8 §9%
Subjective cald feeling 45 38%
Numbness, * dead feehing * 44 3%
Lose of power, weakness, *hesvy feel !
g " | o Pou%
Tinghng, * pins end needies’ 7 | 84z
Intermtient claudication , s 385
Pallor of hmb (noted by patsent) i 3 A
Swetling of imb (nated by pauent) ' 2 t 3%
Faintness feomplaned of by patient} kS 7%
Mental confusion ' A
No history of any symptoms 3 13 199,

Groups of gymptems appearing frequensly in wabinotir
{Mutually evclusne)

Pan Pars

Narbness } 36 wnaudents Numbess 1o moxdenss
Loss of power,

Pan

Numbness 1€ merdents Pan

Coldness Numbpess
Coldness 7 weidents

toss of power

cecurved was always muld and transient  [a the 13 incidents with a record of
* arterial pain *, the embolic site was at the aortic bifurcation i ¢, 1 the common
thae artery i 6 and in the axillary i 5. (The question of * arterial pain * and
3ts sigmificance 35 discwssed 1n Chapter X.)
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ARTERIAL IMBOLISM IN THE LIMDS

The other common local symptoms, in order of frequency, were subjective
feeling of coldness, numbness or ¢ dead feeling *, loss of power i the limb and
tingling (* pins and needles ). There were no other local symptoms of any
importance,

General symptoms

Apart from symptoms due to the causative heart discase, there are some
cases of limb embolism who present general symptoms attributable to the em-
bolism itself.  Table 18 shows that a small number of cases, all examples either
of aortic or common iltac embolism, had general symptoms described as ¢ shock ’,
These patients showed facial pallor, general prostration and in some cases sweat-
g, The resemblance to surgical or traumatic shock, however, 1s only super-
ficial. The palor, sweating and general distress probably represent a reaction
to severe pain. In contrast to patients suffering from true surgical shock, the
blood-pressure of these cases tended to be rarsed above normal level during the
carly stages after onset. Table 20 records the blood-pressure readings in the 6
patients. In 4 of the § who were scen soon after onset (up to s} hours) the
blood-pressure was somewhat above normal level. In the patient first seen 24
hours after onset the blood-pressure was low (Case No, 125).

TABLE 20
Arterial blood-p. in cases of embolism showing general ¢ shock’
Case | Siteof | Timeafter | Arteral | Evidence of essential
No. | embolistm | onset ‘ WP 1 hypertension
V| Aorta ‘ £ hours I 190/130 i None
Lel sthours | 1g0f100
8 & None
RCI 11} hours | 180/105
25 Aorta 24 hours 90f? ! None
2} hours 130/9§
50 Aorta None
11j hours | gof7s
64 Aorta 3 hours 140/100 None ,
56 | LCL tseveral | 1r0f70 Present
hours (chinical & P.M.)

Blood-pressure readings at an early stage after onset were recorded in 2

N ,

further 7 incidents i which the initial symptoms were classified as *severe’,

though not amounting to general ‘shock”. In 6 of these the blood-pressure
fo
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was above normal level, though 2 had evidence of essential hypertension which
may have accounted for it. In inmdents with symptoms clasufied as ‘muld*
there ate very few recorded data on this point.

A rise of general artenal blood-pressure follow ing ocelusion of a farge artery
was described many years ago (Katzenstesn (190%) ). It probably results from
the sudden exclusion of an extensive arternl field from the general awcula-
tion, with consequent rise of relatue blood volume. 1t may be succeeded 3
few hours by a state of low pressure, especaally in patients who are developing
gangrene. It was observed only in embolism of the aorta and the iliac arterics.

In a patient with severe heart fnlure, this sudden rise of blood-pressure
may cause aggravation of the fabure and so produce the raped general detenora-
ston and death sometimes seen 1 aortic embohism (Case No. 64)  When there
1s no heart falure, the wcrease of blood-pressure may well fvour the establish-
ment of colfateral airculation and any form of treatment wiich may counteract
1t 15 to be avoided {Chapter Xiy

Physical signs

The information on physical signs here gnen 1s based on incidents of himb
embolist seen not more than 24 hours after the onset of acute ischaemic symp-
toms {for brevity, this is hereofter referred 1o as  onset '), There were 42
such cases, comprising.

Aortic embolism: 8 inerdents
Common iliac embolism § madents
Common femoral embolism 6 mcidents
Superficial femoral embolsm: 1 incident
Popliteal embolism: 7 wodents
Axsflary embolism: 4 wmadents
Brachial embolism. 8 incidents

Total 42 incsdents

Colour changes in the skin

Colour changes were recorded as patlor or cyanosis, esther separately or in
combimation. They were present in the great majority of incudents seen wathin
14 hours of onset  The changes observed at first exammation were

Colour normal: # incidents
Pallor alone. 12 madents
Cyanosis alone: ty incidents
Paflor of part of limb, cyanoss elsewhere: 7 meidents
Information lacking 2 sacedents

Total: 42 incidents
3t
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The two incidents in which the colour of the limb was normal were Case
No. 6o (axillary, seen at 15 hours) and Case No. 79 (pophteal, seen at 8
hours).

(There were 1o further incidents, first seen 24~48 hours after onset and in
3 of these the colour of the limb was then normal.}

In most eases in which pallor was combined with cyanosss, the pallor was
confined to the distal extremity of the hmb, with 3 zone of cyanasis provimat to
it.  Pallor mottled with patches of cyanasis was scen in 4 incidents and this
mott(it\g extended to the digits 1n 3 of them, One case had a distal zone of

extreme pallor with a more proximal zane of cyanotic motthng. Pallor of
extreme degree, with a slightly yellow tinge and appearance of translucency
of the tissues, is usually described as * waxen pallor /5 it indicates a hgh degree
of bloodiessness,  Pallor of this type, volving at least the whale of the foot, was
seen in 7 incidents : 3 aortic andd 4 common ilac, Waxen pa“or and severe
pallor with cyanotic motthing were seen only in cases with the most grave
ischaceua (Chapter VIII—* Prognosss ). Seme degree of cyanosis was seen more
commonly than pallor

After an embolic occlusion there is a natural succession of colour changes
in the skin, depending on the degree of improvement of the cisculation. The
immediate effect of the arteral occlusion is to praduce pallor If collateral
circulation is good, as it develops the pale area will acquire some colour, at first
cyanotic while the carculation 1s sluggish, hater tending towards the normal pmk
colour as circulation improses  If collateral circulation be poor, cyanosis will
be decp and peesisteat; if it be absent or almost absent, pronounced pallor will
persist for 3 long period  The cyanotic mottling already mentioned is of special
interest. It guves the impression of a feeble cireulation, supphed to the shmn at
isalated points by a fraction of the shin artersoles, the number being too few to
provide unsform perfusion of the capillary network. In such a state, cirenlation
15 very hittle better than in the limb with waxen pallor

When necrasis occurs, a new colour change usually appears, due to extrava-
sation of blood into the dead tissues  This deep state-blue colour cannot be
blanched by pressure and is thercfore eassly distinguished from deep cyanosss.
In profound 1schacma, the extremity of the hmb may sometimes be so blood-
fess that extravasation staining cannot deselop there and the foot, for example,
may retan 2 waxen appearance, while a zone of extravasaion staining appears
more proximally. Ultimately the pale extrenuty may begin to darken with the

develap of ification.  Occasionally, chemical changes in the decom-
posing blood-pigments may engender a change in the colour of the extravasation
staining from slate-blue to bright red (Case No. 9)

When early changes are compared with later developments, certain ten-
dencies emerge and these are of some salue for prognosis, The main point of
interest is the duration of palior in recovering limbs, as compared with Junbs
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destined to becomte gangrenous. There were 30 embolic incidents, involving
35 himbs, in which the frst examunation was made not more than 1o hours after
onset. Twenty-one of these Limbs survived and 10 developed primary gangrene;
in 4 the result was indetermmate (this term 1s defined in Chapter VHl) Table
21 gives some ndication of the duration of palior (extending over the whale
hand or foot) in surviving limbs and m himbs which later became gangrenous.
Tt shows that in sursiving bmbs this sign was often seen up to 2 hours after onset
{7 of 10 limbs) but not later (11 himbs), In non-surviving fmbs, § out of 5
sull showed pallor invelving at Jeast the whole hand or foot when examined
more than 7 hours after onset. It would appear from this that fn the great
majority of limbs w ith adequate collateraf cireulation palior does not persist for
more than shout 2 hours after onset (see alse Chapter Viify,

Extravasation staining

Exirasasation staning was obsen ed i 30 embohc nadents, It never ap-
peared fess than 18 hours after onset and there were only 4 mesdents i which it
appeared within 36 hours  There were 6 madents wn which the staining, when
first observed, appeared as a few small patches only (less than 1 cm in drameter).
In 4 of these the hrmb survised (in 2 with localised dermal necrosis which subse-
quently healed), ;3 there was massine gangrene  In & madents the staining
appeared n large patches and m 16 1t was confluent  In all these 24 cases it
heralded massne gangrene.

Objective coldness of the skin

Skin temperature measurements cin be made with an electricat resistance
thermometer, but for most chmeal purposes palpation with the dorsat aspect of
the exarmuner’s fingers 15 quite adequate A difference of 1-1+¢° C m the skin
temperature of two Junbs can usually be detected wr this way  Objective cald-
ness of the skin was very smer 1n s incidence and usually almost wdentical
m s extent o colour changes (pallor or eyanwsis). Jn the 42 madents, the
sign was vecorded as present i 39 (nchuding the two with normal skin colour)
and absent mone (a3 ncidents the record wias deficsent in this respect )

Objectively demonstrable muscular weakness
Examuation for this sign was recorded in 35 of the 42 inadents, Some
degree of impmrment of pawer swas found m 22 and power was normal 10 13.

When mpured, museular power usually mproved par passu with the improve-
ment of the sschaemic skin signs, sometimes yery rapidly
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ARTERIAL EMBOLISM IN THE LIMBS

The two incidents in which the colour of the limb was normal were Case
No. 6o (axillary, seen at 15 hours) and Case No. 79 (popliteal, seen at 8
hours).

(There were 10 further incidents, first secn 24—48 hours after onset and in
3 of these the colour of the limb was then normal.)

In most cases in which pallor was combined with cyanosis, the pallor was
confined to the distal extremity of the limb, with a zone of cyanosis proximal to
it. Pallor mottled with patches of cyanosis was seen in 4 incidents and this
motthng extended to the digits in 3 of them. One case had a distal zone of
extreme pallor with a more proximal zone of cyanotic mottling  Pallor of
extreme degree, with a shghtly yellow tinge and appearance of translucency
of the tissues, 15 usually described as ‘ waxen pallor *; it indicates a high degree
of bloodlessness.  Pallor of this type, involving at least the whole of the foot, was
seen 1n 7 incidents : 3 aortic and 4 common thac  Waxen pallor and severc
pallor with cyanotic mottling were seen only 1n cases with the most grave
ischaemia (Chapter VIII—* Prognosis °)  Some degree of cyanosis was seen more
commonly than pallor.

After an embolic occlusion there 15 a natural succession of colour changes
in the skin, dependmg on the degree of improvement of the circulation. The
immediate cffect of the arterial occlusion 15 to produce pallor  If collateral
circulation is good, as 1t develops the pale area will acquire some colour, at first
cyanotic while the circulation 1s sluggish, later tending towards the normal pink
colour as circulation improves  If collateral circulation be poor, cyanosis will
be deep and persistent, 1f 1t be absent or almost absent, pronounced pallor will
persist for a long period. The cyanotic motthng already mentioned is of special
interest. It gives the impression of a feeble circulation, supphed to the skin at
isolated points by a fraction of the skin arterioles, the number being too few to
provide uniform perfusion of the capillary network. In such a state, circulation
is very little better than in the limb with waxen pallor.

‘When necrosis occurs, a new colour change usually appears, due to extraa-
sation of blood into the dead tissues. This deep slate-blue colour cannot be
blanched by pressure and is therefore eastly distinguished from deep cyanosis.
In profound 1schaemua, the extrenuty of the limb may sometimes be so blood-
Tess that extravasation staining cannot develop there and the foot, for example,
may retain a waxen appearance, while a zone of extravasation staining appears
more proximally, Ultimately the pale extremity may begin to darken with the
develof of fication. Occasionally, chemical changes in the decom-
posing blood-pigments may engender a change in the colour of the extravasation
staining from slate-blue to bright red (Case No. 9)

When early changes are compared with later developments, certain ten-
dencies emerge and these are of some ralue for prognosis. The mamn point of
interest is the duration of pallor in recovering limbs, as compared with limbs
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destined to become gingrenous, There were 3o embolic inadents, Involving
35 limbs, in which the first examination was made not move than 1o hours after
onset, Twenty-one of these limbs survived and 10 developed primary gangrene;
in 4 the result was mdeterminate (this term is defined an Chapter Vil). Table
21 gives some indication of the d of pallor (extending over the whole
hand or foot) in surviving lunby and in limbs which later became gangrenous.
it shows that in survaving limbs this sign was often seen up to 2 hours after onset
(7 of xo limbsy but not later (53 hmbs). In nonssurvning himbs, 6 ont of
still showed pallor molving at least the whole hand or foot when exammned
more than 2 bours after onset. It would appesr from this that m the great
majoraty of limbs with adequate collsteral circulattan pallor does not persist for
more than about 2 hours after onset (see also Chapter Vi),

Extravasation staining

Extravasation staiaing was observed in 3o embolic ncidents. It never ap-
peared less than 18 hours after onset and thete were only 4 medents i which it
appeared within 36 hours. There were € wncidents in which the staing, when
fisst observed, appeared as 3 few small patches only (less than « om i dumeter).
In 4 of these the mb sunvived (in 2 with locahised dermal necrosis which subse-
quently healed), 1 2 there was massne gangrene a8 modents the staming
appeared i Jarge patches and 1n 36 1t was confluent  In all these 24 cases it
heralded massive gangrene.

Objective coldness of the skin

Skin temperature meastrements can be made with an electnical resistance
thermemeter, but for most chnwcal purposes palpation with the dorsal aspect of
the examiner's fingers 1s quite adequate. A difference of 1-1 ¢° C. m the sken
temperature of two lunbs can usually be detected in this way. Objectsve cold-
ness of the skin was very smilar in 1ts ncidence and usually almost identical
10 its extent to colour changes (pallor or cyanosis)  In the 42 naidents, the
sign was recorded as present in 39 {including the two with normal skin colour)
and absent i one (I 3 sneadents the record way defivent i ths respect )

Objectively demonstrable muscular weakness

Examination for this sign was recorded i 35 of the 42 modents  Some
depree of impairment of power was found s 22 and power was novmal m 13,
When tmpatred, muscular powver usuatly improved pan passu with the wnprove-
ment of the 1chaeme skin sigas, somerimes very rapidly,
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Tendon reflexes

The condition of the tendon reflexes was recorded only in 8 incidents seen
within 24 hours of onset (all lower limb occlusions). In 7 cases the tendon
jerks were 1mpaired or absent (most commonly the ankle jerks only) and in one
they were normal (this case had only slight impairment of muscular power)
The tendon reflexes usually returned when muscular power recovered, though
often more slowly.

TasLL 21
Pallor of the whole hand or foot as a prognostic sign 1 embolism

30 incidents (35 ltmbs), all seen within 10 hours of anset

! Subsequent fate of limb
|
rD“m’l"" l Survisal 1‘ Primary gangrene | Indeterminate
of symptoms |~ - | T 7ETETRC | RO
when |
| Number « Number Number
examincd 1 Number ® iy thys Namber ' s | Number | e
| of limbs | of imbs of mbs
g | s )
o-1 hr 7 5 - b ' '
! \
1-2 hrs ‘ 1] 2 Voo e ’ 1
o-1 hrs ) 10 ‘ 7 [ ‘ [ [ 3 ’ 2
ashes | 1 - | 4 ‘ 5 [ - -
|
s—10 hrs h 4 | - “ 2 ! 1 r T -
2-iohrs 1 o - . ‘ 6 ’ ' ' -

Sensory impairment

Examination of cutancous sensation was recarded in 29 of the 42 incidents.
Some degree of objective sensory loss was found in 20 and sensation was normal
in 9. Details, including the fate of the lumbs, are condensed mn Tables 22 and
23. Chief interest attaches to the relation between extensive and persistcrfl
sensory impairment and subsequent gangrene. From the data in Table 22 it
appears that in aortic and 1liac embolism
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TABLE 22
Level of sensory tmparrment related to fate of hmb

Aortic and common tliac embolism—11 mcidents with adequate record
(Al first exammed within 24 hours of onset)

Upperlevel | Level on

Case | Sueof | Timealter | ofienory | followmg | Fate of b
No embolism. onset impairment day
L grom Unchanged | Gange thugh
1 | Aorta 5 hours
R. mud-thigh | Unchanged | Gangr leg
L mudleg | Lower Survived
4 | Aorta 20 mns
R mdleg | Lower Survived
I | \ ]
L ml Ml Survived
14 | Aorta 61 hours
R onl N Survived
L ml* Nil Survived
50 | Aorta 2} hours
R lnee Unchanged | Gangr mud Jeg
7 71 RC1 ) 1§ hours | Knee Lower SunnedT
Lcl shours | Knee Unchanged | Gangr 1mid-leg
8
RCI shours |Middugh [l lower | Gangr mudleg
2 7& Lct 2hours | Nil ] N Survived
4 |RCT 73 hours | Midthigh | Unchanged | Gangr thigh
@ [re l shours | Nl [ Survved
6 |Lct | tgtows |Tosonly |Mudfoor | Surwned

* Thus limb had survived C I embolism 16 months earlier
+ This humb survived with severe 1schaemuc fbrosis after embolectoray.
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TaBLE 23
Lerel of sensory impairment related to_fate of limb

Common femoral and popliteal embolism—g incidents with adequate record
(All first examined within 24 hours of onset)

! J
Upperleel | Level on
Case | Siteof | T o
o | et | Tmeler | o sensory | following | Fate of hmb
mparrment day
9 |RCE | zihours | Tows shghy ? Survived
1. ),
20 |RCE | rijhows | Midfoor Unchanged | Gangr. low leg
i i (extended
I r later)
1 |[RCFE | 15 hous [ Ankie Lover Sorvtved
40 |[LCE | sohours |Ankke Lower Survived
“ |ip f’ 12 hours | Nil Nl Surwved
45 r LP* | sihours | Midfoot Higher | Gangr - mudleg
" (2 termnal)
60 ‘ Lp ; 12} hours | Nil anl Survived
7 L1 aghous [Mdpor | 7 |G dowle
| (? termnaly
1 " 3 !
7 |LP | 3hows | Aokt [Loner  |Somaned

* This case also had partial occlusion of the L C 1.

Six limbs which became gangrenous all had sensory impairment to the knee
or higher, persisting more than 2 hours after onset.
In 9 limbs which survned 5 had no sensory impairment,
1 had 1mpairment in toes only,
2* had impairment to mid-tibia,
1t had impairment to knee.

* 20 minutes after onset.
T 1§ hours after onset

In these g surviving limbs, therefore, none had sensory imparrment affecting
as much as the whole foot and persisting more than 2 hours after onset. The
two cases (3 limbs) who had sensory jmpairment extending above the ankle
were both examined less than 2 hours after onset. In each case the level of
sensory Joss was recorded as * lower ’ on the following day but the exact rate of

regression is not recorded. .
£



CLINICAL FEATURES

in common femoral and pophieal embolism (Table 23), none of the o
Iimbs had sensory impaivment extending above the ankle, Six of these limbs
surtived, Three limbs became gangrenous but in one of these the patient was
moribund from ether causes when gangrene developed (Case No  74) and
one other there was a partial occlusion of the common tdiac as well as the occlu-
ston of the popliteal {Case No. 45). The thurd case may have been adversely
affected by inappropriate treatment (elevation of the limb,  Case No 20).

Extensive and persistent sensory tnpatmment, ltke persistent pallor, there-
fore appears to be a sign of considerable prognostic value (Chapter VHT)

Venous refilling sign

In arterial ischaemaa of extreme degree, the superficaal veins of the hand or
foot may be mwisible.  When the schaemia is less severe the vems are usually
wsble but of collateral cireulation be poor they may appear only as dark threads,
not raised above the surface  In cases with better cotlateral arrculation the veins
may show some degree of fullness, though usuily less than that of the normal
hab (Nysteom (1936} ). The venous circulation may be evammed by noting
the rate of refilling from the periphery after emptying 2 vein by expression.

Richards (1954) ducussed this sign and pointed out that after the lapse of
some houss the superfical vetns may become over-filled, prabably as a result of
thrombons of the man deep vems of the hmb  However, 1 cases of embolism
examined relatively soon after onset, the sgn was found to be of some salue m
assessing the degree of schaem@  The test was made i 15 embolic ineidents,
The result of the test 1s rather difficult 1o classtfy precisely but there were 14
incidents in which the rate of refilling of the vern was recorded as * neghgible *
or * stuggesh * and primary gangrene ensued in 8 of these  in 6 examples classified
as * faurly good * or * normal ” the limb survived sn gvery case.

Arterial pulses

The * carchnal sign * of artersal embolism s sbsence of the palpable arternal
pufses distal to the occlusion,  This sign 18 not wvanable and some pulsation
ay perssst beyond the embolus in certan conditions:

t Pulsation 1n 8 large artery, ¢ g the lac, may sometimes be transmitted
through an oveluding embolus so that 1t is fekt for some distance beyond
the occlumion (‘Nordentoft’s sign ). This probably occurs when the
occluding embolus 15 2 soft, very recently formed thrombus {Chapter V
' Character of embolic thrombs’) It usually disappears within a
couple of days.

2. An embolus may sometmes not occlude the artery completely—pre-
sumably wher it e astride an arterial bifurcation, occluding one diviv
ston completely and the other partialty.
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ARTERIAL EMROLISM IN THE LIMBS

3. In cases with very good collateral circulation, a weak pulse may sometimes
be transmitted through the collateral vessels to the main trunk beyond
the embolus.

Even when pulsation persists beyond an embolic occlusion, it will almost
mvaniably be weakened as compared with the normal limb. 1t 1s important to
take these facts into consideration in diagnosis, for correct localisation of the
site of an embolus depends more upon its effects on arterial pulsation than on
any other evidence. In determination of the site of an embolus, therefore,
weakened pulsation usually has the same significance as absent pulsation {Chapter
VII)  Many authors have suggested that pulsation proximal to an embolus may
often be weakened by spasmodic contraction of the occluded artery. In the
writer’s experience this 1s rare (Chapter X)

There were 66 embolic occlusions scen within 7 days of onset (* pseudo-
embolism ’ excluded). Among these there were 13 in which at the initial

TABLE 24
Persistence of pulsation distal to an embolic occlusion

Time of diagnosts and site of embolism
66 incidents, all seen within 7 days of onset

Incidents with persistent pulsation
Time after onset | To%! “‘:'"‘b" of
wcidents Site of embolism \ Number
\ )
Aorta | 2
Common iliac 4
o-to hours 30 Asallary '
Brachial | 1
All sites 1 8
Aorta N
Common femoral t
10-24 hours 14
Axillary '
All sites %
24-48 hours 1o — —
A
1-7 days " Common 1lhac t
-
o7 days 66 Allsites s
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Persistence of pulsauon dustal to an embolic occlusion

Tane 25

11 evarples, all seen within 14 houts of onset

Pulses present at oL
Cate | Sueof | frstexammation Pulses ater
oy e . disappearance | Fate of himbs
Astery | Volume of pulses
6 | Aorta R fem [Good {R &L pop |Bothwwhinig (L PG*
{ L fem Weak | All foot p hours R PG
o (Rt g T8 broch | e 2 | both watun 5+ | Surenat
] Rord | Wek — ot days
14 | Aomia R fem  {Good (R pop Alwoydays L Swvea
Lfem  [Good | Allfoorp (6 hoursbefare 1R Surveval
L pop | Good death)
15 | Aortat L fem, Gaod AR foot p Pres atiydays {1 Survanal
L opop Good Absentat 18 R Surnal
R fem Weak manths
R pop | Weak
3¢ frent L el [Wek (L fem Pres sty days | PG toankle
i pop L fem pafp ar
A3} fout p 7 dayx
35 L brack {L rad | Weak — In 4 days Survsval
T
45 {RCIH R fem Weak [R pop In 48 hours PG oo thigh
R footp
43 \LCF} ltpop |Wek [L fontp In 3 days Sursival
g4 [L axll} L brach | Wesk |U Ie brach  [In 2days PG e
{upper) Lo radis
L ulnar
s¢ | Aora L fem | Wek (L pop - tndeterminate
L footp (Bred at 43
R fem Weak | R pop — howrs )y
R footp
65 [LCI¥ |L fem. | Wek |L gop In 14 bours | Sorvval
e,
7 {LC1 Ufers  {Weak |1 pop Pres ot 2 P G. to ud-
{ { & footp months feg

# P G ~Prmary gangrene
+Site nat anatomically senficd but chmcally very prabable
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ARTERIAL EMBOLISM IN THE LIMBS

3. In cases with very good collateral circulation, a weak pulse may sometimes
be transmitted through the collateral vessels to the main trunk beyond
the embolus.

Even when pulsation persists beyond an embolic occlusion, it will almost
invariably be weakened as compared with the normal limb. It 1s important to
take these facts into consideration in diagnosis, for correct localisation of the
sitc of an embolus depends more upon its effects on arterial pulsation than on
any other evidence. In determination of the site of an embolus, therefore,
weakened pulsation usually has the same significance as absent pulsation (Chapter
VI).  Many authors have suggested that pulsation proximal to an embolus may
often be weakened by spasmodic contraction of the occluded artery. In the
writer's experience this is rare (Chapter X).

There were 66 embolic occlusions seen within 7 days of onset (‘ pseudo-
embolism * excluded). Among these there were 13 1n which at the initial

TABLE 24
Persistence of pulsation distal to an emboltc occlusion

Time of dhagnosts and site of embolism
66 mcidents, all seen within 7 days of onset

Tume after onset Total number of Incidents with persistent pulsation
medents Site of embolism Number

Aorta 2
Common iluc 4
o-10 hours 30 Aullary '
Brachul , 1
All sites ‘ 8
Aarta 2
Common femoral 1

so-24 hours "
Axillary '

1

All sites 4
24-48 hours 1o _ _
2-7 days 1 Common iliac )
o-7 days 66 All sites 13
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these patients suffered from renal damage and biochemical disturbance, especially
potassum imbalance. Guthkelch (1943) reported a case of this type following

TaBLE 26

17 embohic incidents with local signs of ischaemc muscle damage

Grade of Duration of .
Case Snl:lof F]zte l:af muscle acute muscle Flnalll'e;ull of
No. | embohsm uml damge agns ruscle damage
7 |RCL Survival Severe 2 weeks Contracture
8 |LCI Gangrene | Severe Indeterminate | Indetermunate
(amputation)
RCI Gangrene | Severe Indeterminate Indeterminate
(amputation)

2 |RCF } Gangrene | Moderate | & days Indeterminate

‘ (to amputation)
2 |RCI Gangrene | Moderate | 2 weeks Indetermunate

(amputation at
32 days)
4 lLct Gangrene \ Moderate | 5 days (to death) | Indetermunate
46 |Lpop | Sural 'Shght 6 days Recorery
46 [LSE | Gongrene |Sighe |22 days (o death) | ndetcrmnate
so | Aorta Gangrene ‘Modente 3 days Indeterminate
‘ (to amputation)
6 |RCI Survival l Moderate | z weeks Recovery
65 |LCt Survival ‘ Shght | 7 days | Recovery
»‘ (shght wasting)

68 |R brach |Survnal | Shght 2 weeks | Recorery
69 IR aull |Survwval |Severe | 3 months Contractuze

| | (to death)

5 T | ¢
70 \R aull JSunlval [Shght ] 1o dus | Recorery
73 |R adll lﬁzngrcne Severe | 3 days Indetermmnate

i (terminal) (to death)

|

7 [ RSF. ﬁ Survival E Shght |z wecks [ Recovery
st [Mora [ Gangrene |Moderate |2 mecks [ indetermunate
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examination pulsation was noted in the arterial trunk distal to the site of the
embolus. (In 7 of these the actual site of the embolus was subsequently verified
at autopsy. In the other 6 the site was cstablished with reasonable certainty by
the course of cvents after the acute ischaemic phase.) The time of diagnosis
and sites of embolism 1n these 13 incidents are shown n Table 24. Twelve of
the incidents (involving 15 Iimbs) were seen within 24 hours of onset and the
details of these have been condensed in Table 25. The following facts emerge:

t. Ten of the 12 occlusions (in Table 25) were in large arteries in or near the

torso (4 aortic, 4 common 1iliac, 2 axillary).

2. In 2 cases there was persistent pulsation for a very considerable distance
beyond the site of the embolus (Cases 14 and 13, both aortic, one
anatormically verified)

. The distal pulses initually palpable were of good volume only n 4 of 15
limbs; 1n all the others they were obviously weakened.

. In 7 limbs the dstal pulses initially palpable subsequently disapp ed—in
3 limbs within 24 hours, in 2 limbs within 48 hours and in 2 limbs
within ¢ days. In 6 hmbs the distal pulses persisted for periods from
7 days to 2 months.

. In most cases n which some distal pulses persisted there were others,
more distally, which were suppressed

6 In some cases with early disappearance of the post-embolic distal pulses

the himb survived, 1n some with more prolonged persistence of distal
pulses the mb became gangrenous.

w

»~

«

Persistence of dustal pulses 15 therefore not uncommon; it may be a pitfall
in Jocalisation and 1t 15 of no assistance n prognosis. (See also Chapter VIi—
* Diagnosis of the site of an embolus * and * Problems of clinical diagnosis ” )

Ischaemic muscle damage

Ischaemic muscle damage following Iimb embolism was described by
Chvostek (1892) and Langer (1895), both of whom reported typical cases and
recognised their similarity to the traumatic 1schaemic contracture first described
by v. Volkmann (1881). Many subsequent writers have described the deep
swelling and tenderness in muscles which sometime occur in the acute 1schaemic
phase, followed ina proportion of cases by fibrotic contracture (Doberauer(1907),
Brooks (1921), Leriche and Policard (1920b), Lohr (1927), Bernard (1930),
Jefferson (1934), Griffiths (1938) ). Nevertheless, in general accounts of fhe
clinical features of limb embolism the subject usually recewves less attention
than it merits.

During the Second World War, interest was aroused in the ger.leral syn-
drome caused by extensive ischaemic muscle damage in air-raid casualties whose
limbs had been subjected to prolonged pressure under fallen masonry. Many of
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was tested for myohaemoglobm, usually repeatedly In 5 cases all tests were
negative and these imcluded the most severe of all examples of ischaemic muscle
damage (Case No, 7, already described).  One case of simultaneous embolism of
both common iliac arteries (and probably also both femorals), with signs of severe
ischaermic muscle damage in both limbs, gave two positive urine tests for myo-
haemoglobin, both on the third day after onset, A third test, made on the 10th
day, was negative. 'This patient also had a shght nise of serum urea (70 mgm
per 1oo ml, on the 8th day after onset) Estimations of serum potassium level
were made on two of the patients (including Case No. 7) and both gave normal
results.
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embolism of the femoral artery and Bywaters and Stead (1945) reported bio-
chemical studies on a similar case following thrombosts of the femoral artery.
The two latter authors suggested that biochemical disturbance of this kind might
be responsible for death in some cases of embolism.,

Excluding * pseudo-embolism ’, there were 71 embolic incidents scen
within 14 days of onset. Among these there were 17 incidents with a record of
local signs of 1schacmic muscle damage. The signs ranged in severity from
shght local tenderness and induration of the muscles, raptdly subsiding, to
extreme general swelling and tension of the whole limb, followed by fibrotic
contracture. The details are condensed in Table 26. (Some of the limbs be-
came gangrenous. In such cases, ischacmic muscle damage was recorded as
present only when 1t occurred in the survaving part of the limb, proximal to the
demarcation line.)

Signs of 1schacmic muscle damage occurred mainly in occlustons of the
larger arteries (aorta+ 2, common ilac: 7, femoral: 3, axillary: 3, pophteal:
1, brachial: 1) In 8 limbs with sufficient survival time for assessment, recovery
of the muscles was recorded in 6 and fibrotic contracture resulted m 2. In
limbs which recovered, the acute muscle signs (tenderness, induration or swell-
ing) usually substded within two weeks

The most severe example of 1schaemic muscle damage in a surviving Iimb
occurred 1n a woman of 44 years with embolism of the common iliac artery, in
whom successful embolectomy was performed about 4 hours after onset Within
a few hours of operation, the whole limb was extremely tense, pnmful and
swollen and the final result was permanent paralysis and fibrosis of most of the
muscles below the knee. It seems possible that the restoration by embolectomy
of a free blood-flow into the damaged muscles may have been a factor in the
production of such severe fluid exudation mto them (Case No 7). Giffiths
(1938) described three cases of 1schaemic contracture following limb embolisr’n
and it 1s noteworthy that all three were treated by embolectomy. The writer's
matenal includes 75 examples of recovery from an embolic occlusion without
operative treatment and only in one of these did fibrotic contracture result.
(In addition to this clinical series, the examination of patients with mitral
stenosis disclosed 71 spontaneously recovered arterial occlustons without a single
example of contracture.) )

(In addition to the 69 patients with lmb embolism, Appendix II contains
records of a further 12 patients who had acute non-embolic arteral occlusions.
Three of these had local signs of ischaemic muscle damage (Cases Nos. 33, 35,

40) )

Biochemical tests
Biochemical tests were made only m 6 cases of limb embolism. Th'cse
cases all had signs of ischaemic muscle damage and 1n each of them the urine
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was tested for myohaemoglobimn, usually repeatedly In 5 cases all tests were
negative and these included the most severe of all examples of ischaemic muscle
damage (Case No, 7, already described). One case of simultaneous embolism of
both common iliac arteries (and probably also both femorals), with signs of severe
1schaemic muscle damage in both limbs, gave two positive urine tests for myo-
haemoglobin, both on the third day after onset, A third test, made on the 10th
day, was negative. This patient also had a shght rise of serum urea (70 mgm
per oo ml, on the 8th day after onset) Estimations of serum potassium level
were made on two of the patients (including Case No. 7) and both gave normal
results.
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embolism of the femoral artery and Bywaters and Stead (1945) reported bio-
chemical studies on a similar case following thrombosis of the femoral artery.
The two latter authors suggested that biochemical disturbance of this kind might
be responsible for death 1 some cases of embolism,

Excluding * pseudo-emboltsm *, there were 71 embolic incidents seen
within 14 days of onset. Among these there were 17 incidents with a record of
local signs of ischaermc muscle damage. The signs ranged in severity from
shght local tenderness and induration of the muscles, rapudly subsiding, to
extreme general swelling and tension of the whole Iimb, followed by fibrotic
contracture. The details are condensed in Table 26. (Some of the limbs be-
came gangrenous In such cases, ischaemic muscle damage was recorded as
present only when 1t occurred in the surviving part of the Iimb, proximal to the
demarcation line.)

Signs of 1schaemic muscle damage occurred mainly in occlusions of the
larger arteries (aorta 2, common 1hac. 7, femoral: 3, axillary. 3, popliteal:
1, brachial 1) In 8 limbs with sufficient survival time for assessment, recovery
of the muscles was recorded in 6 and fibrotic contracture resulted m 2. In
limbs which recovered, the acute muscle signs (tenderness, induration or swell-
ng) usually subsided within two weeks.

The most severe example of 1schaemic muscle damage in a suniving lm}b
occurred i a woman of 44 years with embolism of the common 1liac artery, in
whom successful embolectomy was performed about 4 hours after onset Within
a few hours of operation, the whole limb was extremely tense, painful and
swollen and the final result was permanent paralysis and fibrosis of most of the
muscles below the knee. It seems possible that the restoration by embolectomy
of a frec blood-flow into the damaged muscles may have been a factor in the
production of such severe fluid exudation nto them (Case No. 7). Griﬁi.ths
(1938) described three cases of ischaemic contracture following limb embohsr'n
and it is noteworthy that all three were treated by embolectomy. The writer's
material includes 75 examples of recovery from an embolic occlusion without
operative treatment and only in one of these did fibrotic contracture res.ult-
(In addition to this clinical sertes, the examination of patients with mitral
stenosis disclosed 71 spontaneously recovered arterial occlusions without a single
example of contracture )

(In addition to the 69 patients with limb embolism, Appendix II contains
records of a further 12 patients who had acute non-embolic arterial occlustons
Three of these had local signs of ischaemic muscle damage (Cases Nos. 33, 35,

40).}

Biochemical tests
Biochemical tests were made only in 6 cases of limb embolism. Thf:se
cases all had signs of 1schaerme muscle damage and in each of them the urine
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2, Thrombo-phlebitis with arteriospasm

During the course of this study, m addition to the chimeal serjes of embol-
isms, a considerable number of acute 1schaenmuc syndromes due to other causes
were seen.  Only one convincing case of thrombo-phichitic arteriospasm was
recognised (Case No. £7).  In ths case there was no heart disease and the acute
schactue syndrome was preceded by two separate mewdents of pulmonary em-
bolismy, which helped to establish the diagnons of deep vemn thrombosis, The
popliteal and hoth foot pulses, all of which had been recarded as present three
days previously, were suppressed for three days. The 1schagmc signs were midd
and even if the case had been wrongly diagnosed as embolism, operation »vould
not have been contemplated

In most of the cases of thrombo-phlebitic arteriospasm described 1 the
bterature, the wchaeame signs have alio been relatively mild (see references m
Chapter X— Introduction’y  Thus eondition 15 therefore not of great mmport-
ance as a source of duagnostic error. The rule alveady stressed—that embolism
should not be diagnosed an the absence of heart disease—wiil usually prevent the
erronesus dhagnosis of embelism.

3. ¢ Pseudo-embolism’

Many observers bave described cases of acute wschaemic syndrorae, coming
oa suddenly and presenting all the features of embolism, mcluding suppression
of pulses, yet subsiding completely i 2 short tine, with return of the absent
pulses (Audier (1937), Adas (1941), Learmonth (1948), Leriche (1947} ).
This ph has been d d, among others, by Humowior {1337),
Leniche (1g47), Pickering (1951} and Richards (1954) }t has usually been
attributed to arternal spasm of obscure causation, yet pseudo-embohem occurs
almost exclusively 1w patsents who have heart disese of the type lable to pro-
duce embolism,  Leniche, however, described wstances oceorning n thrombo-
angewns cbliterans and w * semle artertis 7.

A certain amount of canfusion attaches to the term * pseudo-embolism *.
Some writers have used 1t to describe any transient acute sschaemc syndrome
with rapid ond complete recovery, observed chncally wathout any anatomcal
examrnatson  Others have applied the term to cases m which apetative explora-
tion has faled to reveal an expected embolus.  Stretly speaking, the term shonld
be reserved for the condition in which *  all the features of embohsm except
the embolus ave present ' (Rachards (1954) ). In order to be sure that these
conditions are fulfilled, a full anatomical examination of the acterses concerned
is essential. Such an examumation 1s impossible i the conditions of an aperative
exploration, it can be made only subsequently at autopsy. It is not mere
pedantry 1o snsist on thes, for in the witer's matenal some examples of true
embolic veclusion were observed m which the sschaemic syndrome was of very
brief duratian (see belov) Pickering (1952} pointed out that some cases of
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VIiI
Diagnosis

DIFFERENTIAL DIAGNOSIS
ACLINICAL picture of acute ischacmic syndrome resembling limb embol-

1sm 15 produced by relatively few other causes. For purposes of clinical
diagnosis they may be reduced to three:

1. Local arterial thrombosis.

2. Acute arterial spasm—particularly that sometimes associated with thrombo-
phlebitis of the deep veins.

3. ' Pseudo-embolism *.

1. Local arterial thrombosis

Though occasionally caused by rare forms of artenitis (e.g. Case No. 18),
local arterial thrombosis is usually due to arteriosclerotic intimal disease. Itis
rarely possible to recognise a localised artenial lesion, confined to the site of the
occlusion, and 1n most cases the only relevant evidence is the presence of general
arternal disease. However, 1t 15 not possible to exclude embolism as a cause of
the ischaemic syndrome on the grounds either of the age of the patient or the
presence of general perspheral arteriosclerosis. Sixty-three embolic incidents
were recorded in patients over 6o years of age, the embolic character of the
occlustons being established in the majority by good anatomical evidence. Many
of these elderly cases had extensive peripheral arteriosclerosis and in some cases
¢his led to an erroncous conclusion that the arterial closure was not due to
embolism (c.g inCaseNo. 67). Inpractice, thedistinction can be made only by the
presence or absence of * emboligenic * heart disease, r.c. mitral stenosis, aurscular
fibrillation, bacterial endocarditis or myocardial infarction. Anyacute 1schaemic
syndrome occurring in the presence of heart disease of this group must be pre-
sumed to be embolic, for there 1s no way of proving that it 1s not, except per-
haps by arteriography, which can rarely be performed quickly enough. Treatment
should therefore be guided by the presumption that the occlusion is embolic.

Conversely, a diagnosis of embolism is rarely justified in the absence of
heart disease. Only one embolic occlusion out of the series of 118 occurred in
a patient whose heart was normal (Chapter 1V).
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2. Thrombo-phlebitis with arteriosp

During the course of this study, i addition to the clinical series of embol-
ists, a considerable number of acute ischaemic syndromes dae to other causes
were seen, Only one convineing case of thrombo-phlebitic arteriospasm was
secagnised (Case No. §3). In this case there was no heart disease and the acute
nschaemic syndrome was preceded by two separat d of pul y em-
bolism, which helped to establish the dignosis of deep vein thrombosis. The
poplitesl and both foot pulses, all of which had been recorded as present three
days previowsly, were suppressed for three days  The sschaemic signs were mild
and even if the case had been wrongly dtagnosed as embolism, aperation would
ot have been contemplated.

In most of the cases of thromba-phlebitic arteriospasm described 1 the
hterature, the ischaemic signs have also been relatively mid {see references m
Chapter X~ Tntroduction *).  This conditson 1s therefore not of great import-
ance as a source of diagnostic error  The rule already stressed—that embolism
should not be diagrosed i the absence of heart disease—swill uswally prevent the
erroneous diagnosss of embohism,

3+ “ Pseudo-embolism *

Many observers have described cases of acute ischaemic syndrome, coming
on suddenly and presenting all the features of embolism, including suppresston
of pulses, yet subsiding completely 1n a short tume, With return of the absent
pulses (Audter (1937), Atlas (1941, Learmonth (1948), Leriche (1943) ).
Thss phenomenon has been discussed, among others, by Hamovicr (1937),
Leriche (1947), Pickesing (1951) and Rachards (19¢4). J¢ has uswally been
attributed to arrerial spasm of obscure causation, yet pseudo-embolism occurs
almost exclusively in patients who have heart diease of the type hable to pro-
duce embolism. Leriche, however, described mstances oceurring in thrombo-
angeitis ghliterans and m * sentle arterstss °,

A certain amount of confusion attaches to the term * pseudo-embohsm '
Some writers have used 1t to descrihe any transient acute tschaemic syndrome

with rapid and complere recovery, observed chmestt- ~* t
eammation, Qthe? .
t1on has farled tc wy spraning, the term should
be reserved for wumuton 10 which © alf the features of embolism excepe
the embolus are present (Richards (1954) ) In ordes to be sure that thes
condmions are fulfilled, a full anatomical exammarisn ~€ 1
15 essential  Such ar ~ -

Q'<P‘0mnon, 1 ocar ~uwpsy, It 15 not mere

'[Ir:dantry to st € .yt 0 the wrniter’s material same examples of true

ewbolic occlusion were observed in which the ischaemic syndrome was of very

brief duration (see below) Pickening (151} pownted aut that some cases of
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TaBLE 27

12 examples of transient acute ischaemic syndrome

fe of Duration ? ?
Case St G'}"“ < o of Return | Designa- | Other
No e | wchaemic ppemc | of tion | embolic| ~ Remerks
SYMPIOmS | oy mptoms | pulses incident
7 |LCL  |Moderste | yhours | Yes |Migruumg| Yes | Further smiar
i 3 hours | embolus 1 incident t year
later 2 years
; |LCL Moderate | 2 days Yes  |Pscudo-E | Yes |later, all Tumb
3 days 2 cause pulses absent
7 lLca Maderate | 3 days Yes |Pseudo-E | Yes
4 days ? cause
12 R Brach |Mid 7 days No |TrueE. No | Confirmed by
' autopsy
15 | Aorta Moderate 4 days No* ?True E No No autopsy
16 | R Axll | Moderate | & dys Yes IPseudo-E | No | Controlled by
a1 days ? cause autopsy
21 |LC1 Mild some Yes Migrating [ Yes | Patient survives
hours | some days| embolus
o |L Anll | 2 days No |PseudoE | Yes | Autopsy
35 days syphilitic
arteritis
I
6o |L Axll. |Moderaste | 7 days Yes | ?TrueE | Yes |Noautopsy
11 days
65 |RCI Severe 1o min Yes |Mgraung| Yes | Panentsurwves
8 hours | embolus
75 |R Brach |Moderate | 2 days Yes | TrueE Yes | Confirmed by
3 days autopsy
77 |R Brach |Moderate | jhour | Yes |Mgrang| Yes | Patientsurvves
L B hour | embolus

* Sull absent 18 months later,

transtent acute 1schaemic syndrome may be explained by embolic migration; he
Jescribed an instance of embolism of the femoral artery with very transient
1schaemic symptoms, which were later explained at autopsy by the discovery that
the embolus had moved nto the deep femoral.
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fn the present study there were 12 examples of transient acate jschaemic
syndrome in 1a patients, ali with heart discase  Seven of these patients also had
other incidents of proved or probable himb embohsm. The chrical detatls have

been condensed n Table 27.
These 12 transtent acute hchaermc syndromes can be classfied a5 fol-

lows:

¢ Pseudo-embolism *, controlled by autopsy 7 incidents
* Pseudo-embolism * not anatormeally controlled 1 jneidents
Magrating embolus. 4 incidents
True embolic occlusion, confiemed by autopsy: 2 madents

Probable embobic occlusion, not so confirmed, 1 ncidents

The first fact w0 be emphasised, therefore, s that certain cases of proved
embolic ceclusion produre extremely transient schaemie symptoms, with carly
return of the suppressed pulses  In one example, an embolism of the brachial
artery produced sschaemic symptoms fusting only 2 days and the radial pulse
returned i 3 days (Case No 75) At least one case of pseudo-embohism caused
sschieric symptows and suppression of pulses for considerably Jonger than this
{Case No 15) Clasficanon of 2 case of tranment sschaenuc syndrome as
pseuda-embokism must therefore be only presumptne untdd w bas been praved
by a full examnanon of the artenes that there 1s no occluding embolus.

Secondly, as Pickening {1251} has pomnted out, sugrating embolys <an pro-
duce a transient sschaemie syndrome chimcally resembling pseuds-embohsm,
though n most cases 3t 15 of briefer duration  There were 3 (possibly 4)
examples of thss i the serces  In all <ases the embolus seems to have ladged
temporanily at the aortic bifircation, with ischaemic symptosns in both lower
Iimbs  The sympl m one hmb subsided yapidly when the embolas moved
o the common e artery of the other.  These cases do not usually pose any
very diffienlt dingnostie problem unfess the migration s mio 3 ¢ sifent * trunk
suck as the mnternal thac or deep femoral (a5 n Pickering’s case), where the
embolus will teave no effects to indicate s presence

Thirdly, there remam some cases, properly termed © pseudo-embolism *,
showing * all the Features of embolism except the embolus ' The best example
was i a woman of §8 years who hod 2 myocardial farction Nine days fater
she had an acute ischaemuc syndrome i the tight upper hink At examination,
3 hours after amset, the wchaemuc signs were of moderate severity and the
brachisl and radwl pulses were absent, a diagnoss of astllary embolism was
therefore made.  The ischaemic signs rapidly subsided and had dusappeared §
days Jater but the brachial and radwal pulses did not rerurs for 11 days. Fne
months later the patient died of a new myocardial mfarction and ax sutopsy a
very garefisl examimation was made of the wmnominare, night subelavien, right
antlary and night brachsal arteries and alf their branches, No old thrombus was
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found and there was no macroscapically visible disease of the arterial wall, Old
mural thrombus was found 1n the left ventricle (Case No. 16). This case fully
satisfies the requirements for the definition of pseudo-embolism; moreover, the
patient also had emboligenic heart disease  The acute ischaemic syndrome was
presumably caused by spasm of the arterial trunk, though no local mural lesion
was found which might have caused 1t.  Any such lesion mght, of course, have
healed in the interval of 5 months which elapsed before autopsy.

In another example of pseudo-embolism (Case No. 59) there were mural
lestons, for there was a syphilitic arteritis of the affected artery, By a coinct-
dence, this patient also had rheumatic heart disease. In Case No 7 there was
embolism of the right common 1liac, with transient 1schacmic signs 1n the left
lower limb also, probably due to migration of an embolus from aorta to right
common thac, Subsequently this patient had two scparate transient 1schaemic
cpusodes affecting the left common iliac artery, In both the hmb pulses were
temporarily suppressed but returned 1n 3 to 4 days. There was another attack
of 1schaemic symptoms a year later but this was not observed. When the
patient was cxamined after a further year the pulses were absent and they never
again returned (this patient was still surviving at the time of this report).

Case No. 77 was of exceptional interest, for the acute 1schaemte signs 1n an
upper limb, which appeared simultaneously with a cercbral embolism, suddenly
resolved w hile the brachial artery was being palpated. The radual pulse reappeared
immediately and there was a reactive hyperaemic flush 1n the hand, It seems
improbable that arterial spasm due to a mural lesion could resolve so suddenly
and the most acceptable explanation of this obsersation 1s embolic migration,
perhaps assisted by palpation of the artersal trunk.

Of the 4 madents classified as pseudo-embolism, 2 affected the common
thiac artery and 2 the axillary  Many of the examples reported 1n the Iiterature
have also affected the larger arteries.

Pseudo-embolism s further discussed in Chapter X and we are here con-
cerned only with the diagnostic problem  The main risk would seem to be that
of regardlng an embolic occlusion of the aortic bifurcation as a possible pseudo-
embolism and so delaying operative exploration.  This risk 1s a real one, for n
some cases of aortic embolism the 1schaemuc signs are not very severe m the
early stages but deterioration occurs and gangrene ensues (Chapter VIil—* Prog-

nosis’).  Pseudo-embolism 15 rare in comparison with true embolic occlusion
and an acute 1schaemic syndrome in a patient with heart disease should therefore
be regarded as embolic. This athitude may occastonally lead to an unnecessary
operative exploration but this risk 15 less serious than that of temporising in a
case of aortic embolism,

In ischaemic syndromes affecting the brachial or the popliteal artery the d
tinction is not important, for operation should not usually be contemplated. In
occlusions of the awillary, common 6ilslac or common femoral arteries, the
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Taste 28

15 exrors of localisation of u2e of on embolus

Classificanion
Duratson of error
Case | Actual of 1o e Cause of error and comment
o 8| ymptoms | PHEP | Siting | Graviey
estar | of error
6 | Aorta s3hous [R.&L Dostal | Majar | Perustence of femoral pulses
femorsk
y {RCI  {1dbours {Aoma Prox | Minor | Magration
8 JR.&L shours | Aorta Prox | Mmor 3 Mgration Not dutinguish-
c1 ible
14 lAorta | hous |ROCF & i Oistal | Magor | Permstence of both femaral
L ! and one paphiteal pulse
12 |Aoa  |jehours [LC1 & |Duwtsl |Maor |Persitence of R E. and R P
RE ulses
| o
v {LSF fwecks |LCF | Prox | Mumor | Probability. Not distinguush-
) able
45 1UP*  |slhous |LCF | Prov. |Mmor |Pop pube suppressed Not
(upper) { { distingusshable
4 |LSE | gdys [LCF  [Prov | Mimor | Probabuhty Not disiogush.
} able
47 {Aorta johours {RCT & Dot | Magor | Pernstence of L femoral pulse
LCF
R Qhosrs |LF Prov | Mimor | Pop pulse suppressed Not
(sppes) distingushable
o (Ao |afbouss [RCI | Deul |Mapr | O embol LC1  Miumal
} sschagmc wgns on L sde
6 {RCI L > RO {Dunl Mapor | Persstence of R femoral pulee
6 gL Cf [t jLer  [Duw Ehh}or Persistence of L femorat pulse
38 JLP | adms (L€ |Prex | Muor | Suppression of prosml pulees
i i | } *sresral sposm
3
7% |RSF shours |RCF irmx E«\hrrm Probsbility  Nat distingusshe

| able

* Abio ad parsial eeclasion of L C1
t Error made by snather absener  Repeated with L C 1 by wrter
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decision whether to operate should be governed by the intensity of the ischaemic
signs (Chapters VIII and XII).

Diagnosis of the site of an embolus

In a total of 74 embolic occlusions, all diagnosed not more than 3 weeks
after onset, errors of localisation of the site of the embolus were made on 15
occasions.  Details of the individual errors are condensed in Table 28

These errors of localisation can be classified in two different ways:

1. With respect to localisatron
(a) ‘ Distal error "—the embolus being thought to e more distally
than 1t actually does.
(b) * Proximal error *—the embolus being thought to lie more proxi-
mally than 1t actually does
2 Wath respect to clincal importance
(a)  Major error '—having an effect of some importance on chmical
assessment and management
(b) * Minor error '—having no importance for clinical assessment or
management

Reference to Table 28 will show that there were 8 proximal errors and 7
distal errors. However, 7 of the 8 proximal errors were of minor type One
of them was probably explained by embolic migration (Case No 7) and 6 were
occasioned by ‘ working to rule’ and assuming that the embolus lay at the
nearest main bifurcation above the suppressed pulses, for example at the com-
mon femoral bifurcation when i fact 1t lay in the superficial femoral, An error
of this type 15 hardly to be avoided except by artertography and 1t is of no great

e m clinical . The only proximal error which could be
called a major error was that in Case No 78, This was an embolism of the
popliteal bifurcation, complicated by arterial spasm which caused suppression of
the pophteal and femoral pulses and so led to an erroneous dugnosis of 1liac
embolism  In the writer’s experience this phenomenon 1s rare (Chapter X).

In contrast to the proximal errors, every one of the distal errors was 2
major error. The distal errors comprised g cases of aortic embolism and 2 of
common iliac embohism, all wrongly diagnosed as more distally placed occlu-
sions, Six of these 7 errors were due to persistence of one or more distal
pulses (this has already been discussed 1n Chapter VI). The remaining distal error
was the most serious diagnostic error of the whole study. Case No. o had
embolism of the lefc common iltac artery and made an excellent recovery. Six-
teen months later she had embolism of the aortic bifurcation. This produ.ced
very grave ischaemic signs in the right llmb,.but those 1n the previously embolised
left imb were quite trivial.  Because of this, and because of the known absenc;
of pulses 1n the left imb since the earlier occlusion, 1t was wrongly conclude
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that the new embolism was 1 the right common iliac. (This case 1s further
discussed in Chapter X—Section (d).)
Problems of clinical diagnosis

The most difficult diagnostic problem 15 the recogmtion of aortic or com-
mon 1liac embolism and, n particular, the distinction between aortic embolism
and simul separate embolism of the two lower limbs. The chief source
of difficulty 15 persistence of distal pulses, which 1s not uncommon. Three
guiding principles must be emphasised:

1 Embolism of the aorta 1s somewhat more common than simultaneous em-
bolism of the two lower limbs (in this series, 17 mstances of the former
to 8 or g of the latter. In a doubtful case, therefore, probability will
favour a diagnosis of aortic embolism

2 In deciding the site of an embolus, a weakened pulse has the same sygnifi-
cance as an absent pulse  This principle 15 the most important guide in
diagnosis  Its application will prove misleading only in the event of
proximal spasm of the arterial trunk and in the wniter's expenence this
15 a rare phenomenon (Chapter X)

3. Inaortic embolism the prognosis 1s so bad and the indication for operation so
urgent that 1t 1s better to risk an unnecessary operation than to meur delay.

¢ Relapsing ischaemic syndrome’

Several patients were seen who presented with a typical acute 1schaemic
syndrome, having all the appearance of a very recent embolic occlusion. How-
ever, when the artery was examined shortly afterwards, either at operation or
at autopsy, an occlusion was found which from the appearance of the thrombus
and 1ts state of adhesion appeared to have been present far longer than the dura-
tion of the 1schaemic symptors (Cases Nos g, 23, 30, 46)

Case No. 30 was a woman of 73 years, admitted to hospital for congestive
heart falure She had auncular fibnllation, which was known to have been
present for at least three months, but 1o record of the hmb pulses was made at
the ime of admission  Five weeks after admission her general condition sud-
denly became very poor and she developed severe acute ischaerme signs in both
Tower limbs. Al the lower limb pulses were found to be absent and a diagnosis
of recent embolism of the aortic bifurcation was made, Gangrene ensued in
both legs and the patient died 4 days after onset of the 1schaemic symptoms. At
autopsy, a firm * Y * thrombus of relatively old appearance, probably an embolus,
was found at the aortic bifurcation, with more recent soft thrombus filing the
arterial trunks of both limbs as far as the popliteals. The embolus was sur-
mounted by a firm * pillar thrombus * with a rounded, unattached upper end;

this had a series of transverse striations which suggested that 1t had been formed
by a process of gradual accretion from below (see Figs. 10 and 30, also account
of prowumal consecutive thrombosis in Chapter V)
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If this interpretation is correct, the embolus must have been present at the
aortic bifurcation for at least several weeks and there was therefore an adequate
collateral circulation for this period. A fulure of the collateral circulation,
probably precipitated by cardiac deterioration and consequent fall of blood-
pressure, had caused the acute 1schaemic syndrome which culminated in massive
gangrene of the legs.

The other three cases of this group were in most respects similar to Case
30. There were records of three further similar cases, all due to old-standing
arterial occlusions of non-embolic type (Cases Nos. 35, 43, 71).

Some cases of embolism were observed during the initial acute ischaemic
phase and the period of s recovery. Subsequently the gencral condi-
tion of these patients deteriorated and the collateral circulation then failed,
gangrene of * terminal * type resulting. Case No. g had embolism of the right
common femoral artery, due to bacterial endocarditis. ~Collateral circulation
was good and the limb survived well for 7 days, but the general circulation then
deteriorated and the foot became gangrenous shortly before death. Case No. 52
was an even more striking example. A woman of 28 years, suffering from sub-
acute bacterial endocarditis, had embolisms of the right common femoral and
left external 1hiac arteries, with unassisted recovery in both limbs, Six months
later she had an embolism of the aortic bifurcation, which produced severe acute
1schaemic symptoms, but these also subsided and she was even able to walk a
little for two weeks. After this the advancing heart disease caused general
deterioration and fall of blood-pressure, whereupon the ischaemic signs reap-
peared and bilateral gangrene casued. A number of other similac cases were
observed, and most of them have been classified as examples of * termmnal gan-
grene’ (defined in Chapter VIII).

The term ‘ relapsing ischaemic syndrome’ (or ‘ delayed ischaemic syn-
drome ’) has been applied to cases of this type  Their chief climical importance
lies 1n the fact that if their earlier history is not known 1t is easy to mistake them
for recent embolic occlusions and even to subject them to futile operations, as
was done in one of the writer’s cases (Case No. 23). The poor general condition
which is responsible for precipitating the relapse of schaemia may be mismter-
preted as a condition of * shock * resulting from an embolism. Operation on
such a case will merely hasten the inevitable end

Diagnostic errors of this kind may sometimes be avoided by recognising
that spontaneous recovery from embolism s not uncommon, and by regularly
examining the limb pulses and recording any deficiencies all patients with
heart discase as soon as they come under observation. Any subsequent re]apsln‘g
ischaemic syndrome is then less hkely to be musinterpreted. If the patient is
seen for the first time on the occasion of the relapsing ischaemic syndrome, the
error can hardly be avoided.




VIII

Outcome and Prognosis

Introduction

Peripheral embolism occurs almost exclusively in persons suffering from
serious heart disease. The overall mortality of these patients 1s therefore greater
than could be accounted for by the effects of limb embolism alone. Many
patients who have survived embolism 1n a limb fall victim soon afterwards to a
further embolism, peripheral, cerebral or visceral, others suffer a deterioration
of the heart disease. The patient may die of some new disaster before 1t 1s pos-
sible to assess the fate of the embolised imb 1t was pointed out in Chapter VIi
that a deterioration of general condition may result mn falure of a previously
adequate collateral circulation and so precipitate gangrene 1n a limb which had
previously made a good local recovery

In assessing the outcome of the cases of this study, we have been concerned

prmcipally with the local result i the himb, and as far as possible this has been
classified independently of the general result, The followimg categories have
been distinguished

Completely asymptomatic embolism  (* silent embolism *, * embolie
occulte 7y

Full recovery of the imb, without ischaemic after-effects (‘ anischaemic
embolism *, ¢ embolie manquée *)

Recovery of the limb without necrosis but with persisting ischaemic after-
effects, such as intermuttent claudication or fibrotic contracture.

Minimal necrosis, dermal only, which heals, or appears capable of healing,
without surgical intervention

~

w

IS

5 ‘ Pnimary gangrene '—necrosts of the whole thickness of at least one
digit, occurring directly as a result of 1nadequacy of the local circulation
of the Limb, n a patient whose general condition 15 reasonably good.

6

- Terminal gangrene '—necrosis of a digit or more, occurring only when
the patient has become monbund from other causes, i a imb which
has shown adequate collateral circulation for at least 7 days.

7 * Indeterminate —the result mn a patient who has died too soon after the

onset of the 1schaermc symptoms for the fate of the limb to be assessed.
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Category (1) (* Silent embolism ") 15 a group of limited application.  There
may be a small number among hosprtal patients, discovered by routine examina-
tion of the limb pulses and occasionally confirmed later by autopsy (e g. Cases
Nos. 42, 72, 75). Their number will depend upon the regularity with which
routine examination of the limb pulses 1s made.  As was shown n Chapter III,
examunation of patients with heart disease will reveal a number of arterial occlu-
sions which appear to have caused no symy In general, h ., cases of
* silent embolism ” do not come under observation,

Full exanunation of the hmb arteries at autopsy will reveal some previously
unsuspected old embolic occlusions which can be classified as examples of
natural recovery, but it will not usually be known whether they caused any
symptoms (¢ g. Cases Nos. 31, 46, 69} Autopsy may also reveal some very
recent embolic occlusions, possibly occurring shortly before death, which must
be classified as ‘ indeterminate ’ (e g Cases Nos, 27, 64, 66).

Distinction between Category (2) (*full recovery ’) and Category (3)
(‘ recovery with persisting ischaemic after-effects °) 15 not always possible, for
the patient has to be ambulant and under observation for at jeast some months
before a final assessment can be made

Classification of the cases of this study has therefore been simphfied into
four main groups:

I Survival of the Imb—comprising Categories (1), (2), (3) and (3) together.
(Cases of aortic embolism have been included in this group only when
both lower limbs have survived.)

1. Primary gangrene—Category (5)
HL. Terminal gangrene—Category (6)
1V. Indeterminate—Category (7)

¢ Limb survival rate’

Two categories have been distingwished for mbs which become gangren-
ous, expressing the difference between gangrene truly attributable to a deficiency
of local circulation (* primary gangrene ') and that precipitated only by deteriora-
tion of the general circulation (* terminal gangrene’) In some cases (!mre 1
room for difference of opinion 1 making this distinction. For comparison of
the outcome n different groups of embolic mcidents, rehance has thel:efore
been placed mainly upon the * limb survival rate ’, defined as the proportion of
incidents in which the limb survives, expressed as a percentage of all incidents
in the group. This figure is not mfluenced by subjective judgements as to the
type of gangrene.

Comparison of results in different series
The above simplified scheme of four types of outcome and the limb sur-
vival rate can usually be applied to the results reported by other authors, and
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with due regard to anatomical classification comparison of the outcome in dif-
ferent series can then be made.

Since the meidence of gangrene 1s mamly in embolism of the aortic bifurca-
tion, 1liac arteries and femoral arteries (see later in this chapter), it is of some

TasLe 29
Local result 1n 116 incidents of fimb embolism

Number | Number | Number | Lumb
Sute of Number | " | vt | owath | Number) g
embolism of | urval | prmary | termnat | 10deter | T
‘““d‘""‘ofl.mb* gangrene | gangrene| MU | op

Upper limb [ J I |
Avllary 8 t 6 | ot | ~ ( — | 750
Brachial 14 | 12 ( — ‘ — ] 2 857
All upper limbs | 22 s 18 ‘ N ! 1| as
Tower limb | [ [ “

Aorta 17 4 ‘\ 8 f 3 2 235

C e 13 1 } 1o ( 1 1 478

Ext e 2 2 -0 - — -

C femoral Y| 16 ] \

S femoral & 9 “ 3 2 - 77

D femoral 3

S femoral 5 4 — ' — 3o o

Pophieal I u J it | — — | sss

P bl ' Cl - — _ _
All lower humbs | 94 ] P 7 1 638
Al sites 116 78 16 7 5 6712
“ Serious lower | 66 30 21 6 3 510
Limb embohism"
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interest to consider these as a separate group under the heading * serfous lower
limb embolism . This has been done in some of the tables

Outcome in embolic incidents of this study

There were 122 acute ischaemic incidents in the series, but 4 of them have
been classified as pseudo-embolism and have therefore been excluded in the con-
sideration of outcome. Two incidents of embolism of the deep femoral in
patients who also had separate occlusion of the superfictal femoral of the same
limb have not been considered separately; the double occlusion has been grouped
with the common femoral occlusions. The total number of embolic incidents
analysed for outcome 1s therefore 116 and the results are shown in Table 29.

The most striking fact which emerges from Table 29 15 that the limb sur-
vival rate varies inversely with the size of the occluded artery:

Site of embolism Limb survival rate
Upper limbs—Axllary: 75%
Brachial 869,
Lower limbs—Aortic 23%
Commen 1liac 489%,
Common femoral 74%
Pophiteal. 3%

This principle 15 evident both in upper and lower limbs, though the number
of upper limb embolisms 1s relatively small.

One other fact can be stressed: the very high limb survival rates in brachial
and popliteal embolism. Not a single example of gangrene occurred 1 14
incidents of brachial embolism (the imb survival rate 1n the group 1s not 100%,
because there were two indeterminate cases). There were three instances of
gangrene 1n popliteal embolism, but 1n one of these there was also partial occlu-
sion of the mouth of the common 1hac m the same limb (by another embolus
occluding the common iliac of the opposite side—Case No. 45) The other
two examples both occurred in moribund patients, and although the period of
observation did not allow of their formal classification as such, both were prob-
ably cases of termmal gangrene (Cases Nos 48, 74). It may be concluded that
in brachial or popliteal embolism, unless the patient be mortbund, the risk of
gangrene 1s neglgible.

Bilateral embolism—symmetry of local result
Table 30 shows symmetry of result in 24 cases of bilateral lower ]ir?b
embolism. These comprised aortic embolism, embolism of both iltac arterlhes
and embolism of both femoral arterres (indeterminate cases excluded). In the
-6
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majority of patients, the fate of the two limbs was similar. In the total of 24
cases there were only § in which there was survial of one limb and gangrene of

TABLE 30
Symasetty of result wn biloteeal lover ltmb embolesm
(Indeterminate cases excluded)

Symmetrical result 1 Asymmetrical result
Sttes of Number |———— }
embolism of cases | Bilateral | Bulateral | Survival one side
survnal | | necrosis | Necrosis one side
! '
Aorta g \‘ 4 i i 3t
:
Bilateral | } ,
C s [ | !
i |
Le e ) I _
R Ext thac | ! |
i
. !
Bilateral L, ,
C femoral I | !
. |
L C femoral | ' !
R S femorl [ — 1 -
R D femoral i i i |
| i ]
Bilateral ! - . I .
S, fcmora]} . , |
\ ]
! I
All cases )‘ | e To 5

*1n 4 of these, gangrene was somewhat unequat 1 extent in the two limbs
+1n one case, one limb had a prior common thac occlusion, this was the limb which
survved

the other. One case of aortic embolism had had occlusion of the left common
ihac 16 months earher, this hmb survived while the other became gangrenous
(Case No. 50, see discussion m Chapter X, Section (d) )  There was one other
example of aortic occluston m a patient who had had a prior occluston 1 one
Itmb (R. common femoral, Case No 31) Though gangrene developed on both
sides, 1t was much less extensive on the side with the prior occluston.  There
were 13 cases of zortic embolism without prior occlusion, and only 2 of these
had gangrene of one Itmb with survival of the other

Comparison with other authors’ series

Analysis and companison of the figures gnen by various authors on the out-
come and results of treatment in embolism of the limbs are nat abways casy
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Differences in the character of the material and the basis of assessment may make
1t misleading to combine the findings of a number of different observers into a

single large series

Many of the best known collected series contain a large pro-

portion of cases treated by embolectomy and may therefore be unrepresentatie
of embolism 1n general.  For example, the much-quoted series published by
Danzis (1933) conststed of 129 cases of limb embolism collected from the
literature 1n the U.S A., Canada, Australia, Scandinavja, Germany and other

European countries.
not operated on

TABLE 31
Assessment of outcome 1n peripheral arterial embolism

joo ncidents, untreated or consenvatively treated
After Harmovict (1950)

It included 119 cases of embolectomy and only 1o cases
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| Marked | Fmbolism | Chromc | Undeter-
Site of | 1schaerma | followed | post- haer mined Slent | Lot
embolism | and early by embolic | TM™MC | degree of | embolism
! f embolism | %
death angrene | 1schaemia recovery
gangrene | ]

Aorta 3 ‘ 1 J 7 — 2 — 8
L

1hac 3 15 \ 7 5 3 — 43
External

thac ' 7 ' f — — 10
Femoral o 3t ix 1y 20 2 108
Popliteal 2 3 16 17 4 I3 47
P bl — ' — 4 — 4 9
A ubnal — — : 4 — 4 9
Axillary + ' ' 6 ' — 1
Brachial 4 1 " 7 H el 28
Radual — —_ — + - - 4
Ulnar — ' — ' - 2 4
All sites 39 L 55 76 EH , 7 300
% 1300 270 83 283 107 ‘ 57 1000

o
Ao 4 - 1




The most complete classification of outcome in a large serfes was made by
Hamovict (1g9¢0), who analysed the results of 330 embolic incidents occurring
in 228 patients during the years 1928 to 1947. 143 cases were taken from the
records of the Mount Sinai Hospital, New York, and 85 from the private practice
of Dr Irving Gulbert in the same city. Haimovici analysed these cases according

OUTCOME AND PROGNOSIS

to outcome and he distinguished 6 different types of result:

1
2.
3
4.
3.
6

The senes studied by Haimowicr sncluded 2 total of 300 incidents con-
servatively treated or untreated and 29 pcidents treated by embolectomy. Table
31, reproduced from his paper, shows his classification of the results in the 300

¢ Embolism with marked ischemia and early death.’

“ Embolism follow ed by gangrene.”
¢ Chronic post-embolic 1schemia.”
¢ Anischemic embolism.”

‘ Embolism with undetermined degree of recovery
* Silent embolism.’

cases treated without operation.

TABLE 32

Limb survival rates 1n peripheral embolism

Compariion of results in present study and in study of Humovici (1950)
* Serious lower Jimb embolism *

| Gangrene Limb
Maerat | Stesof | qouyg | Surnal rmary orf Indeter- 4,y
embolism OHmBS | teenminaly | TR ey
Aortic 28 9 " 8 321
Hamovics
(1959)
e 1} 17 327 4 32
Cases
treated S
without | Femoral 1 108 ) 6o 3t 7 5S¢
operation
All sites i 18y ] 86 74 19 455
Aortic 17 4 1 2 23
stady |
Miae 5 13 " ' -
Al [ e
Cases l
i Femoral 24 18 6 — I50
|
| Al nites 66 35 2t 3 530
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For comparison with the writer’s serics, Humovici's category (1) probably
corresponds to Group IV (* Indeterminate ') and his category (2) to Group Il
(‘ Primary gangrene”’) and Group I (* Termmal gangrene’) taken together,
Haimovier's category (5) scems to consist of surviving limbs, classified as having
* undetermined degree of recovery * because of lack of follow-up information on
late 1schaemic symptoms. Haimovici's categories (3), (4), (5)and (6) may there-
fore be combined to correspond with Group I (* Survival of the limb *).

Table 32 shows a comparison of outcome in Haimovici's series and the
wrter’s, based on these assumptions. The comparison has been restricted to
¢ serious lower imb embolism *. The limb survival rates for this group in the
two series are substantially the same (Haimovict's series 4559, this seres
53:0%) In both series, even 1n embolism of the larger arteries, there 15 a con-
siderable proportion in which the limb survives without gangrene

So far the results in treated and untreated incidents have been considered
together. In the next section the influence of treatment on outcome will be
examined,

THE INFLUENCE OF TREATMENT ON LOCAL RESULT

1. CONSERVATIVE TREATMENT
109 embolic incidents had no arterial operation  In 41 of these there was
some form of medical treatment directed to the relief of ischaemia or the pre-
vention of consecutive thrombosis, while in 68 there was either no treatment
whatever or only palliative treatment, ¢ g drugs for the relief of pan. The
forms of treatment used were

ANTICOAGULANT DRUGS (30 incidents)
Heparin alone (by intravenous mjection): 2t cidents
Heparin plus oral anticoagulants: 7 incidents
Oral anticoagulants alone 2 incidents
VASODILATOR DRUGS (30+ incidents)

Papaverine HCI (by intravenous mnjection) 16 incidents

Benzyl-imidazoline HCI (“ Priscol *) orally: 7 incidents
Pancreatic extract (* Padutin ’) intramuscularly- 7 incidents
Alcohol (as !:randy) A few incidents
Nicotinic acid orally.
PROCAINE INFILTRATION OF LUMBAR GANGLIA 5 incidents
CINTRAL VASODILATOR METHODS (warming torso) 4 incidents

Comparison of treated and untreated embolism
Table 33 shows a comparison of the local results in untreated and treated
The Iimb survival rate 1n untreated incidents was 74%;

embolic occlusions.
For * serious lower imb

that in treated incidents was 56% (S.E.x 2=18-8).
80



TaBLE 33
Local result related to treatment

105 embobic incidents without artenial operation

Medscal treatment for
1schaenma

No treatment oF only
palhative treatment

o

Qutcome Qutcome

Site of
P
embolism Total Lelme - 2
rEIEE 2g| &
number TEIEE R
£ 5alE = gl E
ERAKE) 55| %
SR = B S
£
SN
Upper limb
Asaltary ¢
Brachual ;
Lower limb
Aortta 9

Common 1liac
External iliac

Common
femoral

$ femoral
+

D femoral

s femoral

Pophteal

P ubnal

All sites

Limb survval rate
e

+ Sertous lower
limb embolism ’

Lumb survival rote
o ad a drvs)

. erved 7 days).
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embolism * the respective himb survival rates were 579 and 469, (S.E.x?
=260). It must be recognised that treated cases will tend to include a higher
proportion of the graver ischaemic syndromes than untreated cases. This is so
n the wniter’s material, for the treated group has a higher proportion of aortic
and 1liac occlusions (419,) than the untreated group (319%). In ¢ serious lower
limb embolisms * the respective proportions of aortic and iliac occlusions were
71% and 57%,. This probably accounts for the rather more unfavourable out-

TABLE 34
Embolic occlusions, all medically treated for 1schaemia

Local result related to ime of diagnosis

1 ’ Dngnosed ithin Duagnosed more than
10 hours of onset 10 hours after onset
Site of Total -
embolism treated | Number of Survival Number of I Sunwal
I | occlusions | oflmb | occlusions | of hmb
Upper fimb “ | [
1
|
Aullry 3 v . 2 ‘ !
Brachial [ 5 ¢ : . —_ —
| | |
Lower imb ‘ \ ! f |
! !
Aorta 8 [ 3 J 1 J 5 '
Commonilac | 5 | 5 3 . '
|
C femoral I
2
S feml + ¢ : : +
D femoral
$ femoral . — — ' '
Popliteal 9 3 ’ 1 6 5
All sites 41 19 | 12 22 ‘ i
Limb survival
rate $6%, 63% 5%
« Sertous lower
limb embolism * 24 10 6 4 s
Limb survisal
rate 41% 60% 36%
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come in the treated cases, though the differences are not statsstically significant.
At all events, the figures certainly give no evidence of the efficacy of the methods
of treatment used.

It is stressed by many authors that treatment of an embolic occlusion is of
little avail if it is not begun soon after onset, and in assessing the value of treat-
ment regard must be had to this factor. Table 34 includes treated cases only
and compares the results 1 occlusions diagnosed within 10 hours of onset and
those diagnosed after 1o hours,  Thus table does show a hugher limb survival rate in
the occlusions diagnosed early, most pronounced in the group * serious lower
limb embolism >, However, the survival rate, even in the early diagnosed inci-
dents of the latter group (60%,) is not significantly higher than the corresponding
rate 1n untreated incidents (57%,) (5.E.x 2=126-1).

In the writer's material, therefore, no significant difference in limb survival
rate can be shawn between treated and untreated embohic occlusions.

2 OPERATIVE TREATMENT

Srx embolic occlusions (in § patients) were treated by embolectomy.
Arteriectomy was performed once.  Only one of the 6 embolectomies can be
called truly successful 1n the sense of restoring the lumen of the artery, and this
operatian was probably unnecessary, for the embolus was at the brachial bifurca-
tion (Case No 66). In two other operations the imbs survived but the pulses
were not permanently restored, and these operations therefore probably made
no contribution to recovery Indeed, 1n one of them the temporary restoration
of a free circulation i the mawn arteral trunk may have been partly responsible
for the very severe muscle oedema, which resulted 1n fibrotic contracture (Case
No. 7, already mentioned 1n Chapter VI and further discussed in Chapter Xii).

Since the semes of surgically treated cases 1s too small to provide any useful
evidence of the value of embolectomy, the results of larger series published by
ather authors must be examined  Table 35 shows the results given by 8 different
authors during the period 1928 to 1954 In these eight series, amounting inall toa
total of several hundred embolectomies,* there is only one series in which a limb
survival rate of more than 0%, 1s clamed for lower limb embohsm. Warren,
Linton and Scannell (1954) reported a series, collected from the records of the
Massachusetts General Hospital dunng the period 1937-53, show ing 49 surviv-
g limbs out of 61 operations for embolism of the aorta, iliac and femoral
arteries, This gives a hmb survival rate of 809, but the figure 15 not directly
comparable with those given m this study, for these authors excluded indeter~
minate (* non-analyzable ') cases from the total on which the limb survival rate
was esimated  Twenty-two cases were excluded from a total of 140 cases of

* The actual total of embolectomies recorded in these 8 Papers 19 1,537, but most of the series
are coflections from ynany different sources and some of the cases probably sppeared i more than
one series
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aortic, ilac and femoral embolism. The number of surgically treated cases ex-
cluded as * non-analyzable * 1s not stated, but if we assume that the overall
proportion of ‘ non-analyzable * cases applies to this group then the total for the
group must be ncreased from 61 to 72, and on this basis the limb survival rate
becomes 689, Even so, this is the most successful of the surgical series quoted,
the next best being that of Key (1936) with a limb survival rate of 50, forall
lower limb embolisms  The Iimb survival rate for untreated aortic, iliac and
femoral embolism in the writer’s series is 579, and that for all untreated lower
Iimb embolisms 70%,.

TaBLL 35
Results of embolectomy according to erght published scrics
(Modified from Warren and Linton (1948)%)

f
. Total l * Lower
Authors Totl |4 g palyzable * L""Z’, lower Jimbs
cases save Junbs ‘ saved '
Petitpierre (1918) 129 i 126 4449 ‘ 105 23 8%
Danzis (1933} 19 ! 103 475% — 2889,
Pearse (1933) 282 ( 282 30°0% — 17 §%
Strombeck (1935} 327 [ 120 50 0%, 96 47'7%
Key (1936) 48 — 541% 44 s00%
Lund (1937) 27 — 577% - 47 4%
Reynolds and Jirka
(1944) 6 3 875% - ?
Warren, Linton
and Scannell (1954) > 78 84-0% 6t | 8509
. <. s - BRLIS]

Interpretation of limb survival rates
It has already been shown that the imb survival rate in medically treated
embolism is not better than that of untreated embolism. The published series
of cases treated by embolectomy show that with one notable exception the mb
survival rate in surgically treated embolism is also no better than that of untreated
embolism. The series of embolectomies reported by Warren, Linton and
Scannell 1s notable for the number of successful operations in aortic and ihac
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embolism, but it is perhaps more an indication of what is possible than of what
is usual, In general, the results of operative treatment, even in the hands of
such experts as Key, are disappointing.

How are these findings to be interpreted? One difficulty is the general
lack of clearly defined indications for treatment, which makes it impossible to
be sure that the treated groups are truly comparable with each other or with the
untreated groups. In the writer's materni there were no sharply defined indica~
tions for treatment, the most important factor probably being duration of symp-
toms {1 . cases seen eatly were usually treated, while cases seen when the 1ssue
was already decided were usually left untreated)  In many published series the
indications ave also 1ll-defined, depending on the p ! predilections of the
observer. Interest mn the surgical problem (and perbaps some lack of experience
of spontaneous recovery) seems to have influenced certam surgeons in favour of
operation 1n many cases which might have done well without it With growing
experience, some observers have changed their views, for example on the need
for operation in upper hmb embolism (¢ g. Warren and Linton (1948) ). Even
with a single observer, therefore, the indications for operation in a series
gathered over a long pertod are not necessanly uniform.

One can concewve of a number of possible explanations for the apparent
1neffectiveness of treatment

1 Treatment may never have any effect on the local result

2 Treatment may have a bencficial effect in some cases, but treated cases are
in some way selected so as to include a higher proportion of serious
occlusions than untreated cases.

3. Treatment may have a beneficial effect in some cases and a harmful effect in
others.

4 In the great majonity of cases, some other factor may be of much greater
importance than treatment in determining the local result  The influ-
ence of this factor therefore dominates the overall results, reducing to
msignificance the small number of cases 1n which treatment exerts some
effect.

Hypothesis (2) may have some bearing, but Hypathesis (4) probably
expluns the findings better than any other, and the ‘ dommnant factor * is almost
certainly anatomical (Chapter 1X). The natural endowment of arterial col-
laterals will determine whether spontaneous recovery is possible and if this
factor is favourable, then treatment would not improve the chances of recovery.
A series of surgically treated cases will contain the following groups:

(a) Cases which would do well without operation.
(b) Cases which could do well only as a result of operation,
Group (b) will include- (i) Operative successes,
(1) Operatise failures,
8y
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The overall results in an operated series will depend upon the relatne
numbers in Groups (a) and (b), and if (a) are very much more numerous than
(b), then, allowing for operative failures, the results of a large series will not be
significantly better than those of an untreated series, especially if there is a high
proportion of the less serious forms of embolism, i.e. brachial, femoral and pophteal.

If operative treatment is of value only 1n a small proportion of cases, then it
becomes jmportant to define the indications for operation and to establish the
chinical data which enable these indications to be recognised with the minmum
of delay. This problem is referred to later in this chapter (* Problems of clinical
prognosis ’) and also in Chapter XII.

TaBLE 36
Survival pertod of patient 1n 122 embolic 1ncidents
Survival period of patient after embolism
Embolic Total
site o °-14 ‘ =3 | 4-10 [ 11-30f 112 1-2 2- 5+ 2
hrs l dys | dys | dys |mths.| yrs | oyrs | yrs
; ]
Upper himbs | i r
i
Axillary 1o V= i v = 3 | — | =1 = 5
Brachial 4 [ Jf — 1 6 3 1 1 1
Lower limbs 1‘
Aorta 17 H 1 6 3 2 T 1 1 _—
1hac 28 1 — 1 2 8 2 1 0 3
Femoral 25 — — — 3 3 e 1 1 3
Popliteatf w | — | P l — | 1 | s
All sites ‘ 122 r 1 ’ 3 o 3 ‘ 43 ' 9 I 5 I 15 { 18

# All 1n this column lived at least 30 days 1n good health, but were subsequently lost sight of
1 Includes one posterior tibual

Apart from possible effects of treatment, there are considerable d|ﬂ”'erences
in the overall figures of local results in series of cases reported by dlffel"ent
observers. These figures are probably influenced by selection of cases, particu-
larly by the relative of occl at different " i ‘ sites. When;
the observer’s special interest leads to more systematic exam{nauon mn search i{
arterial occlusion, more of the less serious forms of E.m.b(’hsm are rec.ogms‘c)
and the overall survival rate then becc:—nses Tugher. This is well exemplified by
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the figures of old spontaneously recovered embolic occlusions in patients with
mitral stenosis, recorded m Chapter Il If these occlusions be added to the
clinical series of untreated embolisms, the combined series shows an overall
Limb survival rate of 859,

Mortality

All studies of peripheral embolism show a high general mortality, due
mamly to associated conditions such as cerebral or visceral embolism and heart
fallure. Strombeck (1035) mvestigated the results of 327 cases of embolectomy,
performed in 6o different Swedish hospitals during the years 1912 to 1932, He
found that 207 (63%,) died m hospital.  Of the 120 who were discharged (61
with good circulation in the Jimb, g9 with amputations), half had died within
3 years of operation  Two-thirds had died within g years, and only one-eghth
were alive ro years after discharge from hospital.  (Actually, not all of these
patients could have been followed for more than three years.)

TaeLe 37
Mamn cause of death mn 55 patlents
1 Death directly due to imb embolism

“ Shock *, due to aortic embolism 1 patient
Gangrene, due to hmb embolism: 11 pattents

2 Death due to assaciated disease

Heart dusease

Heart fadure 18 patients

Racterial endocarditis 6 patients

Embolic obturation of mutral valve 1 patient
Internal embolism

Cerebral 3 patients

Mesenteric 2 patients

Cerebral and mesentenc 1 patieat
Subarachnord haemorrhage 1 patient
Dicoumarol poisoning 1 patient

3. Death due to comerdent disease

Broncho-pneumonia 1 patient
Acute enteritis® 1 patient
Acute mlury tuberculosis 1 patient
Carcinoma of the bronchusy 1 patient
Careinoma of the stomach t patient

Total« §§ patients

83



ARTERIAL EMBOLISM IN THE LIMBS

Survival periods in the writer's series are shown in Table 36. In 91 of the
122 embolic incidents the patient survived at least 30 days, but only in 29 (24%)
was the survival period known to be more than one year, There were a further
18 incrdents after which the patient survived at least one month in good health
but was then lost sight of. If we assume that one-third of these lived a year,
the total proportion with one year's survival would still be no more than 29%,.
In 15 embolic incidents the patient 1s known to have survived for more than
s years. The causes of death in g5 patients are shown in Table 37.

Reappearance of suppressed pulses after embolism

Reappearance of one or more of the suppressed arterial pulses distal to an
embolic occlusion was observed in a total of 33 incidents, of which 17 were sub-
sequently anatomically verified. The figures are shown mn Table 38. When
more than one pulse 1 a limb returned, it was usual for the more proximal
pulse to appear first and the more distal ones considerably later. For example,

TasLe 38

Reappearance of suppressed pulses after embolic occlusion
(4 incidents of * pseudo-embolism * and 3 mcrdents of mugrating embolus excluded)

Interval to ret f pulses
Site of | Number of | Number with !___—l" T orem ey
embolism | incidents | et of oy 8-28 | More than
pulses days days 28 days
| |
| |
Aullary 8 5 ‘[ 2 1 2
Brachial 14 10 i 4*t 2 4
touer limbs
Aorta 17 4 23 1 1
Thac 26 4 - 1 3
Femoral 23 3 — 1 2
Popliteal 27 7 2 5 —
All sites s 3 P T

* One after embolectomy,
+ One pulse returned while the artery was being palpated

1 One retumn only transient {for 7 days)
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in one case of common iliac occlusion the femoral pulse reappeared in 2 months,
the dorsal pedal in 3 months and the popliteal some months later (Case No. go).
In a case of axillary occlusion the brachual pulse appeared in 4 days and the
radial in 7 days (Case No. jo). Early reappearance of pulses (r.e. within 4
weeks) was common 1n axillary, brachial and popliteal occlusions: it was noted
n 16 of 49 embolisms affecting these arteries, but only 1n g of 66 embolisms
in the aorta, 1luc arteries and femoral arteries.

In 30 of the 33 occlusions m which pulses reappeared, the imb survived
without necrosis, but in the remaining 3 massive gangrene occurred. In Case

TABLE 39
Late results 1 surviving Irmbs
36 embolic occlusions with adequate follow-up

Site of Obsersation | Total | Full recovery | Chrome 1schaemc
embolism periods | cases | of hmb symptors
<3 months b T —
iy | nkmon | 4| :
| Al periods i 5 ( 3 p
\ <3 months 1 1 —
3-6 months 2 2 _
Brachual > months ' — '
All periods \ A \ N L
Aorta 6 months ‘ z | — 2
i
3-6 months 2 1 1
Common il | = months e : +
All periods ‘ s | s .
External 1hac 6 months t 1 —
3-6 months 1 -_ '
Common femoral | > ™onths | 4 ! 3
All periods B E A
<3 months B A ;
3-6 months 3 2 '
Poplitea) >>6 months 3 2 '
| Mlperods | 10 s \]—'
L}
Al sites | Al periods ‘ 36 19 . i
S
T ——
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No. 21 an occlusion of the right common iliac was followed by gangrene of the
leg and foot and the limb was amputated. A weak pulse was felt m the femoral
artery of the stump 4 ycars later. In case No. o there was occlusion of the left
common 1hac with good recovery: a femoral pulse reappeared at the groin 2
months later, followed within a year by the dorsal pedal and pcpllteal pulses.
Sixteen months after the left iliac embolism there was an embolism of the aortic
bifurcation and all pulses in the two limbs were agan suppressed. The left limb
again survived, but the right became gangrenous and was amputated. A weak
femoral pulse reappeared on the left side one year later and on the right side
after a further 18 months.

In Case No 81 the course of events was emigmatic  Following an embolism
of the aortic bifurcation, one limb lost all 1ts pulses but recovered rapidly; the
other had a transient return of its femoral pulse after 3 days, with improvement
of the 1schaemic signs, but again lost its pulses and then became gangrenous In
Case No 69, after embolism of the axillary artery the brachial pulse returned
within 10 days and the radial within 23 days; though there was o gangrene a
severe 1schaemic contracture developed in the hand, (This case also had a long-
standing prior occlusion in the brachial artery of the same limb.)

Reappearance of suppressed pulses after embolism 15 therefore fairly com-
mon, especially m upper limbs. In some cases of proved embolism it may occur
within a very few days. In general, this phenomenon is associated with adequate
collateral circulation, but there 1s a small number of cases in which despite
return of pulsation in the arterial trunk the collateral circulation proves m-
adequate for survival of the distal part of the kmb.

Late results in surviving limbs

There were 36 embolic occlusions i which the observation period per-
mitted some assessment of the degree of final recovery. The results of these
follow-up observations are summarised 1n Table 39. In upper limb embolism 6
of 9 cases had full recovery, in lower imb embolism 13 of 27 cases. The
planed of can be classified as follows:

residual symp

Ischaemic fibrosis (severe)* 2 occlusions
Intermittent claudication. 8 occlusions
Pain 1 foot 1n cold weather. 2 occlusions

Cold feeling in limb 1n cold weather- 2* occlusions

Rest pain 1n foot 1 occlusion
Small chronic ulcer of foot, 1 occlusion
Shight wasting of forearm flexors: 1 occlusion
Limb ¢ tires eastly *+ 1 occlusion
Limb ¢ feels heavy ’: 1 occlusion

f
# These two patients also had intermuttent claudication and are included n that group of

3 patients
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These late results were mostly m patients admitted to hospital with acute
ischaemic symptoms. In cases of old sp ly recovered embolism, found
by routine examnation of the Lmb pulses, the proportion of patients with
chronic 1schaemic symptoms 1s far lower (Chapter 1),

PROGNOSIS
Accuracy of prognosis in this study
The standard of accuracy of pragnosis (of local result) m the embolic incr-
dents of this study 1s indicated m Table 40  There were major errors of prog-
nosis m 13 occlusions out of 4 total of 52 m which prognosis was attempted
within 3 days of onset of ischaemic symptoms. Details of the 13 errors are
condensed in Table 41

TABLE 40
Accuracy of prognosis m hmb embohsm

§2 embohc occlusions 1n which prognoss was
atterapted within 3 days of onset

Number with

Time after | T e | Prognosss comeet | porno rons
onset attempted or nearly correct
|
o-1a hours 25 21 .
10-24 hours 14 10 4
1-3 days 13 3 s
o3 days 52 39 13

With one notable exception, the standard of accuracy of prognosis was
sansfactory  The exception 15 1n embolism of the aortic bifurcation, which
accounts for 7 of the 13 errors  As there were only 12 aortic occlusions with
determinate result which were seen within 3 days of onset, the incdence of
major errors of prognosis m this group 1s mordinately high. Only one of these
errors was an * error of pessimism’  This patient was seen only 20 minutes
after onset and he then had signs of grave 1schaemua, but subsequently there was
rapid 1mprovement and both limbs survived (Case No. 4)  One error was of
Little consequence, since gangrene developed only when the patient was dying of
heart falure (Case No 8o). One error was due to wrong diagnosis of the site
of the embolism and to erroneous assessment of the ischaemic signs (Case No. go
—see Chapter VII). The 4 remaing errors are of special interest and they are
dealt with in the next section.
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Deceptive course in aortic embolism
There are some cases of embolism 1n which, after initial steady improyement
1 the 1schaemic signs, there is a sudden regression with rapid deterioration and

TABLE 41
13 major errors zy’pmgnom n limb embolism

Case Site of | Duration of | Type of
No embolism | symptoms error Reason for error
4 | Aorta 20 mins * Frror of | Prognosis made too early (only 20
| pessimism ' | mims after onset)
6 [ Aorur } 13hrs [ *Errorof | Sudden regression after sl ym-
optimism * | provement
20 |R common |1ifhrs | Opumism | 2 Fffect of unsutable treatment
femoral ’ (elevation)
2[R common 3 days iortlmxsm Unusual course, with very graduat
| se } ety
22 | Aorta* 30 hrs, Optimism | Late regression after imtial improve-
ment
#5 | L pophteal | glhrs | Optmmism | Unrecogmsed partal acclusion of L
| common ihac
47 | Aorta* 28 hrs Optimism | Late regression after imitial improve-
ment
so | Aorta 2} hrs Optimism | Wrongly diagnosed as R common
thac (Previous recovery from L C
tliac embolism)
s+ L aallary |46 s, Optimusm | Wrong assumption of probable re-
covery i upper hmb occlusion
74 | L popliteal | 24 hrs Optimism | Deterioration of general condition
precipitated terminal gangrene
76 | L common | ?3hrs Optimusm | Wrong assessment of 1schaemic signs
Hhae Unrecognised earier occlusion of 1
external thac
8o | Aorta 48 hrs Optimism | General deterioration due to cardiac
| Faiture
81 | Aorta* 48 hrs Optimism | Sudden regression after nttial im-
provement

* These 4 cases are discussed m the followng section.
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necrosts of the limb  This was seen only 1n embolism of the aortic bifurcation
and there were 4 examples (Cases Nos. 6, 22, 47, 81). These 4 cases have
been marked with an asterisk in Table 41.

It might be supposed that a regression of this kind 1s due to consecutive
thrombosis, but only m one of the 4 examples quoted was extensive consecutive
thrombosis found at autopsy {Case No. 6). The cause 15 obscure, but 1t may
perhaps be related more to the ‘ dynamics * of the general circulation than to
any local developments in the hmb. The collateral circulation of an artery so
large as the aorta 1s probably much more sensitive to changes n the general
arterial blood-pressure than that of smaller arteries.

Whatever 1ts explanation may be, this tendency m aortic embolism makes
prediction of the result impossible, and for this reason conservative treatment is
not practicable 1 any case seen early enough for operative treatment (Chapter

Xy,

Problems of clinical prognosis

In embolism of the brachial or popliteal arteries the local result 13 almost
mvariably good and gangrene need mever be anticipated except i a moribund
patient. There 15 therefore rarely any clinical problem of prognosis in these
cases.

Aortic occlusions in which the collateral arculation mitially appears ade-
quate not uncommonly undergo sudden regression, with rapidly ensuing gangrene,
and there 15 no means of recogmsing the cases which will deteniorate in this way.
There 1s therefore no clinical problem of prognosis 1 aortic embolism, every
case seen early enough should be subjected to embolectomy, which offers the
best hope of averting gangrene  The chief clinical problem 1s one of diagnosis,
this has already been discussed 1n Chapter VII

It1s n thac embolism, and to a lesser extent in femoral and axillary embolism,
that clinical prognosis presents the greatest problem A considerable propor-
tion of these cases will recover spontaneously, but there are some who will not,
and for these embolectomy should be performed with the least possible delay.
How are these latter cases to be recogmsed ? Some authors (e g. Richards (1954))
have recommended a tral of 'medical measures with a perod of observation up
to three hours, operation to be performed if there has been no improvement
withm this ume  The writer's experience indicates that 1f signs of Vvery severe
ischaemia have persisted for more than two hours after onset the outlook for the
limb 15 very poor  In a case with severe 1schaemic signs, rapid improvement was
never observed after the lapse of two hours from onset, either following treat-
ment or without 1t, though 1t was seen several times 1n cases observed within an
hour of onset (Cases Nos 4, 20, 75) After two hours, further improvement is
almost imvarably a gradual process, probably dependmg upon grouth of col-
laterals, It should usually be possible to form an opinion on the local prognosis
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ARTFRIAL EMBOLISM IN THE LIMBS

in any case of embolism of the iliac, femoral or axillary artery seen more than
two hours after onsct. The signs most useful in assessing the severity of the
ischaemia are;

3. *Waxen pallor’ or extreme pallor with gyanotic motthng. There were 11
embolic occlusions in which one of these signs was present at first
examination.  In 8 of them primary gangrene ensued, one was indeter-
minate (Chapter VI).

2. Pallor persisting in the whole foot or hand for more than 2 hours affer onsct.  This
sign was present in 6 of 8 embolic occlusions in which primary gangrene
ensued, but 1n none of 9 1 which the limb survived (Chapter V).

3. Extensive sensory tmparrment 1 the skin, In cases of aortic and common ilac
embolism examined within 24 hours of onset there were 6 1n which
primary gangrene ensued  All these had sensory imparment to the
knee or higher  In 9 linbs which surived, only one had sensory loss
to the knee (this was at 13 hours) and two to nud-tibia (at 20 minutes).
One had sensory loss to mid-tarsus only and ¢ had no demonstrable
sensory loss at all (Chapter VI, Table 22). In cases seen more than 2
hours after onset, therefore, sensory impairment of the whole foot or
more was closely correlated with gangrene.

4 The ‘ venous refilling sign . There were 14 embohised ltmbs in which ven-
ous refilling was classified as * negligible * or “sluggish *; only two of
these survived.  Six limbs in which the venous refilling was classified as
* fairly good * or * normal * all survived (Chapter VI).

The evidence already discussed 1n Chapter VI indicates that in imbs which
have adequate collateral circulation these signs of grave 1schacmia should begin
to regress within two hours of onset. If still present in a case seen after two
hours they indicate inadequacy of the collateral circulation,

Case No g4 1s worthy of attention 1n the light of these principles. The
patient was seen 16 hours after onset of symptoms from an occlusion of the
axillary artery and her general condition was good. Though there was no pallor,
the 1schaemrc signs were unusually severe for an upper himb embolism and
sensory loss extended nearly to the elbow. Prognosis was guided too rigidly
by the principle that gangrene 15 unlikely in upper limb embolism, and 1t proved
to be wrong. The anatomcal study (Chapter IX) shows that good collaterals
are usual 1n the upper limb, but that there are occasional exceptions even here
(Fig. 21). Provided two hours have elapsed since onset, the objective ischaemic
signs represent the most reliable guide to prognosis.

In the majority of cases, the apphcation of these principles should enable
an immediate decision to be made as to whether operative treatment 15 indicated.
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Anatomical Variations in
Arterial Collaterals

Introduction

It has been stressed by some writers (e g. Massé (1925) ) that collateral
circulation 15 a vital process in the living orgamism and that 1t cannot be studied
in the cadaver  This is true, but the basis of collateral circulation 15 essentially
anatomical. Unless we have a clear 1dea of the nature, size and numbers of the
available collateral pathways, we cannot usefully discuss local physiological factors
such as vasomotor reactions which may mfluence their function. How numerous
and how large are the collateral arteries which must carry the crculation mto a
limb when the main arterial trunk 15 suddenly occluded? Do the macroscopic
artersal anastomoses form the most 1mportant pathways, or is the lmb more
dependent upon 1ons between the minute ‘ pre-capillary * ramifi-
cations? Does the natural degree of anatomical development of arterial anasto-
moses vary greatly in different persons? If some dividuals have a much richer
collateral system than others, then this fact may have some part 1n accounting for
varying degrees of 1schaemia in different cases of Iimb embolism

Embolism 15 the ‘ purest ” form of acute arterial occluston, for it occurs
suddenly. The arteral segment imtially occluded 13 usually limited i length and
1t often occurs m persons whose arteries are healthy. In such cases, collateral
arrculation depends upon the natural ‘ anatomical * anastomoses, not augmented
by any prior process of abnormal development

There 15 a great wealth of mformation on arterial anatomy 1w the standard
anatomical works of the past two hundred years, and most of these describe and
lustrate collateral arterial anastomoses of the larger calibre, demonstrable by
dissection.  However, these works do not answer the question most germane to
the chmeal problem of limb embohsm, 1 e. whether there are individuals with
gross deficiency of the collateral system n general or n particular anatomical
regons and, 1f so, how common such individuals may be. Even n works such
as those of Quain (1844) and Adachi (1928), which deal 1 great detail with
variations 1n arterial ramification, the incidence of vamations is described for
each artery separately and they do not provide the answer to this question
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in any case of embolism of the iliac, femoral or axillary artery seen more than
two hours after onset, The signs most useful in assessing the seversty of the
ischaemia are.

1. *Waxen pallor’ or extreme pallor with ¢ranotic motthng. There were 11
embolic occlusions 1 which one of these signs was present at first
examination. In 8 of them primary gangrene ensued, one was indeter-
munate (Chapter VI).

2 Pallor persisting in the whole foot or hand for more than 2 hours aficr onset  This
sign was present in 6 of 8 embolic occlusions in which primary gangrene
ensued, but in none of 9 1n which the hmb survived (Chapter V).

3. Extensnie sensory impairment in the skin  In cases of aortic and common 1liac
embolism examined within 24 hours of onset there were 6 n which
primary gangrene ensued  All these had sensory mmpairment to the
knee or higher. In 9 limbs which survived, only one had sensory loss
to the knee (this was at 13 hours) and two to mid-tibia (at 20 minutes).
One had sensory loss to mid-tarsus only and 5 had no demonstrable
sensory loss at all (Chapter VI, Table 22) In cases seen more than 2
hours after onset, therefore, sensory impairment of the whole foot or
more was closely correlated with gangrene

4 The “ venous refilling sign’.  There were 14 embolised limbs in which ven-
ous refilling was classified as “ neghgible * or * sluggish *; only two of
these survined  Six limbs 1n which the venous refilling was classified as
* fairly good ’ or * normal ’ all survived (Chapter VI)

The evidence already discussed in Chapter VI indrcates that m limbs which
have adequate collateral circulation these signs of grave ischaemua should begin
to regress within two hours of onset  If still present in a case seen after two
hours they indicate 1nadequacy of the collateral circulation

Case No. 54 1s worthy of attention in the light of these principles The
patient was seen 16 hours after onset of symptoms from an occlusion of the
axillary artery and her general condition was good Though there was no pallor,
the ischaemic signs were unusually severe for an upper limb embolism and
sensory loss extended nearly to the elbow. Prognosis was guided too ngdly
by the principle that gangrene 15 unlikely in upper mb embolism, and 1t provcd
to be wrong. The anatomical study (Chapter IX) shows that good collaterals
are usual in the upper limb, but that there are occasional exceptions even here
(Fig. 21). Provided two hours have elapsed since onset, the objective 1schaemic
signs represent the most reliable guide to prognosis.

In the majority of cases, the application of these principles should enable
an immediate decision to be made as to whether operative treatment is indicated.
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strating fine anastomoses than the white lead suspension. Olovson apparently
injected only one internal 1liac artery in each subject, and he therefore provided
no evidence on symmetry of arterial collaterals,

Olowson's study has given valuable systematic information on the ilio-
femoral anastomoses and their varnations in different persons. It showed that
there are some individuals with gross deficiency of the larger anastomoses.  How-
ever, conclusions drawn from the investigation of one parucular collateral field
are not necessanly applicable to another. The study described in this chapter
was directed to the fields of collateral blood supply related to some of the com-
mon chimeal types of himb embolism It was designed to obtain some informa-
tion on variations in the artenal collateral systems of different individuals, to
compare the collateral systems of lower hmbs with those of upper limbs and to
examine whether the extent of devel
individual is usually symmetricat

of arterial coll Is 1 a particular

MATERIAL AND METHODS OF STUDY

Procedure

The procedure consisted of Ligation of the main arteries of the limbs at the
points of bifurcation where embolism commonly occurs, followed by mjection
of radio-opaque fluid and radiography ~ The method of arterial hgation was
designed to imitate the effects of impaction of an embolus, which usually fills
the lowest segment of the mam trunk and occludes both its duisions. Both
disisions were therefore ligated at their onigins and a Ligature was placed on the
main trunk a few centimetres proximal to the bifurcation. This process of
* exclusion * of the lowest segment of the main trunk was completed by ligation
of every branch ansing from the mamn trunk between the occluding ligatures.

Position of occluding ligatures

The arteries studied were the upper brachial and the lower brachial in the
upper Irmb and the common femoral and popliteal in the lower limb  The
ligation method in each case was as follows (Fig. 11).

UPPER BRACHIAL
1 A hgature on the brachial trunk at 1ts origin
2 A ligature on the brachial trunk immediately below the origin of the deep
brachial.
3 A hgature on the deep brachial atats origin.
4 Ligation of all branches of the brachial trunk arising between the main
occluding ligatures
LOWER BRACHIAL.
1 A hgature on the brachial trunk, approximately ¢ cm above its terminal
bifurcation.
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Olovson (1941) made an admirable survey of the anatomical writings on artersal
anastomoses and quoted n summary the contributions of more than thirty of
the best-known authorties to this subject, from Winslow (1732) to Rauber-
Kopsch (1935). He concluded that *, . . precise information on the frequency,
extent and calibre of the anastomotic pathways is almost completely lacking "

In 1922, Leriche expressed the view that the macroscopic, dissectable,
arterial anastomoses were largely an anatomists’ myth and that they have hetle
part in the maintenance of collateral circulation, which he held to depend upon
minute anastomoses between the * pre-capillary * arterial ramifications, especiall)'
those of the muscles,  This view was based mainly upon the work of his colleague
Rassat (1922}, who attempted to d rate arterial by dissectton
in a series of 18 human foetuses and almost completely failed to do so.

Subsequent anatomical studies 1n the adult, both by dissection and by radio-
graphc methods (e g Massé (1925), Olovson (1941) ), have vindicated the
teachings of the anatomists on the reality of the larger arterial collaterals. Tanov
(1928), in experiments on artifictal embolism in dogs, showed that if paraffin were
njected into the femoral artery 1n amounts sufficient to fill the man trunks
down to the ankle, then gangrene ivariably resulted. He concluded that no
system of * pre-capillary * anastomoses could carry an adequate collateral circu-
lation if the larger arteries were put out of action in this way ~ These experi-
ments were performed upon lLving himbs, and there was close correlation
between the incidence of gangrene and the anatomical extent of the arterial
occlusions.

The existence of macroscopic arterial anastomoses and their essential part
in the maintenance of collateral circulation have thus been estabhshed. Quiring
(1949) has given a systematic account of the anatomical basis of collateral circu-
lation in the different regions of the human body, together with a survey of some
of the experimental investigations on collateral circulation 1n animals.

There is sull relatiely htle information on the general ncidence of
anatomical varnations 1 arterial collaterals in different human subjects. Olovson
(1941) made a valuable study of the anastomoses between the internal thac
artery and the femoral artery i human cadavers, using a method of injection of
radio-opaque fluid into the internal 1hac, followed by stereoscopic radiography.
He injected a total of 107 adults and 31 foetuses, using two different fluids  In
a series of 38 adults, injected with a white lead-gum arabic suspension, there
were three subjects 1n which no anastomoses could be demonstrated and two
which showed only a single osis  In the r 33 subjects the
number of anastomoses shown ranged from two to five. In a series of 69 adults,
injected with * Teichmann’s fluid”’ (chalk and mercuric sulphide, suspended. n
2 muxture of Iinseed oil and carbon disulphide), there were 33 subjects in which
no could be d. rated However, Olovson considered that this
fluid, which requires warming to render it mobile, was less reliable for demon-
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Fia 11 Inpection diagrams

In Figs. 12 to 22, the techmque of ligation and myection used in each experiment
15 indscated tn 3 dugram of the type dllustrated here  Hatching of an artersal
segment mndicates complete excluuion of that segment by hgation of all branches
ansing between the mun occluding Tigatures  Popliteal arteries have been
occluded by meertion of a plasticine plug through an ancision in the popliteal
fossa, lead shot being mcluded to mike the position of the Flug sisible in the
arteriogram  Popliteal occlusion is therefore represented by stippling
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2. A higature on the radial at its origin
3 A ligature on the ulnar at its orgin
4 Ligation of all branches of the brachial trunk arising between the main
occluding higatures,
COMMON FEMORAL®
1. A hgature on the common femoral trunk at 1ts origin.
2. A hLgature on the decp femoral at 1ts origim,
3. A Digature on the superfical femoral immeduately below the origin of the
deep femoral
4. Ligation of all branches of the common femoral trunk arsing between the
main occluding hgatures
PoruTraL:
The bifurcation of the popliteal 15 very deeply placed and attempts to expose
it may cause mnfury to collaterals. The popliteal was therefore occluded by a
plasticine plug, inserted into the artery at the level of the kneejont, where
1t 1s easily accessible, and pushed down towards the bifurcation  (The am
was to reach this but, as some of the illustrations show, this was not always
achteved ) Small lead shot, embedded in the plasticine, make it visible 1n the
arteriogram

Position of injection cannula

In the lower limb the cannula was tied into the superfictal femoral unmedi-
ately below the occluding ligature and was directed distally  The collateral
system of the femoral was therefore demonstrated by retrograde flow from the
femoral to the 1hac system, that of the popliteal by downward flow towards the
foot.

In the upper hmb the cannula was tied 1nto the brachtal trunk mmediately
below the onigin of the deep brachial and was directed distally  The collateral
system of the upper brachal was therefore demonstrated by retrograde flow
from the brachual to the axillary system, that of the lower brachtal by downward
flow towards the hand

In each expertment, either both lower limbs or both upper ltimbs were
injected The upper arteries (common femoral or upper brachial) were always
occluded on both sides  The lower arteries (pophiteal or lower brachial) were
sometimes occluded on both sides, sometimes on one side only and sometimes
left intact (Fig. 11).

Injection fluid
The fluid used for mjection must possess certain qualities 1f good arterio-
grams of the finer vessels are to be secured  Apart from its expense, a homo-
geneous fluid such as 10dised o1l 15 not suitable, for if the injection pressure be
rased above a certamn level (in one expertment made, approximately 200 mm
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sure of less than 15a mm is usuwally madequate  In principle 1t would seem
advisable to use as high a pressure as possible, but m practice a pressure of 324
mm not infrequently causes rupture of small vessels and consequent extravasatson
of the contrast flurd.  The majority of the injections were carned out at & pres-
sure of 23z mm, but a certam number were done at 325 mm A comparison of
the vesults 1 these two senes shows no significant difference between them
{p- 121}

rrigation of the arterial system before injection

There has been controversy as to the adwisability of wrrigating the artenal
system with saline or aitrate solution before mgection, n order to remove any
blood or post-mortem clots which may he m the arteries  Some workers have
advised 1t (¢ g Petrén (1929}, Kurkowsky (1934) ), while others have thoughe
st harmful rather than helpful (¢ g Reinberg (1922), Hill (1929} ) Olovson’s
practice was to wash out the artersal field studied ‘ in both directions * with
physiological salime, and as he found that this brought away numbers of clots he
considered rrrigation advisable

The problem »s not ssmple  If 1t 15 possable entirely to free the arterial
field under study from post-mortem clots by 1rngation, then this 1s obviously
desirable  The sdeal method nould be to srrigate with aitrate solution immedr-
ately after death, before any post-mortem clotting could occur, but this 1s'rarely
practicable.  After post-mortem clots hive formed the situation 15 dufficult, for
triigation must be carried out m such a way as to wmpel any clots from the
smatler to the larger arteries  Otherwise clots may be moved from lfarge
arteries, which they do not completely obstruct, to become firmly wnpacted
wto smaller arteries  When clots are present, therefore, the only safe
methiod of srnigation would be from the venous side through the capillary sys-
tem wito the artenies  This 15 technically very difficult, for post-mortem clots
are uswally much more numerous and much larger w the veins than wn the
arteres

In fact, examunation of arteries 1 the cadaver shows that though post-
mortem clats arc often present i arteries they tend to be mamly in the larger
artenes and are not wsually so large as fully to occlude them A thin, oily
mjecnion fluid seems to run past these clots very eanly Irrsgation, even if
it brings anay a number of <lots, gves no guarantee that all clots have been re-
roved or, more importanaly, that none of them have been driven into and im-

pacted in smaller arteries  For these feasons, irngation was not employed 1n
this study.

Duration of injection

The injection was contmued for 20 to 30 minutes. The inflow was stopped
before X-ray photographs were taken
101



ARTILRIAL EMBOLISM IN THE LIMBS

Hg.) this fluid will pass over into the venous system, completely confusing the
arteriogram, A suspension of radio-opaque powder must be used, fine enough
to enter the smallest arteries, yet too coarse to pass over into the veins. Various
suspensions, mostly of lead or barium compounds, some aqueous and some oily,
have been used by different workers for post-mortem arteriography.  In aqueous
suspensions gum acacia 1s usually employed as the suspending agent, The con-
trast powder must be fine and free from large particles or agglomerations and it
must have a high molecular weight so that 1t is sufficiently radio-opaque. The
suspension must be free-running, even when cooled in the vessels of the cadaver.
Sedimentation must not be too rapid and there must be no tendency to caking

n the suspension,
3

Trials were made with various aqueous suspensions of bartum comp
but 1t was soon found that * Hauch’s flud * (Hauch (1913) ) is superior to these
and 1t was therefore used throughout the rest of the study. Hauch’s fluid has

the following composition,

Red oxide of lead (Pb,O,) 8 parts by weight
Parafhn o1l: 8 parts
O1l of turpentine g parts

The muxture 1s carefully trturated in a mortar and then filtered through 2
thick wad of gauze  The flud flows freely into the finer artersal branches and
casts a very dense shadow in the artenogram. When stirred up, the powder
will remain n suspension long enough to ensure good mjections, especially of
the fluid in the reservoir be kept agrtated during the mjection.  The otly medium
effectively prevents caking of the powder, even when there is some sedimenta-
tion. When the rate of inflow 15 slow, care should be taken to arrange the injec-
tion tubing so that there are no dependent parts below the cannula into which
sedimentation can occur, otherwise the inflow may consist mainly of the oily
vehicle and the contrast in the arteriogram will be madequate. If the cannula
be the lowest part of the system, then sedrmentation will not prevent good
injections being made

Technique of injection

The injection was made by gravity, using a resenoir with a mechanical
agitator to mimnuse sedimentation The reservoir was suspended by a cord
passing over a pulley placed at a height of 4 metres above floor lc'vel, which
enabled injection pressures of up to 400 mm of mercury to be attained. The
system was calibrated by means of a mercury manometer.

Injection pressure
Experiments with different injection pressures showed that the most su-
e is between 200 and 300 mm of mercury (Figs. 12, 13, 14). Apres-
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Experumental  post-mortem  arterio-
graphy  Effect of varying injec-
tion pressure  Bilateral injection
into superficial femoral arteries
with hgation of the femorals and
Iigation and plugging of the right
popliteal as show n in the injection
dugram  Films taken after 10
minutes” flow at 100 mm Hg
(Compare with Figs 13and 14)



CASE 45 (HT)}77 F
INJECTED @ 1 48
(4OHRS P-MORTEM)
PRESSURE 235 mm HQ
DURATION OF FLOW 3Omn

FEMORAL
R L

POPLITEAL

&
x
9
@
E4
R
TIME (mn) AN~
Fic 1g [
Experimentsl  post-mortem  arterio- * /

graphy No 45 Lower imbs  Ocelu- '

sion of both common femoral arteries 3
and lower part of left popliteal
Grade of collateral circulation '
R commen femoral 1 {* good )
L common femoral Il (* good ’)
L pophteal 1 (‘ very good’) ;



ARTLRIAL EMBOLISM IN THE LIMBS
Radiography
1f the aim is to ldennfy particular arteries, then stereoscopic radiography 1s
essential.  In this study, however, the aim was to compare the general extent of
collateral circulation at different sites and in different subjects, and ordinary
radiography 1s adequate for this. Stereoscopic films were taken in some expert-
ments, but were not done as a routine.

Material investigated

A total of 66 cadavers were injected, but for purposes of comparison those
injected with barium suspensions were excluded  The series therefore com-
prises 57 adult cadavers, all injected with Hauch's fluid. Thirty subjects were
male and 27 female, with ages ranging from 4o years to 9o years, 40 subjects
bemg over 70 years old. The subjects were hospital patients dymg of various
diseases but not known before death to have either * emboligenic ” heart disease
or occlusive vascular disease. A certain number were shown by the injection to
have occlusive vascular disease, not recognised during life.  In most cases this
was not of a degree or situation likely to impair interpretation of the arterio-
gram, but there was one case (Experiment 39) 1n which the demonstration of
collateral circulation may have been affected (see later in this chapter—* Effect
of arteriosclerosis 'y The injections were made at periods after death varying
from 4 hours to 44 hours, but the great majonity were done within 24 hours.

Interpretation of results

The extent of collateral circulation was estimated mainly by the degree of
filling of the main arterial trunks beyond the occlusion and by the general nch-
ness of visualisation of smaller connecting arteries. Some further estimate was
obtained by recording the rate of iflow of the injection fluid throughout the
injection. This has been charted in most of the experiments (see mjection
dragrams accompanying Figs 15 to 22). The characteristic inflow chart shows
an nitial phase of rapid inflow lasting ¢ to 1o munutes, this represents filling of
the vascular system of the hmb distal to the occlusion and 1s more pronounced
in lower hmbs than 1n upper hmbs. The rate of inflow then falls off rather
sharply and the subsequent gradient of the curve indicates the rate of continutng
flow through collaterals leading back to the torso. This gradient usually accords
very well with the grade of collateral circulation as estimated from the arterio-
gram (see injection diagrams accompanying Figs. 15 to 22).

An arbitrary scheme of classification was applied to the extent of collateral
circulation demonstrated by this technique  Srx grades were distinguished, and
these are exemplified for the common femoral artery:
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CasE 57 (JF) 70 M
INJECTED  9:4 49
(271Rs P-MORTEM)
PRESSURE 23S mm HY
DURATION OF FLOW 30mn

FEMORAL

POPLITEAL ARTERIES INTACT

£

8

z
)
TIME (men)
Fic 17

Experimental  post-mortem  arterio-
graphy No 57 Lower limbs  Occlu-
s1on of both common femoral arteries
Grade of collateral circulation-

R common femoral VI (‘nd ")

L common femoral VI (* il *)




CASE 28 (MR) 66, F.
INJECTED 24 348
(20HRs P-MORTEM)
PRESSURE  325mm Hy
DURATION OF FLOW  30man

FEMORAL
R

POPLITEAL

JCpry
§ 0
g e
w0

IC

TIME {win)

Fic 16

Experimental  post-mortem  arterio-
graphy No 28  Lower lmbs  Occlu
sion of both common femoral and both
popliteal arteries
Grade of collateral circulation

R common femoral, V (‘mimmal’)

L common femoral, 1V (* pont *)

R pophteal I (* very good’)

L pophteal I ¢* very good '}




case se (Ex) 73 F
INJECTED 29 ) 49
(20 HRS P-MORTEM)
{11} PROXIMAL INJECTION
Fre. 15 PRESSURE 235 mm big
Expenmental post mortem arteriography No 56 DURATION OF FLOW (Ome
After completion of the njection distal to the com-
mon femoral occlusions, a second jection has been
made into the night external iliac artery proumal to
the occlusion, a5 shown in the mjection diagram
(The abdomymal aorta and the inferior mesenteric
artery have been ligated in order to exclude the in-
Jection from the mesenteric artertes ) The Flm
taken after this second ijection shows that the pelic
vessels, which failed to fill by coflateral flow from the
distal injection, are i fact patent, both the large
trunks and therr finer ramifications  (Compare wth
Fig 18)
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case s6 (Ex) 73 F,

INJECTED 21 9-49
(184HRS  P-MORTEM)
(1) OISTAL INJECTION
PRESSURE: 235 mm Hg
DURATION OF FLOW 3Qme

INFLOW (m1)

TIME {min)

Fic 18
Experimental  post-mortern  arterio-
graphy No g6 Lower hmbs  Occlu-
sion of both common femoral arteries
Grade of collateral cireulation
R common femoral ¥ (‘mmmal ')
L common femoral IV (* poor’)
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ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

fiencies in the system of artersal collaterals, erther absence or very small
size,

There are some possible theoretical objections to this sterpretation.
Firstly, the wjection fuid might not easily enter the finer arterial collaterals, so
that many of them rgbt pot be visualised.  Olavson found that * Teichmann’s
fluid 7 has some disadvantages in this respeet.  The method wsed sn this study,
hawever, does provide some check on this possible error, for it can be seen 1o
what extent the finer arterres have been injected 1n the dustal part of the hmb.
I the wjection here bas run freely into the small artersal divisions 1t may be
presumed that 1t would demonstrate collateral channels of at least equisalent
swe, Inany tase, an error of this type would affect all cases equatly and should
still alfow compatison between them as to the presence of injectable collaterals,

Secondly, collateral arteries may fal to 6ifl becawse they are occluded by
post-mortem clots  Some expeniments were done to test this possbiity In 2
nutmber of experiments n which the mjection had shown inadequate collateral
circulation, a second ryection was made o the same artersal trurk on the other
side of the oeclusion 1o the case of the femoral, the sceond jection was made
wto the thac system, proximal to the * excluded ' segment  In the case of the
lower brachial, the second injection was made to the radal artery, distal to
the excluded segment  Examples of this type of twostage arteriography are
slhustrated o Frgs, 18and 1o and Bigs 21and 22 InFrg, «8, the first mjection s
seen to have ngected the hmb very fully, but the collateral areulation, demon-
strated by retrograde flow mto the pelvic system s inadequate {right side * Grade
V7, left sude * Grade 1V ") The second iajection, made into the nght external
thac, provimal to the excluded sepment of the common femoral, shows a ery
complete ijection of the pelvic system wath extensn e Biling of the fner arternal
ramfications (Fig 19} M the fatlure 1 the first mjection to demomstrate cal-
lateral commanscations between the femaral and e systerms were due to
obstruction by clots, st must be presumed that these clots were untversally
present 1, and confined to, communications between the finer ramfications of
the two systems  This appears highly unlikely and the possibility may fasrly be
rejected.

There ate two other pieces of enidence m favoer of the adequacy of the
technique  Fustly, collsteral circulation, a5 demonstrated by the method,
exhibits stnking symmetry (p 120) It could hardly be supposed that techmeal
errars would apply bilaterslly w nearly every subject  Secondly, the method
rarely faly to demonstrate pood collaterals i the upper limb, and there seems
no reason why technical errors should apply only to Jower himbs.

Results of injection experiments

The results of the series of §7 experiments are set out 1a Schedules 1, 2,3
and 4 and summansed 1n Tables 42, 43, 44 and 44,
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ARTERIAL EMBOLISM IN THE LIMBS

Grapr I (* Very good *): Complete filling of the shac arteries and exten-
sive filling of their finer ramifications.

Graor 11 (* Good '): Complete, or almost complete, filling of the iliac
arteries,

Grape Il ¢ Fayr *): Partial, but substantial, filling of the iliac arteries.

Grapt IV (* Poor ). Fragmentary ﬁllmg of the 1hac arteries.

Grapt V (* Minimal ’):  No visible ﬁl]lng of the iliac arteries, A few
small arteries visible proximal to the inguinal
higament

Grave VI (* N1l 7y- No artertes visualised pmxima] to the inguiml

higament

vy 4 7 LA oy
P e T e Sl
.2

23

CASE 54 (E H) 70 M 311243  SECOND INJECTION, INTO DISTAL END OF RADIAL
ARTERY 235
4 RADIAL
’ ULNAR
PRESSURE 235 mm H¢
DURATION OF FLOW 8 min
Fic 22 Experimental post-mortem ar hy No 54 After 1

of the proximal injection mto the left brachial artery, a further mjection was

made into the left radtal artery  This demonstrates’ chat the radial and ulnar

arteries, which failed ta bl by collateral flow from the injection proximal to the
lower brachial occlusion, are in fact patent  (Compare with Fig 21)

Examples of some of these grades are illustrated in Figs. 15 to 18. Similar
systems of grading were apphed to the other three arterial fields studied, and
examples are illustrated in Figs. 15 to 71.

Adequacy of the technique
Failure to demonstrate collateral circulation by means of this technique of
post-mortem arlenograph) has been interpreted as indicating anatomical de-
112



ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

SCHEDULE 2
Popliseal artery—Results of 24 experiments (42 arteries)

Number of Ageof Sex of Grade of callateral arrculation
expertment subject subject Left Rught
6 70 M 1 i
9 40 M it I
12 70 ¥ m w
13 70 M 1 1
4 90 M 1 1
15 70 ¥ 1 v+
16 7t M v v
17 83 F n vE
18 78 M v m
28 66 F 1 1
19 84 F i m
30 81 F n Tvx
3N 5 F I I
31 59 M n 1
33 34 F 1 1
3¢ 78 M v v
35 7 F m i
36 90 F e 1
37 68 M m —
38 58 M m —
£ 72 F v —
41 75 M ! —
45 77 F 1 —
66 74 F — 1

* Instances of asymmetrical collateral circulation



ScHEDULE 1
Common femoral artery—Results of 40 experiments

Number of Age of Sevof Grade of collateral circulatson
experiment subject subject Lefe Righ
6 70 M I n
9 40 M 1 1
to 46 F 1 1
1 70 F 1 i
i 70 M 1 1
" 90 M n "
I 70 F It "
16 72 M 1 |
17 83 F v v
8 78 M w v
19 76 F v VI
20 66 M VI v
21 69 M n n
22 87 M U} —*
23 %0 M v v
24 68 M v v
25 5 M v w
16 77 M m i
27 73 M vi vi
8 66 F v v
29 84 F v vi
30 8¢ F v v
31 59 F v vi
2 59 M ' !
3 84 F u u
34 78 M n n
35 7t F v vt
36 g0 F n I
37 68 M ! !
38 8 M m n
39 72 F u i
41 75 M ! !
45 77 F n "
55 80 F v It
56 7 F v M
o o M vi VI
8 50 M v v
Ity 8 M ! !
63 $o M v vi
66 7 F v v

* R-sided injection failed through faulty cannulisatien.
§ The only mstance of asymmetncal collateral circulation observed in femoral arteries
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ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

TABLE 42
Common femoral artery—grade of collateral circulation

Summary of results of 40 experiments (79 artesies)

Grade of collateral Number of Peccentage of
arculation shown arteries all arteries
1 Verygood’) | 16
I Good”) 11
I (Far’) 5
¢ Adequate '* e 5% -
IV ( Poor’) 5
V(¢ Monimal 7y 22
VI (Nl 1o
“ Inadequate " 37 9%
* Very madequate "* 32 4%

* For defintion of these terms see p 119

TABLE 43
Popliteal artery—grade of collateral arculation

Summary of results of 24 experiments (42 arteries)

Grade of collateral Nurmber of Percentage of
arculation shown artenes all artenies
1 (* Very good *) 13
1 ( Good 'y 5
m (¢ Far’) 10
¢ Adequate ~ 32 76%
IV (* Poor’) 8
Vo Minmal *) 2
VI (Nl —
* tnadequate * 10 2%
¢ Very madequate * 2 %




ARTERIAL EMBOLISM IN THE LIMBS

SCHEDULE 3
Upper brachial artery—Results of 17 expertments (3.4 arterses)

Number of Age of Sexof Grade of collateral circulation

experument subfect subjfect Lefe Right
41 66 F 1 1
43 74 F ! 1
44 73 F ] It
46 78 F u n
47 65 M 1 1
48 70 F 1t i
49 67 M I 1
50 86 F I 1
5t 64 M It n
51 71 M 1 il
53 P M u 1
54 71 M mn v
60 74 F nm )i
61 83 F n u
62 53 M 1 u
64 58 F 1 1
65 89 F I I

* The only mstance of asymmetrical collateral circulation observed in upper brachul arteries

SCHEDULE 4
Lower brachial artery—results of 17 experiments (21 arteries)

Number of Age of Sex of Grade of collateral crrculation

evperiment subject subject Ieft Right
4 66 E — 1
43 74 F — n
44 73 F - 1
46 78 F —_ m
47 65 M 1 —_
48 70 F it -
49 67 M —_— n
50 36 F 1 —
51 64 M n -
5 7 M — n
53 47 M 1 —
54 7t M v —
6o 74 r m nr
61 23 F 1 1
61 53 M — 1
64 58 F 1 1
65 89 F 1 1



ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

Comparison of collateral circulation in different groups

In recording the results of the experiments, six grades of collateral circula-
ton weve distinguished, but when comparing the findings in different subjects
it would not be right to fay great stress upon finer degrees of difference. The
results have therefore been collected into three main groups.

Adequate collaterals: Grades I, I and 1l
Inadequate collaterals: Grades [V, V and VI
Very madequate collaterals:  Grades V and VI

In Tables 42, 41, 44 and 45 the findings at cach of the four anatomical
regions studied are classified according to thus systern.

Comparison between upper and lower limbs
Comparing common femaral and upper brachial arteries:

COMMON FEMORAL 79 arteries (average age of subjects 71+6)

COLLATERAL CIRCULATION Inadequate 37 arteries (43%,)
Very wnadequate 32 artertes (40%,)

UPPER BRACHIAL 34 Arteries (average age of subjects 69)
COLLATERAL CIRCULATION: Inadequate vartery  (3%,)
Very snadeguate 1 artery  {3%)
For Very mnadequate groups:
Difference: 37
SE.x2=12:¢

Age and sex

Close comparison of collateral cireulation at different ages 15 not justifiable,
for the material does not include enough of the younger subjects, for the
<common femoral

Susyrers OVER Bo YEARS 21 artertes
Adequare 1o arteres
Inadequate Y1 arteries
SupjecTs UNDER 60 YEARS 12 arteries
Adequate 8 artertes

Inadequate 4 artertes

Thus pownt may be of some chirucal importance, but further study 15 needed
for its elucadation.

There was no signifi diffs

e 1 artersal coll. Is 1 the two sexes.
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ARTERIAL EMBOLISM IN THE LIMBS

TABLE 44
Upper brachial artery—grade of collateral circulation

Summary of results of 17 experiments (34 arteries)

Grade of collateral Number of Percentage of
circulation shown arteries all arterses
1 (‘Verygood'’) | 5}
11 (' Good’) . 15
I Far’) . s
¢ Adequate ; 31 97%
IV ( Poor’) , —
vV ( Mimmal ") [ '
VI NILY) ! -
* Inadequate * “ ' 1%
* Very 1nadequate * L ' 3%
TaBLE 45

Lower brachial artety—grade of collateral cireulation

Summary of results of 17 experiments (21 arteries)

Grade of collateral Number of Percentage of
circulation shown arteries all artenies
I (*Verygood’) | 12
Il (‘Good’) 4
M (¢ Far’) .
* Adequate * 20 95%
IV (‘Poor’) —
vV ( Mimimal ') 1
VI (Nl —
* Inadequate * T %
* Very Inadequate * ' %




ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

Comparison of collateral circulation in different groups

In recordng the results of the experiments, six grades of collateral circula-
tion were distingusshed, but when comparing the findings in different subjects
it would not be nght to Iay grest stress upon finer degrees of difference.  The
results have therefore been collected 1nto three main groups:

Adeguate collaterals: Grades 1, Hand #I
Inadequate collaterals: Grades 1V, Vand Vi
Very inodequate collaterals:  Grades V and Vi

In Tables 42, 43, 44 and 45 the findings at cach of the four anatomical
regions studred are classified according to this system.

Comparison between upper and lower Hmbs
Comparing common femoral and upper brachial arterses:

COMMON FEMORAL 79 artertes (average age of subjects 72-6)

COLLATERAL CIRCUIATION . fnadequate 37 atteries (47%,)
Very snadequate 31 artertes (40%,)

UPPER BRACHIAL 34 arternes (memge age of sub)scts 69)
COULATERAL CIRCULATION. Jnadequate* 1artery (3%}
Very smadequate 1 artery (3%}
For Very madeguate groups
Difference 37
SE.x2=12eg

Age and sex

Close comparisan of collateral cireulation at different ages ss not justifiable,
for the matersal does not include enough of the younger subjects, for the
<ommon femoral

SusgEcrs oveR 8o YEARS 21 artertes
Adeguate 10 arteries
Ingdequote 51 arteries
Sumgrcrs UNDER 6o YEARS 12 arteries
Adequate 8 arteries

Inadequate 4 arteries

This point may be of some chatcal importance, but further study 1s needed
for ats elucrdation,
There was ne significant difference 1n arterial coltaterals 1n the two sexes,
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ARTERIAL EMBOLISM IN THE LIMBS

TABLE 44
Upper brachial artery—grade of collateral circulation
Summary of results of 17 experiments (34 arterres)

Grade of collateral ' Number of Percentage of
ctrculation shown arteries all arteries
V(" Very good "y \ 13
I ¢ Good’) | i
Ml ¢ Far®) 3
:
¢ Adequate ; 33 9%
IV (*Poor ") —
Vo (Mmimal ) 1
VI Ny —
* Inadequate ' ' 3%
,
* Very inadequate > ' ' 1%
.
TABLE 4§
Lower brachial artery—grade of coll ! crreul

Summary of results of 17 experiments (21 arteries)

Grade of collateral Number of Percentage of
circulation shown arteries all arteries
1 (* Very good ') 12
I ( Good") N
WM ¢ Faur’) .
* Adequate ' ‘ 20 5%
IV (*Poor’) —
V(¢ Mimmal’) '
VI ¢ Nl —
* Inadequate * ' %
* Very Inadequate * : % |




ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

Comparison of collateral circulation in different groups

In recording the results of the experiments, six grades of collateral circula-
tion were distinguished, but when comparmg the findings in different subjects
it would not be right to lay great stress upon finer degrees of difference. The
results have therefore been collected into three main groups:

Adequate collaterals: Grades I, II and IIf
Inadeguate collaterals, Grades IV, V and VI
Very inadequate collaterals+ Grades V and VI

In Tables 42, 43, 44 and 4§ the findings at each of the four anatomical
regions studied are classified according to this system,

Comparison between upper and lower limbs

Comparing common femoral and upper brachual arteries:
COMMON FEMORAL 79 arteries (average age of subjects 72-6)

COLLATERAL CIRCULATION- [nadequate - 37 arteries (47%,)
Very inadequate 32 arteries (40%,)

UPPER BRACHIAL 34 arteries (average age of subjects 69)
COLLATERAL CIRCULATION: [nadequate rartery  (3%)
Very inadequate. 1t artery  (3%)
For Very madequate groups.
Difference. 37
SE.x2=12%

Age and sex

Close comparison of collateral circulation at different ages 1s not justifiable,
for the material does not include enough of the younger subjects; for the
common femoral

SUBJECTS OVER 80 YEARS 21 artertes
Adequate 10 arteries
Inadequate 11 artenies
SUBJECTS UNDER 60 YEARS 12 arteries
Adequate 8 arteres

Inadequate 4 arterles
This pomnt may be of some clinical importance, but further study 15 needed
for its elucidation
There was no significant difference in arteral collaterals in the two sexes.
19



ARTERIAL EMBOLISM IN THE LIMBS

Effect of arteriosclerosis

In a number of subjects the arteriograms showed evidence of arteriosclerotic
mtimal changes. These appear as irregularity or narrowing of the outlnes of
the arterial trunks and occasionally segmental occlusion  Inan attempt to deter-
mine whether this type of chronic arterial disease has any influence on the grades
of collateral circulation demonstrated, the arteriograms have been classified
according to the degree of intimal change shown 1n the femoro-popliteal trunk,
Four degrees were distinguished:

1. Nif No recognisable intimal ieregularity.

2. Shght Irregularities without appreciable narrowing.
3 Moderate  Considerable narrowing of the arterial trunk.
4 Sesere Segmental acclusion at one or more pomts.

In the total of 40 experiments on lower lmbs the findings were as follows:

Degree of intimal
arteriosclerouc change Number of subjects
Nl 3,
Shight 2[} 4
Moderate 9}
16
Serere 7

Of the 7 subjects which showed segmental occlusion, 6 had it in the lowest
part of the superficial femoral artery or the poplitcal, 5 of them on one side
only and 1 on both sides  There was only one subject in which the accluded
segment reached the upper part of the superficial femoral (R ), and this is the
experiment 1 which 1t 1s possible that the collateral system of the common
femoral may have been affected (Expermment 39, female subject aged 72 years
Collateral circulation of common femoral, L Grade I, R: Grade II).

To assess the possible effect of mtimal arteriosclerosis on the results of the
experiments, 24 subjects 1n the first two categories (‘Nil” and *Shght’ muma}
change) are compared with 16 subjects in the last two categories (‘Modemte.
and * Severe ’ intimal changc)‘ The results of this comparison are shown in
Table 46, and this shows no significant difference in the results of the two groups.

(It 1s possible nevertheless that chronic obliterative arternal disease may
influence collateral circulation in the lwving limb when there 15 an embolic
occlusion  The present study gives no information on this pomnt )

Symmetry of arterial collaterals

The grade of collateral circulation demonstrated showed striking symmetry
in the great majority of the experiments  In the case of the common femor‘nl
s with bilateral mnjection included only a single example in

subject
anery, 39 ! inadequate * on

which collateral circulatton was * adequate * on one side and *
120



ANATOMICAL VARIATIONS IN ARTERIAL COLLATERALS

TABLE 46
Arteriosclerotic mntimal disease

Effect on collateral eirculation
Common femoral arterv

Degree of Number | Nutmber | (o teral exrculation
arteriosclerotic of ot
v wbyects | artomes Garercs)
‘ , ‘ Adequate’ 23
Slight * or * Nil® % |
| ! | adequate* 24 (519
!
* Adequate 19
* Moderate * or “Severe® | 16 32

‘Inadequate 13 (40%)

(SE x2=1216)

the other (Experiment g3, see Schedule 1). Applying the six standard grades,
the two sides fell into the same grade 1 26 subjects and into adjacent grades
12 subjects (Schedule 1).

Influence of injection pressure
Some of the injections were made at a pressure of 235 mm mercury and

some at 325 mm (p. 100) A comparison can be made between the results
obtaned with the common femoral artery in the two series:

42 common femoral injections at 235 mm Hg.

CoLLATERALS adequate 23 arteries  (55%)

COLLATERALS 1nadequate 24 arteries  (45%,)
37 common femoral injections at 325 mm Hg

COLLATERALS adequate 19 arteries  (51%)

COLIATERALS inadequate 18 artertes  (49%,)

There 15 no sigmificant difference between these two groups of experiments.

ConcLusions
The anatomical study showed considerable vamation 1n the degree of
anatomical develop of artenal coll Is 1n different persons, especially in
lower limbs,
In the collateral field of the common femoral artery, deficiency of anasto-
moses was found 1 a considerable proportion of subjects. In the collateral
fields of the brachial and pophiteal artertes deficiencies were rare

. The 1 develop of arterial coll [s is symmetrical in most
subjects,
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X

Arterial Spasm in Embolism
of the Limbs

Introduction

In certain conditions, a state of continuous spasmodic contraction may
appear in a limb artery, lasting for a long period and sometimes resulting in
gangrene of the limb, The best example of this 1s traumatic artertospasm, which
15 occasionally scen when an artery has been contused by a fractured bone or
when a missile has passed close to the vessel (Kuttner (1920), Montgomery and
Ireland (1935), Gnffiths (1940), Cohen (1941) ). In such cases an intense con-
tinuous spasmadic contraction of the vessel may be directly observed at opera-
tion. It usually extends for a considerable distance along the artery, proumally
as well as distally from the point of mjury and it sometimes insolves many
branches of the main trunk, causing the most profound ischaemia. Kinmonth
(1952) showed that 1t 1s a locally induced lar spasm, not dependent upon
any spinal reflex mechanism, and that the most effective treatment 1s local
application of a solution of papaverme to the contracted vessel Intravenous

njection of the drug 15 without effect.

Arterial spasm, usually less intense 10 degree, is accasonally seen in associa-
tion with thrombo-phlebitis of the adjacent deep veins. It may produce acute
1schaemic signs, but 1s rarely so severe as to cause gangrene (Pallin (1929),
Trémolitres and Veran (1929), Laven (1934), Uggeri and Massone (1938) )-
Case No g7 was an example of this condition, which 15 thought to be caused by
irritation of the adventitial nervous plexus of the artery by an inflammatory
Pprocess m the adjacent vein.

During the past thirty years, many authors have put forward the theory that
a condition of arterial spasm may be set up by impaction of an embolus and that
this spasm aggravates the 1schaemua by constricting collateral channels, This
theory has been widely accepted, as the following quotations show:

In this case also, a continuous state of spasm is set up m the vessel wall Not
only 15 this shown by the dlinical signs but 1t has often been directly observed dunng.

the operation of embolectomy. Peiser (1932)
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ARTERIAL SPASM IN EMBOLISM OF THE LIMBS

It has long been known that the artery in the neighbourhood of an embolus 1s
spasmoducally contracted ... The vascular tube round the embolus may be nar-
rowed by persistent spasm for a distance of up to 8-10 cm Denk (1934)

‘What are the relative effects of these factors m deciding the result of an embohic
accident? Is the pure hydraulic effect of the occlusion more mmportant than the vaso-
motor effect? The anatomical and clinical data now allow us to say that the latter 1s
the more important, Hatmovicr (1937)

It must be remembered, however, that the deficient circulation is only partly
due to the plug 1n the major artery and that a concomitant masstve vasoconstriction, 1nvols-
ing the obstructed artery distal to the plug and the avalable collateral pathways,
greatly aggravates the 1mpairment of the circulation and may give a false impression
of the height of the obstruction De Takats (1942)

As a matter of fact, cases of acute embolic occlusion are not infrequently seen
which open and develop an effective collateral circulation without any therapeutic
assistance.  Many more would respond m a similar manner were 1t not for the fact
that when an embolus suddenly occludes a penipheral artery, the arterial bed m that
extremuty and sometimes 1n the opposite extremuty as well 15 thrown into a greater
or lesser degree of spasm 1 have seen 1nstances m which a mmute embolus lodged
m the peniphery of a leg has gwven mise to bilateral vasospasm of such magnitude that
an organic occlusion of the bifurcation of the abdominal aorta was simulated

Atlas (1942)

The artery immediately peripheral to the occlusion 1s always 1n spasm by the
time direct observation of the vessel 1s possible Sometimes small peripheral
h

embol imitiate d tic ph which d
P ); PP

P Y

Reyrnolds and Jurka (1944)

. the 1! ffi , the reduction of blood-flow distally, that 1s to
say the vasoconstriction in the network of collaterals  The more spasm there 15 1n
the collateral network the more stasis will result and the more easily thrombosis will
occur. Lertche (1947)

- - the vasoconstrictor reflexes set up by an embolism are more injursous than
the effects of 1ts occlusion of the mam arterial trunk Leriche (1947)

When the embolus lodges, spasm accurs 1n all cases and affects not only the vessel
molved, but the coflateral circulation  This spasm 15 Nature's protective mech-
amsm to aid 1n emptying the blood vessel distal to the embolus so that the vessel will
not be thrombosed ~ This keeps the vessel available for the circulation to be re-
established to 1t through the accessory vessels Pratt (1949)

In embolic occlusion, when arteriospasm occurs proximal to the site of the occlu-
s1on and imvolves smaller collateral arteries, 1t may be of such magmtude that 1t com-
pletely overshadows the organtc occlusion itself  Such spasm may seriously interfere
with determining the site of the obstructing embolus. Holden (1952)
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In cases of arterral embolism 1n which the pain has begun abruptly, we have always
been disatisfied with the explanation that the occlusion of the artery by a clot is the
cause  The probability that arterial spasm is responsible for the pain in emboltsm,
cither directly or as a result of the ischemia 1t produces, is so logical and fits so well
with recorded obsersations regard ng suddenness of onset, severity and the difficulty of
localising the pain that we behieve there s a direct cause and effect relationship.

Allen, Barker and Hines (1955)

All cases of sudden arterial occlusion have one common factor, namely, inter-
ruption of the continuity of the arterual lumen  This is not, howeser, the major cause
of ischemna for only minimal 1schemia may be praduced when a peripheral artery is
compressed or ligated  In many nstances, particularly when pain is sudden or severe,
it appears that artenal spasm 1s present. Alfen, Barker and Hines {1955)

The theory that an embolus which obstructs the main artery of a 1 mb also
excites a state of active vasoconstriction 1n the collateral vessels upon which
survnal of the limb depends implies an * antr-adaptive  reaction, which would
aggravate the effects of the embolic occlusion.  Anti-adaptive reactions are not
unknown in human pathology, though most of them are exaggerations or per-
versions of reactions which are in their essential nature adaptive or protective.
Certam artempts have been made to represent arterial spasm as having some
protective function, Pratt, mn the passage quoted above, thought that spasm
might help to prevent consecutive thrombosis in the artersal trunk distal to the
embolus and so . keep 1t available for the circulation to be re-established to
it’. Reynolds and Jirka (1944) thought that * . such a spasm may be con-
sidered beneficial when, for instance, an embolus lodges at the femoral bifurca-
tion and is thereby prevented from mugrating to the popliteal region’ This
assumes that migration from the femoral to the pophiteal would increase the
threat to the hmb, but the experience of this study does not support such an
assumption (Chapter VII[}  Petser (1932) held the contrary view that artensal
spasm is harmful because 1t might prevent distal migration of the embolus

In any case, hypotheses such as those of Pratt or Reynolds and Jirka could
apply only to spasm of the main arterial trunk. Spasm of collateral vessels could
have no other effect than to aggravate the ischaera and could farrly be called an
anti-adaptive reaction. It would not be proper to reject the theory of embolic
arteriospasm on purely teleological grounds, yet a certain scepticism 15 not out
of place, and +alid evidence of arteriospasm must be required before the theory
could be accepted. )

Pickering (1951), in a critical examination of current conceptions of
arterial spasm, concluded that *.. . the 1dea is entertamned too frcc)y'and un-
critically in current thought and writing ’. He pointed out that in many instances
ttributed to arterial spasm were susceptible of other explanations,

henomena al ¢
End 1n the case of arteral embolism he drew attention to the possibility of
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embolic mgration (Chapter VII) Richards (1954) considered that some of the
clinical phenomena he had observed in connection with imb embolism must be
due to arterial spasm, either reflex or myogenic, but he thought that ‘. .in
most cases the so-called arternal spasm bas a simpler explanation’  Jepson
(1955) thought that severe and persistent arterial spasm following the impaction
of an embolus ¢ ., must be uncommon, and the decrease 1n artenal diameter
distal to the occlusion 15 probably more often due to lowering of arterial pres-
sure’,

The evidence upon which the theory of embolic arteriospasm has been
based will therefore be critically examined, with the guiding principle that
arterial spasm should not be accepted as an explanation of clinical or experi-
mental observations 1f any other explanation 1s equally possible

EVIDENCE FOR ARTERIAL S$PASM IN EMBOLISM

The evidence which has been put forward i support of the theory of em-
bolic arteriospasm can be classified under the following headings

1. Clinical observations
(a) Established states of arterial spasm
(b) Companson with the effects of arterual ligation.
(c) Observations at operations on arteries
(d) Clinical evolution of symptoms and signs i embolism
(¢) Extent of the 1schaemic signs in imb cmbolism
(J') Embolic migration
{(g) Character and site of pamn 1n ltmb embolism
(h) Effect of sympathetic ganglion block and vasodilator drugs.
(1) ‘ Pseudo-embolism '
() Pulse deficiencies proximal to site of embolic impaction.

»

. Experimental observations
(k) Experimental embolism
(I) Lagation experiments on amimal arteries
{(m) Distension expenments on animal arteres

The evidence under each of these headings will be considered 1n turn.

1 CLINICAL OBSERVATIONS
(a) Established states of arterial spasm
Arteral spasm can occur from trauma and also 1 associatton with thrombo-
phiebitis  This 1s not evidence that 1t can occur 1n embolism, but 1t does show
that arterial spasm 15 possible  In traumatic spasm the contraction of the vessel
Z\texlmlds for a long distance, proximally from the pomt of mnjury as well as
istally,
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(b) Comparison with the cffects of arterial ligation

Many authors have stated that the 1schaemic effects of arterial ligation are
less severe than those of embolic occlusion. Key (1936) thought that the
incidence of gangrene after embolism was much greater than after ligation. (He
did not attribute this to artersal spasm but to consecutive thrombosis.) Allen,
Barker and Hines, in the passage already quoted, considered that in embolism,
arterial spasm must often be an mmportant factor in the causation of ischaemia
‘... for only minimal ischemia may be produced when a peripheral artery 15
compressed or ligated *.

This reasoning cannot be accepted without closer examination. In the first
place, ligation of a normal artery 1n a normal human limb must be a very rare
procedure. Ligation has been performed for mjuries to arteries, especially war
wounds, and i these cases there 1s often injury to collaterals as well as the main
trunk  This factor would operate to the disadvantage of ligation i a com-
parison with embolism. (It probably explains, 1 part, the high mnardence of
gangrene after ligation of the popliteal artery. See below.) On the other hand
ligation has also been performed for chronic arterial disease such as aneurysm
and 1 cases of this type there may have been extensive prior development of
collaterals, so that ligation of the mam trunk carries hitle risk.

Certain anatomical considerations must also be borne in mind  For
example, higation of the common femoral may leave intact the common femoral
bifurcation, which will provide a return pathway to the main trunk through the
collateral system of the deep femoral ~Embolism of the femoral will usually
occlude the mouth of the deep femoral and so block this return pathway

Enough has been said to mdicate the need for caution in comparing the
effects of ligation and embolism, but there is a more weighty argument. The
primary assumption that arterial ligation carries a smaller nsk than embolism
must 1tself be doubted It 15 certainly not the case with the popliteal artery.
Popliteal embolism rarely results in gangrene and its 1schaemic effects are often
trivial (Chapter VIII). Ligation of the popliteal carries a high risk of gangrene
(see below) In the case of other arternal trunks also there is good reason to
contest the assertion that surgical hgation is a relatively harmless procedure
Figures of the wcidence of gangrene following ligation of limb artertes have
been given by Wolff (1908), Makins (1919) and Herdrich (1921), and these
figures are summarised 1n Table 47. Further figures, based on surgical experi-
ence 1n World War Il are given by De Bakey and Simeone (1946), and these are
summarised 1n Table 48.

The figures given by these various authors show some differences, bl‘xt they
give no basis for the assumption that the ischaemic effects of arterial higation are
commonly slight. The local results of embolism at sarious sites, according to
the experience of this study, are summarised in Table 49.
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TarLe 47
Inctdence of gangrene after artersal ligation
(After Wolff (1908), Herdrich (1921) and Makins (1919) )

Site of Proportion of cases developing gangrene

artersal

higanon Wolf | Hadnc s Makans
Subclivian 439 | 97% ‘ —
Axillasy 98 —
Upper Trmbs 78 59 ] -
Aorta — ) 1000 ! —
Common 1liac f00 1000 —
External 1hiac 112 134 16 67,
Common femoral 2570 218 2579
Superficial |
femoral 2y 04 wr
Popliteal 149 s 372 { 32§
Lower himbs 204 200 r —

TABLE 48

Ligation of arterses for war njurics

Ancidence of gangrene
(After De Bakey and Simeone (1946} )

Loss of lunb
Artery ligated | Number of )
cases Number o

Yo
Common iliac 1 J B 538
Femoral 517 175 532
Popliteal §o1 364 , 716
Axillary 74 32 432

\

Brachial 6a1 | 159 \ 16 g
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TABLE 49
Incidence of gangrene in embolism—this study

Gangrene of digits or more—primary and terminal
(Indetermnate cases excluded)

Site of J Number of f Incidence of gangrene
embolism medents | Cober o
Anillary | o | 2 20
Brachial 1 1 o o
Common thiac " 25 " “
Common femoral 15 5 26
Ll’ophteal I 2 ( 3 I

No doubt the incidence of gangrene following ligation for gun-shot wounds
15 much higher than could be accounted for by simple occlusion of the mam
arterial trunk, for these wounds are often complex, with damage to collaterals
as well as the main trunk and much complicating sepsts. However, the incid-
ence of gangrene in hospital cases of embolism (Table 49), 15 also much higher than
the overall incidence, for as was shown in Chapter NI there are many cases
of embolism which never come under observation at all and all recover spon-
taneously  Taking all these facts into consideration, the assertion that ar-
terial ligation carries a much lower risk of gangrene than embolism cannot be
sustained

A compartson with the results of surgical ligation does not therefore Juserfy
any assumptions as to the occurrence of arterial spasm in embelism

(c) Observations at operations on arteries

The most frequently reiterated argument for arterial spasm is the observa-
tion made by many surgeons at operation that the artery distal to an embolus 15
always greatly narrowed  This has often been interpreted as a state of spasmodic
contraction (e.g by Perser and by Denk mn the passages already quoted). How-
ever, an artery must adapt 1ts diameter to the pressure and volume of its con-
taned blood, and these will obviously be reduced immediately distal to an
occlusion  This 1s now recogmsed by a number of authors (e.g. Richards (1954)s
Jepson (1955) ). Even when narrowing is seen to extend proximally from the
embolus, there 15 one further condition which must be satisfied before the con-
clusion can be drawn that the narrowing is due to active spasm  Jt must be proved
that there 15 no separate occluston of the arterral trunk higher up in the mb Thts
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requirement is not merely academic, for multiple embolism 1n a single limb 15
not uncommon. Twenty examples were obseryed 1n the present study

In some of the reported cases of supposed * proximal arterial spasm ’, this
possibility has not been excluded Burt, Learmonth and Richards (1952)
reported a case of apparent spasm in the popliteal artery, thought to result from
an embolism of one of jts distal branches A man of ¢6 years with mitral stenosis
and auricular fbrillation had acute ischaemic symptoms m both lower Limbs,
more severe in the left and accompanied at the onset by transient lumbar pain.
The pain 1 the right leg subsided 1n 30 minutes, and 3 hours after onset the left
femoral pulse was absent and the right present. Six hours after onset, signs of
ischaemic muscle damage were apparent 1n the left calf  ft was concluded that
a small embolus had lodged in the left popliteal artery and this was explored. It
was ¢, ., found to be patent but not pulsating. When 1t was opened, blood
flowed from the incision—at first dark and sluggish but soon a brisk non-pulsatile
stream of bright red blood *.  Exploration of the popliteal artery and the proxamal
parts of the antertor and posterior tibuls revealed no embolus and the inciston
was closed. The patient recovered from the ischiemic episode and dred 6
months later. * At autopsy, the aortic brfurcation was not occluded, unfor-
tunately the v essels of the low er Iimb were not examned’. The conclusionthatthe
symptoms w ere due to spasmset up by a small embolus below the knee does not seem
Justified. Nosuch embolus was demonstrated and the iliac trunks do not seem tohave
been examined. The course of events could be explamned by an embolus which
lodged temporanly at the aortic bifurcation and then moved down iato the thac or
femoral. {Indeed, according to the writer’s experience the development of acute
ischaemic muscle damage 1n the calf pomts to a relattvely high occluston )

Atlas (1942) reported the case of a woman of 36 years, suffering from mitra}
stenosis with auricular fibrllation, who had acute 1schaemic syndrome of the
right lower mb  The popliteal and both foot pulses were absent, while the
femoral pulse at the gromn was *excellent” A diagnosis of embolism of the
Ppophiteal artery was made and this vessel was explored it was found to be © .
markedly constricted, its diameter measuring only § inch. ', and pulsating
very fecbl)’, but 1t contained no thrombus  The artery was left mtact and the
wound closed. The limb made ',  an excellent anatomical and functional
recovery ’, but the report does not state whether there was any return of the
suppressed pulses.  Atlas’ inference that this was a case of prosimal spasm from
embolism of the popliteal artery 15 surely not vahd A much more probable
evplanation 1s that 1t was a case of femoral embolism and that the exploration,
made distal to the occlusion, resealed the usual collapsed vessel.

Objections of this sort can be made to many other cases similarly inter-
preted, for example those of Akesson (1937) and Seifert (1931). (Seifert’s case
has been quoted by ather writers as an instance of artersal spasm, though he did
not humself interpret 1t in this way )
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Delay in return of pulses after embolectomy has been regarded as evidence
of arterial spasm (Richards (1954) ). This may well be correct, but as the arterfal
wall in such cases has been injured by arteriotomy any spasm which occurs may
be traumatic.

When critically examined with these considerations in mind, much of the
evidence provided by observations at operation can therefore be called in
question.

(d) Clinical evolution of ischaemic symptoms and signs

Some authors (¢ g. Leriche) have suggested that the intense pallor often seen
1n a limb soon after embolism is itself evidence of active spasmodic constriction
of the arterial system and that when the pallor is replaced by cyanosis this means
that the spasm has relaxed. This assumption is not justified. If the blood supply
of a imb be suddenly cut off by occluston of the main arteral trunk, the fall of
blood-pressure 1n the arterioles must inevitably result in pallor of the skin. The
same phenomenon 1s scen in the face during a syncopal attack, when the blood-
pressure suddenly falls as a result of cardiac slowing. The collateral arteries
must dilate by relaxatron of thert normal sympathetic vasomotor tone before the
collateral circulation can develop fully and produce some colour m the Iimb. If
collateral circulation remains radequate, pallor will persist in the extremity of
the limb.

Varaation in severity of the 1schaemia from embolism of the same artery n
different patients has been mterpreted as due to variation in the mtensity of
arternal spasm (e g. by Atlas, quoted above). This assumes that the number and
size of arterial collaterals must be similar mn all persons, but the evidence pre-
sented 1 Chapter IX does not support the assumption. The anatomcal varia-
tions 1n arterial collaterals could explain varying degrees of ischaemia.

In Chapter IIl 1t was shown that many cases of hmb embolism recover
rapidly without treatment. Ths fact in 1tself conflicts with the view that serious
arterzal spasm 1s common

Richards (1954) pointed out that the presence of an old embolism in 2 hmb
may mitigate the effects of a subsequent embohsm- It therefore appears that
the presence of a previous arteral occlusion helps to protect the limb from the
effects of an acute ischaemia produced by a more proximal obstruction.’ This
statement is perhaps a little too sweeping  The effect probably depends upon
the anatomical relation between the two occlusions and there are some cases
in which a prior embolism may aggravate the cffects of a subsequent one (eg
Cases Nos. 69 (R upper mb) and 76). However, there are undoubtedly cases
in which the protective effect occurs, ¢.g. Case No. go. This patient reco.vered
well from the effects of an embolism of the left common iliac artery, Sixteen
months later she had embolism of the aorta and on this occasion ‘the effects m
the previously embolised left limb were trival but in the right limb gangrene
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rapidly ensued The survival of the left limb was probably due to the degree of
development of its collateral arteries, stimulated by the earlter occlusion, If the
grave tschaemia in the right hmb had been in any way due to arterial spasm, the
left hmb could hardly have escaped its effects in this way, for the embolus was
in the aorta and arterial spasm, if present, should have affected both limbs. The
man difference between the two limbs appears to have been anatomical and this
was reflected m ther respective fates,

None of the phenomena mentioned in this section affords any real evidence
of arterial spasm

(e) Extent of the ischaemic signs in limb embolism

De Takats (1942) and Holden (1952), already quoted, stated that the
extent of the 1schaemia 1n limb embolism may be so great as to give a false impres-
sion of the height of the obstruction  Leriche {1947) made a similar assertion:

This vasoconstriction extends both distally and proximally, at least in many cases.
It 15 not uncommon to find the whole limb livid and pale when the embolism s, for
example, m the regton of Hunter’s canal Thus the vasoconstriction 1s widespread
and complete

Other surgeons, e g. Perman (1927), have stated on the contrary that the
proximal limit of the 1schaemic signs 15 usually a good deal distal to the point of
occlusion  Haimoviar (1937) also stressed this principle and quoted a number
of authors whose experience concurred (Petitpierre (1928), Sencert (1923),
Key (r922), Bull (1921))

The extent of 1schaemic skin signs, 1 ¢, colour change (pallor or cyanosis)
and objective coldness, was recorded mn a humber of anatomcally verified em-
bolic occlusions, all seen within 24 hours of onset. The findings confirm the
view of Perman rather than that expressed by De Takats, by Holden and by
Leriche  They are shown in Table 5o and in Fag, 23, and there was not a single
mstance 1n which the ischaemic signs extended to a level as high as the site of
the embolus

The usual extent of ischaemic signs in the writer’s experience therefore
serves as evidence agamnst artenal spasm rather than n favour of 1t.

(f) Embolic migration

An embolus 15 sometimes observed to lodge for a time in a large artery
and then to move mnto a more distal vessel. This has been interpreted by Leriche
as evidence that the embolus 15 at first held by spasmodic contraction, excited
by 1ts impact n the artery, and that after an interval this spasm relaxes and
allows the embolus to move further.

In the present study this phenomenon was observed on three occastons only
and 1 every case the rmigration was from the lower aorta into the common iliac
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TABLE §o
Level of upper Itmut of ischacmic skin signs

19 cases of lower Jumb embolism all anatomtcally verified
{Observed vathin 24 hours of onset)

Stte of Position of upper limit Number of
embolism of 1schaemic signs cases
Above snguinal ligament -~
Between 1ingumal higament and
mid-thigh 2
Common illac
(8 cases) Between mid-thigh and knee 4
Between knee and ankle 2
Total 8
Above knee —
Common femoral Between knee and anlle 4
(7 cuses) Not above ankle 3
Total 7
Above mid-tibia 2
Popliteal Between mid-tibia and ankle '
(4 cases) Below ankle :

i Total 4

(The actual levels observed in these 19 cases are represented diagrammatically
mFg 23)

artery (Cases Nos 7, 8, 65). (There was one other case in which a sumilar
migration probably occurred before the patient was admitted to hosputal (Case
No. 21).) The fact that migration occurs manly in the largest of the Irmb arteries
suggests that 1t may be due merely to a process of moulding. Many arterial
emboli are thrombi of very recent formation, quite soft in consistency (Chapter
V), and under the impact of the powerful aortic pulsation a soft thrombus might
be gradually forced from the aorta mnto the common 1hiac artery. Indeed, \.\hen
an embolised artery 15 exposed at operation, the embolus 1s sometimes \.’lslblt;
through the artersal wall, moving slightly like a piston with each Pu]sat.wn o

the vessel (Cases Nos 7 and 8). Further, the development of collateral clrcul.«ll}
tion, by increasing blood-flow into the mamn trunk beyond the occluston, wi
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FiG 13 Fuent of sschaemic signs in foner lunb embolism  The dragram shows the
Tevels of the upper hmu of sschaemic skin signs (pallor, cyanosis or objective
coldness) in 19 cases of lower limb embolism, all scen within 24 hours of onset,
all anatormically verified

1 8 cases of embolism of the common 1hac artery

11 7 cases of embolism of the common femoral artery

Tl 4 cases of embolism of the popliteal artery

‘The numbees indicated are those of the case records in the Appendix. Where

a letter (A, B or C) follows the number, this ndicates one meident of hmb
embolism 1 a patient who had multiple meidents.  (See p. 131 )
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TaBte 5o
Level of upper Iimut of 15chaemic skin signs

19 cases of lower imb embolism all anatomically senfied
(Observed withun 24 hours of onset)

Site of [ Position of upper himut Number of
embolism | of ischaemic signs cases
Above inguinal ligament —
Between ingutnal ligament and
mid-thigh 2
Common ihac |
(& cases) Between mid-thigh and knee 4
Between knee and ankle ! 2
Toual ’ s
Abave knee —_
Common femoral Between hnee and ankle 4
(3 cases) Not above ankle 3
Total { 7
Above mid-tibia 2
Pophiteal Between md-tibia and ankle '
(4 cases) Below ankle .
Total 4

(The actual levels observed in these g cases are represented disgrammatically
mbig 23.)
S

artery (Cases Nos. 7, 8, 65). (There was one other case in which a simifar
migration probably occurred before the patient was admitted to hospital (Case
No. 21).) The fact that migration occurs mainly in the largest of the limb arten'rs
suggests that 1t may be due merely to a process of moulding. Many arterial
emboli are thrombs of very recent formation, quite soft in consistency (Chapter
V), and under the impact of the powerful aortic pulsation a soft thrombus might
be gradually forced from the aorta into the common 1liac artery. In'decd, \'\.hcn
an embolised artery is exposed at operation, the embolus js sometimes Ymble
through the arterial wall, moving slightly like a piston with each puTsat.mn of
the vessel (Cases Nos. 7 and 8), Further, the development of collateral curcul'a;
tion, by increasing blood-flow into the main trunk beyond the occlusion, wil
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TABLE 51
Incidence, site and timing of pain m pertpheral embolism
118 embolic incidents (* pseudo embolism * excluded)
History of transient pam at or about site of embolus, suc-

ceeded by more distal pam 1o waidents

History of transtent pain at or about site of embolus, without

any distal pan 1 mcident
History of distal pain only 6 incidents
All incadents with history of pain: 67 incidents
No pamn at any time ta mcdents
No formation as to pain 41 madents

Total 118 wcidents

mncidents giving a history of pain there were only 11 mstances of ‘ artersal pan ’,
These were m g instances of aortic embolism, 5 of 1liac embolism and one of
aullary embolism. From this expertence 1t would appear that * arterial pain
15 relatnvely uncommon and that 1t occurs 1 embolism of the largest artersal
trunks, particularly the aorta and the common tlac  These arteries have one
character in common which distinguishes them from more dustal arteries of the
limbs  they all supply branches to some part of the torso as well as to the limb.
Occlusion of such branches by an embolus in the parent trunk mught produce
ischaemic pamn 1n sites other than the periphery of the limb.

The 1nstances of * arterial pain * recorded 1n this study were almost all fleet-
g in character, and if they be evidence of arterial spasm then they indicate that
this 15 uncommon and transient  In aortic embolism the ‘arterial pam’ 1s
usually felt in the lower abdomen or the lumbar region. It may well be 1schaemic
pain, caused by occlusion of certain branches of the lower aorta, e g the wferior
mesenteric, and there 1s no certanty that 1t really is arternal pan,  In the wniter's
experience, Intensity and extent of pain i hmb embolism are related mamly to
the grawity of the 1schaemia

It must be concluded that the character and site of the pain 1n imb embolism
do not form any very sound basis for the theory of embohc arteriospasm.

(h) Effect of sympathetic ganglion block and vasodilator drugs
Stricker and Orban (1930) showed that in dogs the massive gangrene of the
hind himbs produced by resection of the aortic bifurcation could be prevented
by prior lumbar sympathectomy ~ Leriche, Froment and Vachon (1934) treated
a case of femoral embolism by artertectomy, and on the day after operation they
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increase the diameter of this trunk again and so facilitate migration of the em-
bolus. (A similar phenomenon in experimental embolism, noted many years
ago by Ebbecke (1923), is discussed in Section (k) of this chapter.)

The occasionally observed mstances of embolic migration can therefore be
explained without mnsoking the effect of arterial spasm,

(g) Character and site of pain in limb embolism

Many authors have suggested that pain in limb embolism may be an expres-
sion of ‘arternal cramp ” or spasmodic contraction of the vessel at the site of
impaction of the embolus (Allen, Barker and Hines (1955), already quoted,
Leniche (1947), Graham (1937), Setfert (1931) ). Two types of pain have been
described. (1) an inital pain, localised to the site of impaction and usually tran-
sient, which we may term ‘ arterial pamn’, followed after an interval by (2) a
continuous pain situated within the area of ischaemic signs, which, as was con-
cluded 1n Section (c) of this chapter, is always distal to the site of the embolus.
This second type of pan may be termed * 1schaemic pam’  Allen, Barker and
Humes (1955), in the passage already quoted, thought that the initial pamn 15 caused
by arteral spasm. Lewis (1936) produced evidence to show that the pan in
embolism is usually confined to the more distal area of the ischaemic signs  In
Lewis’ view, the patn oniginates in muscle tissue, injured by the metaboltc effects
of a depleted circulation,

Lewss also pomted out that when the main artery of a resting human limb 15
obstructed by pressure, an interval of 30—¢0 munutes often elapses before the
onset of pam. If the Iimb 15 being exercised at the time of the arterial obstruc-
tron, the pain comes on more quickly.

These two considerations are of mmportance mn relation to the pam of
arterial embolism.  Farstly, as indicated in Sections (c) and (1) of this chapter
and as already discussed m Chapter VII, 1t 1s possible to be mistaken as to the
site of an embolus  When there is a major error of Jocalisation it 1s usually a
“ distal error °, 1 c. the embolus 15 thought to lie more distally than 1t actually
does. Reference of the site of a pam to the site of impaction of an embolus is
therefore liable to error, and pain which 1s regarded as arterial pain may in fact
somettmes be ischaemic pain.

Secondly, it cannot be assumed that the moment of onset of the pain coin-
cides with the moment of impaction of the embolus, and the assumption that
pain is * immediate * or * initial * pain may therefore be unfounded. For these
reasons, the conclusions of some writers about “ arterial pain * may well be fal-
lacious Howerer, there are some authors with much personal experience of
embolism who are of opinion that in some cases there is a true jnitial arternal
pain, excited at the site of impaction of the embolus (Richards (1954) ).'

The mcidence, site and tuming of pain 1n the embohc incidents of this study
have been analysed and the findings are shown in Table f1. Among 67 embolic
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established varieties of arteral spasm are associated with some lesion of the
arterial wall, either traumatic or infl Yy, and embol thrombosis or
haemarthage in the wall of an artery mught well act in a similar way.

Some observers have explained cases of pseudo-embolism by assuming that
a small embolus, lodging in one of the distal branches of 2 Iimb artery, has set
up a widespread state of artcrial spasm, extending proxmally along the main
trunk, into the collateral vessels and even into the arteries of the oppostte imb.
A case interpreted in this way by Burt, Learmonth and Richards has already been
mentioned, Atlas (1942) reported the case of a woman of 37 years, sufferng
from mitral stenosis with auricular fibrilation, who developed acute 1schaemic
syndrome, first in the left Jower Imb and 30 minutes later in the right  She
was examined soon afterwards and all pulses were found to be absent 1n both
Itmbs.  Following conserative treatment, all pulses returned mn the right Imb
within y2 hours and good pulses returned in the lefe femoral and popliteal
arteries within 2 weeks (presumably no pulses returned 1n the left foot)  Atlas
mterpreted this observation as a case of widespread bilateral arterial spasm
resulting from the impaction of an embolus at the left pophiteal bifurcation. The
patient died of cerebral embolism some months later, but there appears to have
been no autopsy and this interpretation was therefore not tested.

Unverified obserations of this sort afford no proof of embolic arteriospasm
The case may have been one of pseudo-embohism of the aortic bifurcation, but
there 1s no evidence to suggest that 1t was provoked by the left pophteal occlu-
sion, which could easily have been present for weeks or months  Without more
information no firm conclusions can be drawn as to the causation of this interest-
ing clinical observation,

There 1s no doubt of the reahty of the condition which, for want of a better
term, must be called ' pseudo-embolism ’, and 1t seems very likely that 1t s due
to arterial spasm  However, pseudo-embolism cannot be mvoked as evidence of
embolic arteniospasm, for by definition the characteristic feature 15 the abseace of
any embolus in the arterial lumen.

(i) Pulse deficiencies proximal to the site of an embolus

As mentioned m Section (c) of this chapter, cases have been described 1n
which arteral pulses were absent at poits considered to be proximal to the site
of the embolus, Some of these mstances are open to doubt because 1t has not
been proved by full exploration of the artertes exactly where the embolus or
embol were situated  Nevertheless, there are instances in which pulses may
be suppressed at some point proximal to the site of an embolus, and this would
$eem to point to the existence of arteral spasm, at least in the main trunk of the
vessel,

There were 40 embolic incidents sn which the site of the embolus was
anatomically verified and which were all seen within 7 days of onset, Analysis
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thought that novocamne infiltration of the lumbar sympathetic gangla produced
improvement in the ischaemic signs. Many of the French observers hold that
arternal embolism excites reflex vasospasm, mediated through the sympathetic
nerve supply of the imb, and that blocking of the sympathetic ganglia counter-
acts this jurious reflex. Any mmprovement in the 1schaemic signs observed
after this treatment has been held to confirm the presence of arterial spasm,

Denk (1934) described the results of treatment of limb embolism by intra-
venous injection of papaverine (‘ Eupavern’), given for its vasodilator effect.
In 2 number of cases he noted amelioration of the ischaemic signs soon after the
injections were begun. De Takats (1936) reported similar observations. This
improvement following the use of vasodilator drugs has also been regarded as
evidence of embolie arteriospasm:

I could magne no finer confirmation of the explanation of the acute 1schaemic
effects produced by embolism which I gave twenty years ago. Lersche (1947)

An 1improvement 1n 1schaemuc signs observed shortly after the admimistra-
t1on of vasodilator drugs (or any other treatment) cannot always be ascribed to
the treatment.  Simular improyement may sometimes be observed to occur spon-
taneously (especnally in cases examined very soon after onset), and many cases of
embolism gve a history of rapid improvement, occurring before the case comes
under observation. Claims made for various methods of treatment have not
always been tempered by an und ding of the possibilities of natural recovery.
Even In recent years some authors have stated that gangrene is almost mevitable
in untreated embolism of the larger hmb arteries (Leriche (1947), Handfield-
Jones and Porntt (r9¢1) ). Consequently, when improvement or recovery s
observed there 15 a tendency to attribute it to the treatment gren, though this
may nat always be justified.

However, even if improvement in 1schaemic signs is sometimes brought
about, for example by infiltration of the sympathetic gangha, this 15 not neces-
sarily evidence of any active state of artersal spasm  In a normal person, dermal
vasodilatation 1n the extrerity may follow blocking of the sympathetic gangha,
but this does not prove that the limb arteries were in a state of abnormal spasm
pefore the mjection. The effect 15 attributable to suppression of the normal
sympathetic vasoconstrictor tonie. The same explanation can be given for an
jmprovement mn circulation produced by similar means in an embolised limb.

(i) Pscudo-embolism (* fausse embolie”’)

Psendo-embolism has already been mentioned in Chapter VII. A condition
of arterial spasm seems to account for at least some of these cases, though the
mechamsm of its causation is obscure, Leriche thought it might be due to
micro-embolism in the adventitial vessels or the vasa vasorum. Most of the
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Fic 24 (Case o 78) Embolim of right superficuat femoral and left pop-
liteal arteries  Arteriography (intra-vitam, sbout two months after the
acute 1schacmic symptoms) Techmque 20 ml * Pyelosil 70%% ' injected into
abdommal aorea

On the left side the common femoral, superficial femoral and deep
femoral arteries are all visushised, on the right side the comman femoral
and deep femoral only  On the right side the embolus occluded the mouth
of the superfical femoral, on the left side 1t was steuated at the lower end
of the popliteal, which 15 not included in the photograph
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of these reveals two cases in which pulse deficiencies were observed at points
proximal to the site of the embolus. In both cases the site of the embolus was
precisely determined later at autopsy and a full examination was made of the
limb arteries, proving in each case that there was no additional occlusion,
complete or partial, hlghcr up in the hmb.

Case No 9 was a man of g5 years, suffering from bacterial endocardis,
who had embolism of the right common femoral artery. When he was examined
next day, the right femoral pulse at the groin, above the site of the embolus,
was defimitely weakened as compared with the left, though never completely
suppressed  (The embolus was a septic one and may therefore have exaited an
flammatory reaction in the wall of the artery.) The collateral circulation in
the affected limb remamned good for 7 days but deteriorated 3 days before death
(‘ terminal gangrene °).

Case No. 78 was a woman of 66 years, suﬂ"enng from auricular fibrillation,
who had embolism of the left popliteal artery. When she was first examined,
3 days after onset, both the femoral and popliteal pulses were absent on the left
side, but the tschaemic signs were only of moderate seserity and r.lpi("y sub-
sided. The femoral pulse returned 1o days and the pophteal pulse 18 days after
onset. Artertography 1o weeks later, when all 1schaemic signs had disappeared,
show ed patency and normal calibre of the arterial trunk down to the Jevel of the
upper popliteal (Fig 24), and the embolus (an aseptic one) was later proved at
autopsy to be at the bifurcation of the popliteal. The patient had a further

bolism after ad to hosprtal, 1n the night femoral, but on this occasion
there were no anomalous pulse deficiencies.

These two cases, and particularly Case 78, thus showed clinical evidence of
spasm 1n the affected arterial trunk, excited by an embolus and extending prost-
mally from its site of impaction. In both cases the ischaemic signs were mild
(though in Case 9 they became worse again 7 days later, just before death) and
the upper limit of the ischaemic signs was well distal to the actual site of the
embolus, If arteral spasm was present, which seems nescapable, it certanly
had little effect on collateral vessels.

A number of writers claim to have observed cases of embolism mn which
ischaemic signs and pulse deficiencies have not only extended up the lfmb
proximal to the site of the embolus, bur have also involved the opposite limb
(e.g- Atlas (1942); Burt, Learmonth and Richards (rgg2)). If the thret?
examples of embolic migration be excepted, no case was obsery ed in this study
in which ischaemic symptoms or signs in one limb have been proved to be due
to an embol Jusion in the opposite limb. In case No. 78, referred to aboves
an embolus at the left popliteal bifurcation seems to have produc.ed pulse defi-
ciencies (though not ischaemic signs) as far proximally as the groin, but 1t pl'ﬂ‘r
duced no effects on the opposite limb. In the writer’s view, thls. theory ©

¢ contralateral ischaemia® should not be accepted as an explanation of any
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sion of the main mesenteric artery its arterioles decreased very much in dis-
meter. This would seem to be an inevitable result of the fall in local blood-
pressure produced by the occlusion, but these authors interpreted the narrowing
as due to spasm  When the acclusion of the main mesenteric artery was released
the arteriolar narrowing persisted for some time and this was regarded as further
evidence of a state of spasm m the arterioles. However, n the experiments the
mesenteric artery was occluded by mechanical means and the possibility of injury
to the arterial wall does not seem to have been excluded  Any arterial spasm
observed may have been due to trauma.

Experiments of this kind have sometimes been quoted i discussions of
embolic arteriospasm, but they do not appear to have much relevance.

{m) Distension experiments on animal arteries

Malmejac and Haimovici (1935) carried out a series of experiments on the
effects of occlusion and distension of the iliac artery 1n dogs  They used a sac,
constructed from an excised segment of jugular vein and 1verted so as to present
its intimal surface externally The sac was mtroduced into the 1hiac artery, and
1t could be distended by injection of saline into 1ts wmterior through a tied-in
tube. The only surface 1n contact with the arternl mtima thus consisted of
venous endothelium, and this was considered to obwiate the factor of irritation
of the arterial intima by the ntroduction of foreign material

The aim of the experiments was to observe reflex vasomotor reactions
the distal part of the hmb when the ihiac artery was occluded or distended. In
order to avoid the effects of depletion of blood-flow 1nto the distal artenes when
the 1liac artery was occluded, recourse was had to the method of * patte 1rriguée *
(Delezenne (1897) ). The shac artery was severed and hgated distal to the
occluding sac and the whole of the tissues of the thigh, with the exception of
the three mam nervous trunks (sciatic, femoral and obturator) were completely
dwided. The circulation of the severed distal portion of the hmb was main-~
tamed by independent perfusion from the circulation of a second dog, the
femoral artery and vein being Joined to the carotid and internal jugular vessels
of the latter ammal  The severed limb, thus isolated from 1ts parent body
except for its three man nervous trunks, was enclosed in a plethysmograph for
study of the reflex vasomotor reactions produced by mamipulation of the sac
occluding the thac artery.

By the use of this method, a number of observations were made, chief
among them being the following.

(1) Slow and gentle occlusion of the 1hac artery, without distension, pro-
duced no vasomotor response in the vessels of the perfused limb.

(1) Distension of the iliac artery by steadily increasing the pressure in the
occluding sac, 1f violent (* brutale *), produced a slight and transient
vasoconstriction n the perfused himb
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clinical phenomena unless there has been 2 complete anatomical examination of
all the arteries of both limbs.

The two cases here described represent the sum total of clincal evidence
of embolic arteriospasm 1n the writer’s experience. In both of them the evd-
ence mdrcates that there was arterial spasm, but it was confined to the arterial
trunk and seemed to be quite innocuous.

2. EXPERIMENTAL OBSERVATIONS

(k) Experimental embolism

Ebbecke (1923) made experimental observations on artificial embolism in
frogs, using the method devised by Cohnheim (1872) Minute granules of was,
coloured with lamp-black, were injected into the arterral circulation and the
process of artertolar embolism was directly observed microscopically 1 the
vessels of the tongue It was noted that the granules were held temporarily m
the small vessels 1n which they became impacted, but that after an mnterval these
vessels appeared to relax and allow the granules to pass further. It 15 not stated
whether the arteriolar narrowing extended proximally from the mpacted
granules  Ebbecke’s observation 15 open to the same interpretation as that
given 1n Section (c) of this chapter for obserations at operation  The subse-
quent dilatation of the vessel, which allowed the granule to pass on, can be
explained by a rise in 1ts internal pressure due to inflow from collateral vessels,
perhaps aided by 1schaemic vasodilatation (Chapter XI—discussion on ‘ reactive
hyperaemua *).

Furthermore, the reaction of an artery to the introduction of a foreign sub-
stance, possibly irritating to 1ts intima, 15 not necessarily the same as 1ts reaction
to 1mpaction of a blood-clot.

(1) Ligation experiments on animal arteries

Mulvilill and Harvey (1931) ligated the external iliac artery n dogs and
found that this caused a temporary decrease in the surface temperature of the
corresponding paw. The return to normal temperature could be accelerated by
removal of the tributary sympathetic ganglta and the fall of temperature could be
altogether prevented 1f these ganglia were removed at the time of ligation of the
artery These authors concluded that re-establishment of circulation through
collateral arteries must be a vasomotor phenomenon. Some writers have argued
that if the collateral circulation is established by vasodilatation there must have
been a prior state of spasm 1n the collateral arteries  This assumption is not
necessary. The observations can be explaned by inhibition of the normal
sympathenc vasoconstrictor tone and do not necessanly indicate any state of
abnormal vasospasm.

Laufman, Martin and Tuell (1948) observed the vessels of the dog’s mesen-
tery by direct micro-photography of the arterioles. They noted that after occtu-
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Unless these objections can be satisfactonily answered, the experiments can-
nat be accepted as evidence of reflex vasoconstriction m human embolism.

Concrusions

t. The theory that embolism often sets up a state of active spasmodic con-
traction in the main trunk and branches of the occluded artery and in the col-
lateral arteries upon which the circulation of the limb depends should not be
accepted without convincing evidence

2, Most of the evidence, both chnical and experimental, on which the
theory has been based 1s open to serious objection.

3. QOccasional cases of embolism are seen in which there s chnical evidence
of spasm in the occluded main arterial trunk, but even in these cases there is no
evidence that such spasm involves the collateral arterses or aggrasates the
sschaemia.

4. It must be concluded that arterial spasm 1s not an important factor in the
genesis of ischaemra and that its role has been much exaggerated.
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(ii) ‘ Violent * intermittent distension of the iliac artery produced in the
perfused imb a vasoconstriction lasting as long as the * violence * was
maintained and ceasing soon after it was discontmued.

Malmejac and Haimovici concluded from these experiments that a stimulus
of intermittent distension of an arterial trunk could cause reflex vasoconstriction
in the distal ficld of ramification of the artery, mediated through spinal centres
and lumbar sympathetic system, and they inferred that embolism of the arterial
trunk mught act in a similar way  To this inference certain objections can be

made:

(i) In the expermment an intermttent distending pressure of * 25-30 cm of
mercury or even more ’ was required to produce distal vasoconstric-
tion tn the perfused limb. This is approximately double the normal
carotid blood-pressure of the dog  Though embolic ocelusion of 2
large arterial trunk may cause a moderate rise of blood-pressure
(Chapter VI) and does appear sometimes to mncrease the force of the
pulsation 1n the arterial segment proximal to the embolus, it does not
seem credible that it could produce any distending stimulus so violent
as that required mn the experiment

(11) The vasoconstriction recorded plethysmographically in the perfused Iimb
could have been produced purely i the small distal vessels and there
is no proof that the arternal trunk or its collaterals were imolied
This is not a purely hypothetical objection, for Kinmonth (1952)
showed that electrical stimulation of the femoral artery mn the rabbit
has no effect on the upper third of the artery but causes profound saso-
constrictron i the distal part. Kmmonth also showed that electrical
stumulation of the lumbar sympathetic chain had no effect on the upper
third of the femoral artery, though 1t did cause shrinking of the paw,
and that intravenous injection of adrenaline caused contraction only of
the lower part of the femoral artery, the upper part actually dilating
I response to the nse of general blood-pressure resulting from the
njection,  If embolism were to produce vasoconstriction i the dustat
field of ramification of the occluded artery, this would of course be
just as serious a factor in aggravating 1schaemia as constriction of the
proximal collateral vessels. However, Kinmonth’s observations were
made upon unoccluded arteries and they do not show what would
happen in a Iimb made 1schacmic by occlusion of its main artery. In
such a limb, the factor of 1schaemic vascular relaxation (Chapter Xn
might well modify these reactions. The same considerations must
apply to the vasoconstriction observed i the experiments of Malmejac

and Haimovici.
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XI

The Genesis of Ischaemia in Embolism

SOME PHYSICAL PRINCIPLES

Some of the physical principles governing the flow of a hquid through an
elongated branching system of tubes can be empirically illustrated by a simple
model  One 15 shown diagrammatically in Fig. 25.

The model was constructed of rubber tubing with glass connections. water
being allowed to flow through the system from a supply reservoir. The large
side-branch * M ' represented the general circulation and the flow through this
was controlled by a screw-clamp.  The rest of the system represented the
artersal system of a limb, with the main trunk * T *, four collaterals * ¢ G,
“Cy’,  Cy 5 ashort exit system ¢ O, " and a long exit system * O, . The trunk
and all the collaterals could be closed by screw-clamps and there were mano-
meters ‘M, and ‘M, to mdicate the hydrostatic pressure m the trunk,
proximal and distal to the collateral system. The main trunk * T’ and the side-
branch ‘ M ' each had an internal diameter of 4+25 mm (cross-sectional area 14-2
sq mm) The four collaterals and the four exit tubes each hazd an internal
diameter of 1:0 mm (cross-sectional area o8 sq. mm). In operation, the whole
system of tubes was placed 1n the horizontal plane

Observation was made of the varying rates of outflow of water at O, and
O, with the whole system open and with various combinations of closure of the
different channels T, C;, C;, C, and C, The conditions could also be further
modified by varying the hydrostatic pressure * P’ in the supply reservoir and by
increasing or decreasing the flow through the side-branch M Some of the find-
ings are given in the following records  (The figures are the means of repeated
observations, which showed very little variation.)
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Circuration MopeL
Experiment (3)
Main trunk closed. Effect of diversion from  limb system *.
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The man principles demonstrated by these experiments may be sum-
marised as follows:

1. Outflow at the distat extt was much less than that at the praximal exit,

2. So Jong as the main trunk remained open, the opening or closure of ses eral
smal} coll 15 had no signif effect on pi or outflow ﬁgures.

3. With the man trunk closed, when the avarlsble collateral channels were
reduced to one (with crosssectional area about % of that of the
trunk), the distal outflow almost ceased, while the praximal outflow
continued, though at reduced rate. The opening of 3 additional col-
laterals of sumlar size d the outflow considerat ly. This increase
was proportionately greater at the distal exit.

4 A diversion of flaw from the * limb system * by reduction of resistance in
the * general airenlation * reduced the distal outflow in the hmb system
considerably.
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Experiment (1)

CIRCULATION MODEL

Main trunk open. (a) Effect of opening collaterals.
(b) Effect of varying perfusion pressure.
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Experiment (2)
Main trunk closed.
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Effect of variation of number of collaterals open.
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held to account for the well-known phenomenon of * reactive hyperaemia *
When the arterial supply of 2 limb is restored after temporary mterruption, the
return of blood produces an immediate flushing of the whole hmb, presum-
2bly because the vessels have become completely relaxed during the period of
sschaemia,

The only available method of demonstrating ischaemic vascular relaxation
—by restoring full blood-flow to the imb—is not usually possible m 2 hmb with
an embolic ocelusion of the main arterial trunk, 1f the embolus were to migrate
wta a side-branch, thus suddenly restoring the flow inta the main trunk, reactive
h)'pememia should occur  Howeser, embohic IMIZrAtion 1s nOt a COMMORN OCCur-
rence and the opportunity of obsesving the hmb at the appropriate morment 13
wrely granted.  One incident observed m this study may have been an example
of this phenomenon, Case No, 77 was a woman of 66 years, suffering from
mitral stenosis and auricular fibrillation, who had already had embolesm of both
popliteal arteries. She subsequently had a shght cerebral embolsm and was
examined about 30 minutes after the onset of the cerebral symptoms  In addi-
ton to the hemiparesis there were signs of pronounced ischaemn of the left
upper himb, with absence of the radial pulse  While the brachual artery was
being palpated, the radial pulse suddenly returned and a typical reactive hyper-
emiz immediately appeared in the hand It sas suggested m Chapter VH that
this may have been an example of embolic mugration (p 68), but whether this
be true or not the observation certainly suggested the presence of vascular
relaxation in an ischaerme hmb.

Linell and Prercy (1949) reported two similar observations, i which
manipulation of an embolus through the wall of an exposed artery produced
sudden tmprovement 1n the circulation of the limb, with reactive hyperaemia.
They mterpreted this as due to {ragmentation and migration of the embolus,
Pien:y (1957) carred out a stmlar manoeuvre i one further case by firm
external massage over the brachial artery m an mtact embolised limb, and mn this
case also he observed flushing of the Limb

The chinical observations described m Chapter VI and Chapter VI ndicated
that when collateral circulation 15 adequate, that fact 1s evsdent within two hours
of the onset of symptoms  This 1s 1 harmony with the results of some experi-
mental work on the Blish of coll 1 curcul Feb Gregg
and Pritchard (1941) found that when the femoral artery was occluded dogs,
the collateral orculation, as measured by the backflow pressure m the artersal
trunk dutal to the occlusion, was estabhshed sery rapidly, often reaching half
the normal inflow wwithin 90 minutes.

1 the sascular system of an embolised himb 15 1 a state of relaxanon, this
Fapid establish of collateral circul 15 readily understood. Though the
relaxation may not directly nvolve the mam collaterals of the occluded asterial
trunk, which would usually be some distance from the schaemic area, yet it
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5. In all conditions of the system, a moderate increase in perfusion pressure
produced a considerable increase in outflow, both proximally and dis-
wally. This effect was proportionately greater at the distal exit.

It is not suggested that the conditions in a simple system of this kind fully
represent those in the complex vascular structure of the human limb. Never-
theless, the principles enumerated above must continue to operate. In fact,
some post-mortem perfusion experiments on human limbs gave parallel results
for the differences 1 outflow at different points along the limb and for the
effects of variation of the perfusion pressure  Some of the post-mortem arterio-
graphies 1llustrated * diversion ’ effects (when an alternative path was available)
not unlike those shown by the model. The model illustrates the action of two
factors of great importance 1n any consideration of collateral circulation:

1. The influence of the number and size of the available collateral channels.
2. The decline of effective perfusion pressure towards the extremity of the
system.

In a Iving limb with an occlusion of the main arterzal trunk, apart from the
effect of variations in blood viscosity, we have to envisage the mfluence of motor
changes in the vascular system of the affected Iimb and that of physlological
function in the general circulation. The former will affect the conditions of
perfusion in the limb ijtself, the latter will affect the perfuston pressure the
collateral arteries.

Local physiological factors

Theoretical discussion of the effects of embolism has been much nfluenced
by the theory of embolic arteriospasm. In Chapter X, the validity of this theory
has been questioned. Direct information on the state of vascular tone 1 an
embolised limb 15 difficult to acquire The methods used for demonstrating
sasomotor changes, for example plethysmography or capillary microscopy, de-
pend upon a free flow of blood into the limb under insestigation and are there-
fore not applicable.

The majority of writers have concerned themselves with the posslbxhty of
active vasoconstriction in the hmb and have given little attention to an entirely
opposite conception—that of vascular relaxation in ischaemic tissues. This
p! on was d rated by Cohnheim (1872) in his classical experiments
on embolism and was discussed at length by Bier (1897 and 1898) and by Hess
(1921) in their writings on the mechanism of collateral circulation. There 15
ample es idence to show that the vascular system of an ischaemic area is normally
in a state of ‘ potential vasodilatation ’, with all its el completely relaxed
According to the theory of Lewis (1936), now widely accepted, this is caused
by the accumulation of vasodilator metabolites in ischaemic tissues, and 1t 15
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held to account for the well-knawn phenomenon of * reactive hyperaena "
When the arterial supply of a limb is restored after temporary mnterruption, the
return of blood produces an tmmediate flushing of the whale limb, presum-
ably because the vessels have hecome completely relaxed during the period of
ischaemia,

The only available method of demonstrating lschaemic vascular relaation
~by restoring full blood-flow to the imb—is not usually possible in @ kb with
an embolic occlusion of the main arterial trunk. IF the embolus were to migrate
into a side-branch, thus suddenly restoring the flow into the man trunk, reactive
hyperaemia should oceur. However, embalic migration 1s not a common occur-
rence and the opportunity of ebserving the himb at the appropriate moment 1s
rarely granted, One incident observed in this study may have been an example
of this phenomenon, Case No. 77 was @ woman of 66 years, suffermg from
mitsal stenosis and auncular fibrillation, who had already had embolism of both
pophteal arterfes.  She subsequently had a shight cerebral embohsm and was
examned about 30 minutes after the onset of the cerebral symptoms. In add-
ton to the hemparests there were signs of pranounced rschaemia of the left
upper himb, with ahsence of the radial pulse  While the brachul artery was
bemy palpated, the radial pulse suddenly returned and a typical reactie hyper-
aemia immediately appeared i the hand, It was suggested 1 Chapter VII that
this may have been an example of embolic rugration (p 68), but whether this
be true or not the observation certainly suggested the presence of vascular
vefavation in an ischaemise limb.

Linell and Piercy {1949) reported tno sumilar obsenvations, m which
manipulation of an embolus through the wall of an exposed artery produced
sudden improvement m the circulanion of the hmb, with reactive hyperaemus.
They interpreted this as due to fragmentation and mugration of the embolus.
Pierey (1957) carnied out a sialar manoemre m one further case by frm
external massage over the brachal artery i an ntact embolised hmb, and m this
<ase also he observed flushtng of the limb.

The chinical observations deseribed in Chapter Viand Chapter VI indicated
that when coll 3 errculation 15 adeq) that fact 1 evident within two hours
of the onset of symptoms  This 15 in hacrrony with the results of some experi-
mental work on the estsblishment of collatersl csreulanon.  Eckstern, Gregg
and Pritchard (3943) found that when the femoral artery was occluded in dogs,
the collateral circulation, as measured by the backflow pressure i the artertal
trunk distal to the occlusion, was established very rapidly, often reaching half
the normal infloyw within go minutes,

i the vaseular system of an emhohsed himb 1s in a state of relavation, this
rapd establishment of collateral cirewlation 1 readdy undepstood  Though the
relaxation may not directly involve the man collaterals of the occluded artersal
trunk, which would usually be some distance from the ischaemic area, yet it
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5. In all conditions of the system, a moderate increase in perfusion pressure
produced a considerable increase in outflow, both provimally and dis-
tally. This effect was proportionately greater at the distal exit,

It 1s not suggested that the conditions in a simple system of this kind fully
represent those in the complex vascular structure of the human limb. Never-
theless, the principles enumerated above must continue to operate. In fact,
some post-mortem perfusion experiments on human limbs gave parallel results
for the differences in outflow at different points along the Limb and for the
effects of variation of the perfusion pressure  Some of the post-mortem arterio-
graphies 1llustrated * diversion ’ effects (when an alternative path was available)
not unlike those shown by the model. The model illustrates the action of two
factors of great importance in any consideration of collateral circulation:

1. The mfluence of the number and size of the available collateral channels.
2 The decline of effective perfusion pressure towards the extremity of the
system.

In a living limb with an occlusion of the main arterial trunk, apart from the
effect of variations i blood viscosity, we have to envisage the influence of motor
changes 1 the vascular system of the affected limb and that of physlologlcal
function  the general circulation. The former will affect the conditions of
perfusion in the limb stself, the latter will affect the perfusion pressure the
collateral arteries

Local physiological factors

Theoretical discussion of the effects of embolism has been much influenced
by the theory of embolic artertospasm. In Chapter X, the validity of this theory
has been questioned. Direct information on the state of vascular tone in an
embolised hmb is difficult to acquire. The methods used for demonstrating
vasomotor changes, for example plethysmography or capillary microscop), de-
pend upon a free flow of blood into the hmb under mvestigation and are there-
fore not applicable

The majority of writers have concerned themselves with the possibility of
active vasoconstriction in the imb and have given little attention to an entirely
opposite conception—that of vascular relaxation in 1schaemic tissues. This
phenomenon was demonstrated by Cohnheim (1872) in his classical experiments
on embolism and was discussed at length by Bier (1897 and 1898) and by Hess
(1921) in their writings on the mechanism of collateral circulation. There 1s
ample evidence to show that the vascular system of an ischaemic area is normally
in a state of ¢ potential vasodilatation ’, with all its elements completely relaxed.
According to the theory of Lewis (1936), now widely accepted, this is catxse'd
by the accumulation of vasodil bol in isch ic tissues, and it is
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structure in determining the degree of isch and the adequacy of collateral
circulation in embolism:

1. The limb survival rate is inversely proportional to the size of the occluded
artery (Chapter Vi)

2. Post-mortem arteriography shows that there are some persons with ana-
tomical deficiency of arterial collaterals, especially in lower mbs. The
findings are consistent with the limb survisal rates 1n hmb embolism
(Chapter 1X)

3. Post-mortem arteriography shows that the system of arternal collaterals is
usually symmetrical. In the majonity of cases of brlateral lower hmb
embolism, the fate of the two limbs 1s correspondingly sumilar (Chapters
VI and IX).

. The ischaemic effects of an embolic occlusion are sometimes mitigated by
the presence of an earlier occlusion in the same imb (Chapters VIIf and
X). This appears to have an anatomical explanation

. The extent of consecutnve thrombosis appears to be determmed mainly
by anatomical factors and does not itself greatly influence the local result
in an embolised imb (Chapter V).

6. When an acute arterial acclusion produces gangrene in a lower Iimb, the
demarcation hne very commonly has a characteristic conformation,
extending to its highest level on the anterolateral aspect of the leg (Cases
Nos 20, 34, 41, 47, 55, 76)  This suggests that the area of necrosis is
determined by the anatomical structure of the artenal supply.

7 No difference m outcome can be shown between medically treated and
untreated embolic occlustons (Chapter VII)  This 1s explamed if the
result 15 determined more by anatomcal structure than by local physio-
logical reactions.

>

i~

In the airculation model, when the man trunk was closed, four collaterals
with an aggregate cross-sectional area less than one-quarter of that of the mam
trunk could produce an outflow at the distal exit equal to two-thuirds of that
produced when the main trunk was open  The volume of collateral blood-flow
which can be carried by a system of quite small collateral arteries 15 equally sur~
prising  For example, the collateral circulation of an occluded aortic bifurcation
seems to depend mamly upon the following routes:

1. Internal ¥ perior epigastry ferior epigastric—external iliac.
2. Subcostal—supert T +e 7 . epigastric—external iliac,

3. Lumbar—il"

4.1 : .

5
6. -ernal iliac,
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will decrease resistance to blood-flow from these collaterals into the vessels of
the ischaemic area, The occlusion in the main arterial trunk causes an immediate
fall of blood-pressure in the arteries distal to the occlusion, thereby mcreasing
the pressure differential between these vessels and the collateral artertes. These
two factors will encourage blood-flow from the collaterals into the ischaemic
tissues  Finally, there may be some increase in general arterial blood-pressure,
and this will favour the process.

Vascular relaxation would also cause conditions in the arterial system of the
ischaemic imb to approximate more closely to those in an inert system of tubes,
allowing the principles demonstrated by the model to assert themselves more
fully. The adequacy of collateral circulation would then be governed largely
by the number and size of the available collateral channels and the greatest
degree of circulatory madequacy would naturally manifest itself at the extremity
of the limb. The developments regularly observed both chascally and exper:-
mentally in acutely ischaemic imbs seem to be consistent with this conception

The extent to which the process is mnfluenced by nervous vasemotor control

has been the subject of much discussion  As already mentioned n Chapter X
(Section (1) ), Mulvihill and Harvey (1931) found that the temporary decrease
of surface temperature of the paw caused by ligation of the external iliac artery
1 dogs could be prevented by removal of the tributary sympathetic ganglia at the
time of the igation  Stricker and Orban (1930) found that the massive gangrene
of the hind limbs produced by resection of the aortic bifurcation i dogs could
be prevented by prior lumbar sympathectomy. Experimental results of this type
form the theoretical basis of the use of methods of suppression of sympathetic
vasoconstrictor tone i the treatment of embolism. It may well be that such
methods, if mitiated sufficiently early, can accelerate the development of col-
lateral crrculation  Whether they can actually increase the possible volume of
collateral eirculation or prevent gangrene in man 15 less certain  The role of the
sympathetic nervous system m the possible causation of injurious vasoconstrictor
reflexes in human embolism has already been considered m Chapter X, and 1t
was concluded that the evidence supporting this hypothesis 1s far from con-
vincing.
The foregong consideration of the mechanism of establishment of collateral
circulation 1s necessarily brief and inadequate. It 1s intended mamnly to lay
emphasis on two aspects of the problem which have received little attentron
clinical discussion of embolism  firstly, the importance of anatomical factors
and secondly, the role of ischaemic vascular relaxation, The importance of
anatomical factors 1s further attested by a number of climcal observations made
1n the course of this study, and these are summarised 1n the next section.

Importance of anatomical structure
A number of observations emphasise the 1mportant role of anatomcal
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Treatment

HE survey of outcome in Chapter Vill showed httle difference in the

limb sunvival rates of cases treated by embolectomy, cases treated medi-

cally and cases which recenved no treatment at all.  The reasons for this
were discussed and it was pointed out that 1t does not mean that no treatment 15
of any value  Howeser, in general, treatment of limb embolism 15 much less
effective than has been supposed. Moreoner, there are some forms of treatment
which may be harmful and should therefore be avorded.

Many types of treatment have been supported by case reports clamming to
show their advantages, only to be followed by others rejecting these claims.
Most of the * successes* claimed are probably only examples of spontaneous
recovery, which occurs in a considerable proportion of cases.

EMBOLECTOMY

On the whole, the results of embolectomy have hitherto been disappoint-
ing, and the relatively small number of true successes is shown by a comparison
with the results of untreated embol The disiil of some
is understandable, but Grégowre’s sad pronouncement (‘.. cette opération
décevante et 1llusoire ') was too pessumistic, for there have been many genuine
successes, including not a few cases of aortic embolism,  Statistical ment of
the value of the operation i a large series 15 no guide to 1ts apphication in an
wndividual case  The fact that 1t 15 not more often successful 15 due to special
difficulties, partly technical, partly due to the associated heart disease, and partly
due to tardy diagnosis  Some of these difficulties are not insuperable, and both
surgeons and physicians can contnibute to therr solution  Despite 1ts Iimira-
tions, embolectomy still holds first place in the treatment of embolism of the
larger himb arteries. With the i n ique developed in recent
years and with clearer definition of the indications for operation, its results
should appear in a better Light

Indications {or operation

The majority of surgeons hold that embolecmmy has little prospect of suc-
cess 1f undertaken more than ten hours after the onset of symptoms. It is usually
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7. Inferior mesenteric—superior haemorrhoidal—middle and inferior hae-
morrhoidal—internal ihac.

8. Superior mesenteric—inferior mesenteric—haemorrhoidal group—in-
ternal iliac.

Though numerous, these anastomoses are mostly small, yet they can carry
a very considerable volume of blood. Ths was illustrated by one obsenation at
operation on a case of right common iliac embolism. With 2 full exposure of
the aortic bifurcation and both common 1liac arteries, the abdominal aorta above
its division and the right common thac below the embolus were occluded by
rubber tourniquets. When the right common iliac was opened, there was a
very profuse non-pulsatile haemorrhage from the incision; this produced a sus-
tamned jet rising 2—3 cm above the artery  The haemorrhage ceased at once when
the left common iliac was compressed; 1t was evidently due to retrograde flow in
that vessel from the collateral circulation of the lower aorta (Case No. 7).

In some cases the collateral circulation of the aorta will even suffice for sur-
vival of the whole of both lower limbs, though in most cases 1t proves inadequate
for this  The limb survival rate in occlusion of the bifurcation of the common
iltac 1s much higher than that 1n aortic occlusion. This can hardly be due to
any additional collateral circulation carried by branches of the common iltac
itself, for these are few and minute. It is probably due to the fact that the
collateral circulation 1s supplemented by cross-flow from the pelvic vessels of
the opposite tliac system.

If the anatomical capacity of collateral arteries is usually so impressive, it
might be expected that 1n embolism survival of the Iimb should be the rule
rather than the exception Taking into consideration the large number of em-
bolic occlusions which do not come under treatment at all (Chapter III), this
supposition may not be very far from the truth. Certamn it 1s that the risks of
gangrene have been much exaggerated  The anatomical study jndicated, how-
ever, that there are arterial variations, especaally in lower limbs, and these go far
to explain the actual incidence of gangrene.

General physiological factors

Though the importance of anatomical structure has been emphasised, this
is not to deny the influence of other factors  The physiological factors of greatest
importance, however, seem to relate more to the general circulation than to the
arteries of the affected limb  Any changes which alter the perfusion pressure
available to the collateral arteries may decide the adequacy of the collateral
circulation. In Chapter VI 1t was pomnted out that in embolism of large
artertes there may be a rise of general arterial blood-pressure. This 1s probably 2
favourable factor and should be borne in mind when treatment is considered.
The influence of general circulatory function 1s strikingly illustrated by the
1 on of * relapsing iscl syndrome ’, described in Chapter VIl (p.7 1)
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Treatment

HE surey of outcome in Chapter VIl showed little difference in the
limb survival rates of cases treated by embolectomy, cases treated medi-
cally and cases which received no treatment at all  The reasons for this
were discussed and 1t was pointed out that 1t does not mean that no treatment is
of any value  However, in general, treatment of hmb embolsm is much less
effective than has been supposed. Moreover, there are some forms of treatment
which may be harmful and should therefore be avorded
Many types of treatment have been supported by case reports claming to
show their adsantages, only to be followed by others rejecting these claims.
Most of the * successes * clumed are probably only examples of spontaneous
recovery, which oceurs i a considerable proportion of cases

EMBOLECTOMY

On the whole, the results of embolectomy have hitherto been disappoint-
ing, and the relatwvely small number of true successes is shown by a comparison
with the results of untreated embol The disli of some surgeons
is understandable, but Grégowre's sad pronouncement (¢ cette opération
décevante et Nusoire ') was too pessimistic, for there have been many genuine
successes, includmg not a few cases of aortic embolism  Statistical assessment of
the value of the operation in a large senies is no guwde to its application in an
ndiwidual case. The fact that 1t 18 not more often successful 15 due to special
difficulties, partly techntcal, partly due to the associated heart disease, and partly
due to tardy diagnosis  Same of these difficulties are not insuperable, and both
surgeons and physicians can contribute to their solution  Despite its limita-
tions, embolectomy stll holds first place mn the treatment of embolism of the
larger himb arteries. With the smpr ts 1n technique developed in recent
years and with clearer defimtion of the indications for operation, its results
should appear ina better light.

Indications for operation
The majority of surgeons hold that emhulenmmy has httle prospect of suc-
cess if undertaken more than ten hours after the onset of symptoms  Ttas usually
53
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supposed that failure in late operations is due to secondary thrombosis at the
site of the arteriotomy. This may sometimes be so, but there are probably cases
of grave 1schaemia 1n which the fate of the Iimb has already been decided before
operation 1s begun.  The introduction in recent years of new techniques for
clearing an embolised artery by retrograde flushing (Lerman, Miller and Lund
(1930), Olwin, Dye and Julan (1953), Crawford and De Bakey (1956), Shaw
(1956) ) has encouraged the hope of success mn some cases operated on more
than ten hours after onset.

Many writers have suggested a preliminary pertod of medical treatment with
observation for 2-3 hours, operation being undertaken if the ischaema shows no
improvement within this period. In Chapter VI, reasons have been given for
disagreeing with this suggestion A delay of 2-3 hours is not lightly to be
accepted, especially if the effectiveness of medical treatment 1s so much 1n ques-
tion. In cases seen very early, 1 e. less than two hours after onset, there may
sometimes be rapid spontaneous improvement as the collateral circulation
develops (e.g. Case No. 4), but this phase will not usually take longer than the
time required to prepare for operation, and if 1t has not occurred within this
time operation should not be delayed.

Assuming that the case 15 seen early enough, the indications for embolec-
tomy can be very breefly stated:

1. All cases of embolism of the aortic bifurcation.

2. Cases of embolism of the 1lac, femoral or axillary arteries in which signs
of grave 1schaemia are still present two hours or more after the onset of
symptoms (Chapter VIII)

Embolectomy 1s not usually mndicated for embolism of the brachial or
popliteal arterics.

Technique

The writer 1s not qualified to discuss the operative technique of embolec-
tomy, which has been described by many surgical experts (Key (1922), Danzis
(1933), Pearse (1933), De Takats (1942), McClure and Harkins (1943), V.eal
and Dugan (1951), Olwin, Dye and Juhan (1953), Pratt (1954), Dye, Olwin,
Javid and Juhan (1955), Cranford (1956) ). Mention may be made of one case
(No. 45) m which the practice of opening the artery below the embolus and
attempting to extract 1t by suction through a catheter led to failure, The occlud-
ing clot was apparently only partzally removed by this method and the restoration
of blood-flow was incomplete and temporary. It seems wiser always to expos¢
the artery fully at the upper linut of the occlusion and this emphasises the need
for accurate localisation of the embolus. In combination with the method og
retrograde flushing introduced by Olwn and his colleagues (1953), this type of
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surgical approach should ensure complete removal of the embolus and its * tail
thrombus *,

Possible adverse effects of embolectomy

In one of the writer’s cases (Ne. 7) it appears possible that the restoration
by embolectomy of full bload-flow to muscles damaged by ischaemia may have
aggravated the subsequent severe oedema, which was followed by permanent
paralysis and fibrotic contracture. Griffiths (1938) described three cases of
embolectomy followed by ischaemic contracture  In this study there were 75
cases who recovered without operation and only one of these developed con-
tracture,

Theoretically, embolectomy carries the risk of provoking traumatic arterial
spasm.  Minor degrees of this may account for the not uncommon delay m return
of distal pulses alter operation, but there seems to be little risk of widespread
spasm,

Other arterial operations

In Chapter XJ, artenial massage was mentioned as a method of displacing an
embolus distally and so reducing its ischaemuc effects. This manoeuvre was
originated by Deroyer (1880) and has been termed * Melkung’ (Schmarell
(1933), Groth (1939) ). Groth thought 1t had certain advantages over embalec-
tomy 1t s a fact that a more distally placed embolus offers less threat to the
fimb than a proximal one (Chapter VIIl) I an embolus could be successfuily
manoeuvred into a side-trunk such as the mternal ihac, restoration of the arcu-
lation 1n the imb might be achiered. There are advantages in avoiding arterio-
tomy, which causes injury to the arterial wall and usually results 1n narrowing of
the lumen, thus facihitating secondary thrombosis, However, 2 blind’ pro-
cedure of this kind does not r d itself to most surg , except perhaps
mavery il panent,

Arteriectomy has been advocated, especully by the French surgeons, m
cases seen too late for embolectomy (Hamovici (1937), Lenche (1947) ). It
has been held to reduce the risk of consecutive thrombosis and to remove the
* centre of rritation * postulated as a cause of reflex vasoconstrsction, In view
of the conclusions reached in Chapter V and Chapter X, arte riectomy would
seem to have little place in the treatment of embolism.

MEDICAL TREATMENT
Anticoagulant drugs
The mam theoretical basis for the use of anticoagulants 1 embolism is the
presumption that consecutive thrombosis may be the cause of failure of
collateral circulation  The relation of consecutive thromboss to gangrene was
found to be fess ¢lose than had been expected (Chapter V),
15y
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Anticoagulants were used in 30 embolic incidents, Excluding brachial and
popliteal embolism, there were 3 examples of axillary embolism and 16 examples
of * serious lower hmb embolism *.  Primary gangrene occurred in 8 of these
19 occlustons. There was a full post-mortem examination of the arteries in 7
of the 16 lower himb occlusions and consecutive thrombosis of * major * degree
was found only in one of them. However, this limb survived, whereas ¢ of the
other 6 developed primary gangrene  The value of the anticoagulant therapy is
therefore not apparent, but the material has no statistical value

Boyd (1948) has stated that anticoagulants may sometimes be harmful. He
observed ecchymosis i the skin of a number of ischaemic limbs after treatment
with dicoumarol and was of opnion that this had precipitated gangrene in some
cases In Case No 46, dicoumarol poisoning appears to have accelerated death,
but this was because of intraperitoneal haemorrhage‘ In the writer’s practice,
dicoumarol has for some ycars been replaced by phenindione, and no harmful
cffects have been seen which could be attributed to this drug,

This study provides no evidence of any weight on the value of anticoagulants
in the treatment of hmb embolism  However, apart from any possible effect
on the local result in the Iimb, there 1s a further important consideration.
Embolism of a hmb 1s very commonly followed very shortly afterwards by other
embolic incidents  This appears to be due to new intracardiac thrombosis, and
with the aim of preventing this, oral anticoagulants have been given for a period
of some weeks to all cases of limb embolism in which there was no contra-
indication  Heparin was used concurrently for the first 48 hours, to produce
immediate effect.

Suppression of sympathctic vasoconstrictor tone

On the presumption that sympathetic vasoconstrictor tone collateral
artertes might hinder their enlargement, procaine nfiltration of the regional
ganglia 1s often used 1n the treatment of embolism  Milwidsky and his colleagues
(1948 and 1952) have reported a number of examples of recovery from limb
embolism after this treatment  The writer’s experience of 1t 15 himited, but no
immediate mprovement has ever been observed 1n an acutely ischacmic himb
after such njections.

A centrally induced release of sympathetic + rictor tone th k
the body can be achieved by warming the torso with an electric cradle. This
method will cause general vasodilatation and may therefore produce a fall of
blood-pressure, which could impair collateral circulation in an ischacmic Iimb,
For this reason the method appears undesirable. It certamly causes much dis-

comfort to the patient.

Chemical vasodilators
The drug most w idely employed as a vasodilator has been papaverine, first
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used in embolism by Denk (1934). Tn recent years the benzyl-imidazoline
ds have been ad d.

Papavering was given by int jeetion in 18 embolic ncid In
15 of the cases no effect was observed and n one the drug was frst used only
after embolectomy, There were 2 cases in which there seemed 1o be an improve-
ment in the colour of the hmb shortly after the injection. One case (No. 7)
was a very transient ischaemic syndrome which has been classified as pseudo-
embolism. Case No, 5 was the only one in which the improvement was noted
to recur with repeated wjections.  This was a septic embolism with possible
arterfal spasm; it has already been described m Chapter X (Section (1) ).

Other vasodilators gisen to patients in this study were benzyl-imidazohine
hydrochloride {* Priscol ’y—y incidents, pancreatic extract {* Padutm 'j—jy
incidents, and nicotmnic acid or brandy in a few mstances  No favourable effect
was observed with any of these preparations

The writer’s experience of the various methods of producing vasodilatation
is thus rather himited, but 1t grves very hittle evidence of their value 1n embolsm.
Furthermore, there s a theoretical reason agamnst thesr wse. In Chapter VI,
attention was drawn to the reactive hypertension which often appears 1 em-
boliem of the larger artenies and which may be favourable w its effect on collsteral
circulation,  If general vasodilatation 1s produced by any method of treatment 3t
15 bound to cause some fall of general blood-pressure, and the harmful effects of
this might outweigh any possible advantage  The only vasodilator method free
from this objection 1s Jocal injection of the regional sympathetre ganpha, and if
any such method is to be used this 1s the one of choice.

Vasodilators have also been admmistered by mra-arterial injection, ¢.g by
Richards (1954) Richards was niot 1mpressed by the effects, and even when so
gven the drug must soon find 1ts way nto the general circulation and perhaps
cause a fal} of bload-pressure

Physical treatment

Trwo methods of physical treatment have been advocated for the encourage-
ment of circulation i tschacmic limbs  the * Pavaex ” suction-pressure chamber
and intermittent venous occhusion (Landis and Gsbbon (1933), Herrmann ang
Reid (r934), Wilson and Roome (1936) )  Reports of their effects are con-
fhcting, and natural recovery could evplain all the figures quoted n thewr sup-
port  Both methods entail some pressure on the skin of the limb, and this
might be harmful

Care of the ischaemic limb
Muscular actwity wcreases circulatory demand and an ischaemic b 15
therefore usually kept at rest, but not d by bands or sandbags because
of the vish. of pressure on the shin, which may easly cause local necrosis. Eleva-
"y
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tion of the limb reduces the perfusion pressure in its arteries and is generally
recogmised as harmful. In Case No. 20, the limb was unwisely kept shghtly
elevated to aid venous return, because of old venous occlusions. Though the
initial ischaemic signs n this limb were not of the gravest type, the circulation
deteriorated and gangrene ensued. A lower limb is usually kept in a horizontal
position, but there would seem to be some advantage n keeping it below heart
level.

It has been shown experimentally that a passive rise in the temperature of
an ischaemic limb can precipitate gangrene, presumably by increasing its meta-
bolic demands beyond the capacity of the depleted circulation, or perhaps by
accelerating the formation of toxic metabolites. An embolised Iimb 1s therefore
usually kept cool (Allen (1938), Brooks and Duncan (1940), Freeman (1940) ).
On the other hand, chllling tends to cause contraction of arteries, Case No. 24 was
the only one treated by active cooling of an ischaemic lower imb.  This patient
had surgical excision of a syphilitic popliteal aneurysm. In the immediate post-
operative period a trial was made of active cooling of the imb by means of an
electric fan  The 1schaemic signs remained severc during this treatment and
immeduately improved when it was discontinued. The most satisfactory com-
promise is to expose the imb without coverings in a draught-frec room at
ordinary temperature (15~18° C.), and this was the usual routine.

General treatment

Pain should be relieved by suitable drugs, this will help to ensure relaxa-
tion and rest for the ischaemic limb. As long as the Limb appears to be surviving,
strong narcotics are to be avoided, for they may cause a fall of blood-pressure

If collateral circulation depends so largely upon anatomical factors, the most
important el of climcal g 1s suitable treatment of the heart
disease to maintan the best possible general circulation  Overdosage of digitalis
must be avoided, and dwretics used with discretion so as to run no risk of
haemoconcentration. The question of active measures to increasc blood-pressure
15 a difficult one, for a nise of blood-pressure may further embarrass a Jabourtng
heart and so do more harm than good. At all events, every effort should be
made to avoid a_fall of blood-pressure, and for this reason vasodilator drugs and
electric cradles are probably not good practice.

Amputation

Once gangrene 1s evident (and it is usually heralded by extensise ex
\asation staining), there is nothing to be ganed by delaying amputation. On
the contrary, the rapid general deterioration which often sets in wit'h thz.: onset
of gangrene may sometimes be arrested by prompt amputation. 'I:}us 15 impor-
tant if there is another embolised limb whose collateral clrcu].;tfon might be
endangered by a sertous decline in the ge:cral condition of the matient.
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TREATMENT

PREVENTION OF EMROLISM

Treatment of imb embolism 15 on the sshole disappointing and the problem
of prevention is therefore very important, Limb embolism itself accounts only
fora rc!ame!y smal] number of deaths 1 patients with heart disease, but internal

bolism Is a very cause of death or grave incapacity, and any
success in the prevention of embolism in general would avert many deaths and
save much imahdism.

The pramary cause of systemic embohsm is intracarduc thrombosis, and it
is 1o the prevention of this that attention must be turned. There is reason to
regard over-dosage of digitabis as a contributory factor in some cases (Chapter
V) A Rl understanding of the potency of digitalis preparations {particularly
digovin) and increased vigilance i supervision may prevent a certain number of
embolic disasters. If signs of over-dosage are noted, the prophylactic use of
anticosgulants until these signs have passed off may help to asert embolsm.

Any patient who has had one embolism 1s hable to suffer others, and therejsa
case for the propt ylactic use of ant }3 in such cases, at least for a few
weeks,

Operations on the heart

Dock (1946) was wmpressed by the fact that in pasents who have had
systemuc embolisty adherent thrombs are very often found in the left auricular
appendage and he suggested that resection of this part of the auncle might be
an efective prophylactic measure agamst embolism. It seems probable tha
shrombi are found m this site because it 1 here that adhesion most readily occurs,
and that the thrombs which cause embolism are those which form in the atrium
and never become adherent at all  However, Dock’s suggestion has been acted
upon by some surgeons, for example Madden (s949), who reported two cases
of this operation  The results were not encouraging, for one patient develaped
hemmplegia during the course of the operation and the other died suddenly,
probably of embolism, nine days later (the description of the symptoms suggests
that the latter patient had excessne dosage of digitatis).

Jordan, Schiefley and Edwards (1951) examuned the records of 11,536
autopsies at the Maya Clintc and found g1t cases of mtral stenosis with adherent
wntracardiac thrombt 569 of those found on the left side of the heart were
sitvated 1o the auncular appendage and g0, elsewhere  Systemic emboh were
equally common 1 erther case  They concluded that *. . . resection of the left
auricular appendage offers only a o9, chance of ehm:mnnu the source for
systemic arterial emboli*. The logic of this 15 not apparent, or there are no
grounds for supposmng that thrombr cannot form m the atoium after removal of
the appendage and as they themsebves ponted out, mural thrombi elseshere on
the left side of the heart are isted w 1th syst bohsn just as £
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as appendicular thrombi. The prospect of eliminating the source for emboli by
this operation must be very much less than * 50%, *, if indeed it exists at all.

The incidence of old arterial occlusions in patients with mitral stenosis
(Chapter IIT) and the incidence of auricular fibrillation in embolism (Chapter
1V) both show very clearly that the most important factor in the causation of
intracardiac thrombosis, and therefore of embolism, is auricular fibrillation.
Mitral stenosis itself carries but httle risk of embolism so long as the heart
rhythm remains regular. If the onset of fibrillation could be averted or long
delayed, many cases of embolism would be prevented.

At present, interest centres upon mitral \'alvotomy as the treatment most
likely to avert or delay the onset of auricular fibrillation. Hitherto, the deciston
to operate has usually been based on evidence of cardiac insufficiency which
itself may appear only after the onset of auricular fibnllation, If the risk of
embolism be taken into consideration as well, and if the operation fulfils the
hope that 1t will avert fibrillation, then 1t would seem that earlier operation has
much to be said for 1t. Valvotomy before the onset of auricular fibrllation
mught also tend to reduce the risk of embolism as an operative complication.



XI1II

Summary of Main Conclusions

1. Spontaneous recovery in untreated limb embolism

Examination of the limb pulses and enquiry into the history of patients with
mitral stenosss show that many of them have had limb embolism with natural
recovery. In the patients with auricular fibrillation the proportion showing this
is more than one quarter and 1t increases with increasing age.  (Cuaprer 1ll)

2. Aetiology of limb embolism
{a) Limb embolism 15 very rare in patients without heart disease.
(CHAPTER V)
(b) Auncular fibnllation 1s the most important aetiological factor.
{CHarTER 1V)
(¢} Over-dosage of digitalis 15 2 contributory factor in some cases.
(CuaprER 1IV)

3. Incidence of embolism at different anatomical sites
{a) Embolism 15 commonest in the smailest arteries and least common in the
largest, {CHAPTER V)
(b) This natural anatomucal incidence 15 not evident in hospital senes because
many of the less serlous cases do not come under observation,
{CuartER V)

4+ Character of embolic thrombi

Embolism 15 usually caused, not by detachment or fragmentation of old
mural thrombi but by newly formed intracardiac thrombs which have never
become adherent (CuarTER V)

5. Consecutive thrombosis
There 15 little evidence that consecutive thrombasis is commonly respon-
sible for precipitating gangrene in an embolised imb. Its extent is determuned

by anatomcal factors, and 1t 15 probably more often a result of madequacy of
collateral circulation than a cause of it, (Cuapter V)
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as appendicular thrombi.  The prospect of eliminating the source for embolt by
this operation must be very much less than * 0%, °, if indeed it exists at all.

The incidence of old arterial occlusions in patients with mitral stenosis
(Chapter 11I) and the incidence of auricular fibrillation in embolism (Chapter
1V) both show very clearly that the most important factor in the causation of
intracardiac thrombosis, and therefore of embolism, is auricular fibrillation.
Mutral stenosis itself carries but httle risk of embolism so long as the heart
rhythm remains regular. If the onset of fibrillation could be averted or long
delayed, many cases of embolism would be prevented.

At present, interest centres upon mitral valmtomy as the treatment most
likely to avert or delay the onset of aunicular fibrillation. Hitherto, the decision
to operate has usually been based on esvidence of cardiac insufficiency which
itself may appear only after the onset of auricular fibrillation. If the nisk of
embolism be taken nto consideration as well, and if the operation fulfils the
hope that 1t will avert fibrllation, then it would seem that earlier operation has
much to be said for 1t. Valvotomy before the onset of auricular fibnllation
might also tend to reduce the risk of embolism as an operative complication.




SUMMARY OF MAIN CONCLUSIONS

14. Diagnosis of the site of an embolus
In localisation of the site of an embolus:

(a) ‘The sites of the pulse deficiencies take precedence over all other signs.
(b) A weakened arterial pulse has the same significance as an absent pulse.
(Cuarrer VIl)

15. * Relapsing ischaemic syndrome”

In some cases of old limb embolism who have recovered spontancously,
subsequent heart failure may precipitate fallure of the collateral circulation,
producing an acute ischaemic syndrome which may closely resemble a very
recent embolic occlusion. (Caaprer VI

16. Limb survival rates in embolism at different sites
(a) In limb embolism the limb survisal rate is inversely proportional to the
size of the artery occluded. (CrapTEr VIIN)
(b) Spontaneous recovery may occur in embolism at any site, though it is not
common in aorti¢ embolism, (CHarrER VII)
{¢) In brachial and popliteal embolism, survival of the limb is almost in-
vanable. (Cuaverer VIIT)

17. Effect of treatment on outcome of limb embolism
The hmb survival rates of embolic occlusions treated erther surgically or
medically are no higher than that of untreated embolism. (Cuarrer VINIY

18. Reappearance of suppressed pulses after embolism
Early reappearance of the suppressed pulses 15 not uncommon after embol-
ism, especially in upper himbs (Crarrer VI

19. Prognosis in limb emboli tic emboli luded

Provided two hours have elapsed from the onset of the symptoms, the
probable fate of the hmb can be decided on the basis of the ischaemic signs,

without temporsing (Crapter Villy
20. Impossibility of pr is in aortic emboli:

In aortic embolism the fate of the hmb cannot be predicted, for sudden
regression often occurs after tutial 1mprovement. (Caarrer Vi

21. Anatomical variations in collateral arteries
Post-mortem arteriography shows that there are considerable variations in
the extent of al devel of arterial coll Is in different persons

P
and at diferent sites  These variations gofarto explain the incidence of pangrene
1n embolism of the limbs. (Clu:’g‘rzf X)
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6. Pain in embolism of the limbs
Pain localised near the site of impaction of an embolus is uncommon in

comparison with the pain situated in the more distal area of the ischacmic signs.
(CuarTer VI)

7- Reactive hypertension in embolism of large arteries

A rise of general arterial blood-pressure is not uncommon during the early
period after ¢mbolism of the aorta or the iliac arteries. This is probably a
favourable factor., (Cuaerer V1)

8. Assessment of the gravity of ischacmia
The signs most uscful for clinical assessment of the gravity of ischaena are:

(2) The extent of pallor
(b) The extent of sensory impairment.
(c) Deficiency of venous ﬁ]]mg. (Cuarter VI)
9. Duration of ischaemic signs in recovering limbs

In imbs with adequate collateral circulation, signs of grave ischaemia do
not persist for more than two hours after onset (Cnapter VI

1o. Persistence of pulses distal to an embolus
Arterial pulsation, though usually weakened, is not uncommonly felt beyond
the site of an embolic occlusion in a large imb artery. (Chapter VI

11, Ischaemic muscle damage in limb embolism
Ischaemic muscle damage 1s not uncommon n hmb embolism, but in Timbs
which recover naturally 1t rarely results in contracture. There 15 some indica-

tion that contracture may be more common after successful embolectomy
(CrapTER VI)

12. Diagnosis of limb embolism
The presence of heart disease of appropriate type 1s the most important
factor m deciding whether an arterial occlusion is embolic. (CHaprer VID)

13. ¢ Pseudo-cmbolism’
(a) There are occasional nstances of acute 1schaemic syndrome in patients
with heart disease, due not to embolic occlusion but apparently to

arterial spasm of obscure ongin. (Craprer ViD)

(b) The transient character of the symptoms does not distinguish pseudo-
embolism, for i some cases of proved embol lusi

may be equally transient.

the symp
(Cuarrer VIT)
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Appendix T

Diagrams illustrating arterial occlusions

The extent and character of the arterial occlusions found at autapsy 1n 12 representa-

tie cases of lower himb embolism are illustrated by duagrams 10 Figs 26 to 37.

In these duagrams, recent black thrombus 15 represented by hatching, red thrombus
by cross-hatching and organised thrombus by stippling, Firm lhrombus 1 represented
by close-set hatching, soft thrombus by widely spacenl hatching  An outline surroundmg
the hatching indicates a well defined t bus,  Adh. 15 1 by * brstle *
matks along the margun, close-set for dense adheston and widely spaced for light adhesion.

Examples of these symbols are shown below :

T
R

Soft black thrombus, non-adherent, occluding the artery
completely,

Well defined soft red thrombus, non-adherent, occluding
the artery completely.

Well defined firm red thrombus, Lightly adherent, uccludmg
the artery completely, with firm black tapening * tail
thrombus *, lightly adherent, not fully occluding the
artery.

Organised thrombus, densely adherent
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22. Arterial spasm in limb embolism
Cntical examination of the evidence indicates that the importance of
embolic artertospasm has been much exaggerated. (CuarTER X)

23. The genesis of ischaemia in limb embolism
(¢) The most important factor n deciding the degree of ischaemia in an
embolic occlusion 15 the anatomical structure of the system of arterial
collaterals. (CuapTER XI)
(b) The most important physiological factors are the efficiency of the general
circulation and the level of the arterial blood-pressure. (Cuarter XI)

24. Treatment of limb embolism

Though the number of successes 1s not great, embolectomy holds first place
in the treatment of embolism of the larger Imb arteries, Little benefit can be
shown from the various forms of medical treatment 1n use and some of them may
be harmful (Cuarrer XII)
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Diagrams illustrating arterial occlusions

The extent and character of the arterial occlusions found at autopsy n 12 representa-
tive cases of lower limb embalism are illustrated by diagears 1n Figs 26 to 33

In these diagrams, recent black thrombus 1s represented by hatchmg, red thrombus
by cross-hatching and organised thrombus by suppling. Firm thrombus 1s represented
by close-ser hatchung, soft thrombus by widefy spaced harching  An outhine surrounding
the hatching wndicates 2 well defined thrombus.  Adhesion is represented by © bristte *
warks along the margm, close-set for densc adhesion and widely spaced for hght adhesion.
Examples of these symbols are shown below :

IE[[HI]I[II Soft black thrombus, non-adherent, occluding the artery

campletely.

. Well defined soft red thrombus, non-adherent, occluding
m the artery completely
Well defined firm red thrombus, lightly adkerent, occluding

IE the artery completely, with firm black tzpenng * earl
thrombus *, Lightly adherent, not fully occluding the
aﬂtl‘"

:E:I Orgamsed thrombus, densely adherent.
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Fic. 26 (Case No 4) Embolsm of Fta 17 (Case No 14) Embolism of
aortic bifurcation  Estmated age of aortic bifurcation and R common
occlusion (1) 10 days femoral artery. Estimated age of octlu-
swons (1) 9 days, (2) 5 days
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Fig. 28 (Case No 25) Embolism of Fic 25 (Case No 29) Embolism of L
aorhic bifurcation  Estimated age of  common 1liac, L common femoral and
occlusion (1) 3§ hours. L.and R superficral femoral arteries
Estimated ages of occlusions (1) 46
days, (2) 46 days; (3) 1 year, (4)

1 year.
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F1G. 30 (Case No, 30) Embolism of
aortic bifurcation and R. popliteal
artery. Estimated ages of occlustons.

(1) 1-4 months, (2) 1-4 months.
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Fio 32 (Case No f7)
aortic bifurcation
occlusion

(1) 6 days

Embolism of
Estimated age of
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Fic 3t (Case No 31) Embolism of
aortic bifurcation and R common
femoral artery,  Esumated ages of
occlusions, (1) 6 days, (2) Unknown

EATE OF \INBS INDETERMINATE

FiG. 33 (Case No. 64) Muluple em-

bolisms w the lower hmbs  Estimared

ages of occlusions. (1) ta (7) A few
hours, (8) Unknown

163



AN 2N

NO_GANGRENE O GANGRENE NO_GANGRENE NQ_GaNGREME

F1G, 34 (Case No 69). Embolismof L Fi6, 3¢ (Case No 75) Multiple em-
common hac and R external thac  bolismsof both lower mbs  Estimated
ages of

arteries

ages of All unknown

(1) tyear, (1)1 year
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Ft 36 (Case No. 76) Embolsm of L. Fra. 37 (Case No, 81)  Embolim of
common tiac, internal hac and ex- aortic bifurcation. Estimated age of
ternal thac artertes, Estimated ages of occlusion (1) 4 weehs.
occlusions (1), (2), (3} 2 months;
(4) Unknown
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Appendix II

CLINICAL CASE MATERIAL

In Appendix I, the general nature of each case of the climical series is indi-
cated by a bricf epitome of the record. In addition to 69 cases of arternl em-
bolism, with a total of 122 separate incidents of hmb embolism, 12 cases of
non-embolic arterial occlusion are included, as they illustrate certain problems of
diagnosis and prognasts.

The cases are numbered consecutively in the approvmate chronological
order of therr admussion to hospital. The 12 cases of non-embolic arterial
occlusion are Nos. 18, 19, 24, 26, 32, 33, 35, 40, 41, 43, §7, 71.

CiseENo. 1, FAC g8 years. (F) Admutedto MEH, 157 38

A worman of 58 years, suffering from mutral stenosts with auricular fbnillation but
in good condition and without heart failure, who had embolism of the bifurcation of the
aorta. Though the onset of symptoms was not very sudden, severe * shock ' developed
within g hours At this time the blood-pressure was high (199/130), though subsequent
autopsy showed no evidence of essential hypertension  (The history suggests that she had
a prior embolism 1n the left lower limb a few weeks earlier, with spantaneous recovery

Gangrene of both lower Iimbs ensued and the patient died five days after the onsct
of symptoms Autopsy

CaseNo 2. EP 65 years. (F) Admurted o M EH , 32 39

A woman of 65 years, suffering from mitral stenosis with auricular fibrillation and
congestive heart failure. She developed night brachial embolism, accompanied by
syncopal symptoms, and died within twelie hours  The patient did not survive long
enough for the fate of the limb to be assessed, but up to a few hours before death, despite
general errculatory collapse, the ischaemic signs were not severe  Autopsy

CseNo 3 AW 40 years. (F) Admitedto MEH, 246 39

A woman of 40 years, suffering from mitral stenosis with aurtcular fibnillation and
treated for congestive fatlure by rapid digitalisation  Two days after the beginning of
treatment she had embolism of the bifurcation of the aorta. The onset of symptoms
was gradual and they were mild, with hardly any pun A very weak pulse returned in
the night femoral artery one month after the embolism, The 1schacmic signs were only
moderate and rapidly improved and both limbs survived with mmimal dermal necrosis
at the Testing-points of the beels  Thus healed and she recovered farely good function 1n
both limbs, though liable to coldness and cramps 1n the legs in cold weather.

Four years after the embolism, weak pulses had returned at both groins but not
elsewhere 1n esther limb
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CaseNo 4 W.ECT. 22years. (M) Admitted to M E.H., 24.10.41

A man of 22 years, suffering from acute preumococcal endocardrtis, who had
embolism of the bifurcation of the aorta  He survised ten dags before dying of the
endocardstis, and though function was mpaired in the lower Iimbs, especially the night,
no gangrene ensved  (Fig. 26 )} Auwtopgy.

Case No 5. WH. g8years (M) Admuedro P.H., 78 43

A man of 88 years, suffering from hypertensive heart disease with auricular fibrilla-
tion, who had acute 1schaemic syndrome 1n the left lower imb. Thss resulted n gangrene
to mud-thugh, with death four days after onset.  The only recent thrombus was found in
the left external ilac artery, filling the segment enclosed between two much older and
firmly adherent thrombi occluding the 1liac and femoral. There wasalso
an occlusion of long standing m the night brachial artery, but no 1schaemic signs were
present tn thes hmb.

This was probably a case of * relapsing ischaemic syndrome ’, due to fulure of 2
previously adequate collateral crreulation and preeipitated by general latary fatlure.
Auopsy

Case No 6 BM  gryears (F) Admutedto P H, 19 12.43

A worman of 41 years, suffering from mitral stenosis with auricular fibrillation, who
bad embolism of both kidneys with very severe reflex vomiting, proceeding to acute
dilatation of the stomach. A few days later she had embohsm of the bifurcation of the
aorta  During the first 24 hours the femoral pulses remamned palpable, though weakened,
and the case was wrongly diagnosed as bilateral femoral emboltsm. Collateral circulation
appeared adequate for three days but then suddenly failed and bilateral gangrene ensued,
the patient dying of this 11 days later  Auvtopsy.

Case No. 7 LRJ sgyears (F) Admnedto PH, 26.7.44

A woman, suffering from mitral stenosis with auricular fibrillation, who from the
age of 44 years had a number of embolic incidents.  The first occurred in the right lower
Limb, with rapid spontaneous recovery Three weeks later she had embolism of the
right commeon thac artery (the embolus appears to have haited for a time at the bifurca-
tion of the 2orta) Embolectomy was petformed 3} hours after onset, with restoration
of the femoral pulse, but though no gangrenc ensued there was very severe Ischaemic
damage to the leg muscles, resulting in fibrotic contracture and permanent paralytic foot-
drop  The right femoral pulse gradually disappeared three weeks after operation and
never returned

During the next two years there were two cercbral and two svisceral embobic
syndromes and three separate attacks of 1schaemic symptoms in the lefe lower himb.
There was transient loss of the left femoral pulse in the first two attacks and permanent
disappearance some time after the second.

Case No. 8. ] S, 65 years (F) Admuteed o P.H., 26 1.45
A woman of 65 years, suffering from mutral stenosis with auricular fibrillation,
operated upon for bilateral common thac embolism 6} hours after the ouset of lSL:h:emlC
Brlateral embol y was performed and strong and Jasting pulsation vas
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restored 1 both femoral arteries. No pulsation returned in the popliteal and foot
arteries and gangrene of both legs ensued, necessitating bilateral amputation.  There was
a history of transient 1schaemic symptoms in the left leg three years previously and after
amputation an old-standing embolus was found at the lower end of the left popliteal
artery.

In addition to the bilateral common iliac embolism, there must also have been
occlusion of both comtmon femoral arteries  The failure of return of the popliteal pulses
after restoration of the femoral pulses should have enabled this ta be recognised av
operation

Case No. 9. F.RH. ggyears. (M) Admucedto P H, 7.5.45

A man of gg years, suffering from mutral stenosis with subacute bactersal endo-
carditis, who had embolism of the right common femoral artery with ischaemic symptoms
of only moderate severity, By the third day, the collateral circulation appeared quite
adequate and remained so until the ninth day, but as the patient’s general condiion
deteriorated it faled and gangrene of the foot ensued, three days before death.  Autopy

CasENo. 1o EAA. g8yers. (F) Admwredio PH, 11.5 45

A woman of ¢8 years, suffering from mitral stenasis with auricular fibrillation, who
had (at uncertamn intervals) successise embolic occlusions i the right superficial femoral,
night deep femoral and left common femoral arteries. In each case the imb recovered
quickly without gangrene

Three weeks after the left common femoral embolism, she died suddenly from
impaction of a large aunicular thrombus 1n the stenosed ritral valsular orifice  Autopsy.

Case No 15. FS. 33years (F) Admutedto P.H, 11 545

A woman of 33 years, suffering from mutral stenosis with auncular fibnillation,
admitted to hospital for congestive failure and treated by rapid digitalisation,  She
developed symptoms of over-dosage and four days later had embolism of the right
axillary artery A weak pulse could be felt m the brachial and radial arteries for several
days, but these pulses finally disappeared and did not return up to the time of discharge
from hospital, s1x weeks later  The ischaemic symptoms were very shight and lasted
only one day.

Case No 12 AMcB  goyears (M) dAdmicedwoPH, 78 45

A man of so years, suffering from thyrotoxicosis with auricular fibnllation and
congestne heart fatlure, treated by rapid digitalisation.  After two doses of digoxin he
had embolism of the nght brachial artery  The 1schaermic signs were not severe and
cleared up completely n two weeks A weak radual pulse returned six weeks after the
embolism and the circulation m the hmb remained adequate until the patient’s death
from heart faillure, more than three months later, Autopsy

CaseNo. 13 DEJ  s3years. (F) Admutsed to P.H, 19.11.45
A woman of g3 years, suffering From mitral stenosis with auricular fibnilation,
admitted to hospital for embolism of the nght common femoral artery. Five years
earlier she had had cerebral embolism and, probably at the same time, embolism of the
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left external iliac artery  No gangrene had ensued and the ischacmic symptoms probably
escaped attention owing to the co-existing left hemuplegia.

The 1schacmic symptoms 1n the right leg were only of moderate scverity and the
Limb survisved for nearly two weeks after onset A further cerebral embolism followed
and the patient died 19 days after admission to hospital ~ Extrasasation staining appeared
1n the nght leg and foot shortly before death  Autopsy.

CaseNo 14 JE goyears (F) Admutedto PH, 27.11.45

A woman of 5o years, suflering from mutral stenosts with aurtcular fibnllation, who
had embolism (probably almost simultaneous) of the bifurcation of the aorta and the right
common femoral artery, followed by successive embolism of both internal carotid
artertes,

During the first few days, both femoral pulses and the left pophiteal pulse remained
palpable and this led to an erroneous d of 1 bolism of the nght
common femoral and left popliteal arteries  The femoral pulses subsequently dis-
appeared but the 1schaemic signs were only of moderate sevenity and improved rapidly.
Up to the ninth day after onset, when the patient died of the second cerebral embolism,
the circulation 1n both legs remained good  (Fig. 27 )  Autopsy

CaseNo 15 GP  43years (F) Admued to PH., 412 4y

A woman of 43 years, suffering from mutral stenosis and aortic incompetence with
auricular fibrillation and over-dosage of digitalis, who had acute ischaemic symptoms in
the left lower imb  There were mcomplete and variable pulse deficienctes in both lower
Limbs ~ The ischaemic symptoms were slight and cleared up in a few days, femoral
pulsation, though reduced in volume on both sides, was present for at least 17 days after
the onset of the ischaemia

Eighteen months later, both femoral pulses were found to be absent
probable from the istory that there was more than one embolic mncident, but the sites
of the embolisms were not clearly established

It seems

Case No. 16, VI g8years (F) Admtted to P H , 29 12,45

A woman of g8 years who had anterior myocardial infarction with intraventricular
thrombosis  Ninc days later she had an acute ischaermic syndrome in the right arm, with
suppression of the brachul and radial pulses  The 1schaemic symptoms were not severe
and cleared up completely 1n three weeks, with return of the brachial and radul pulses

Nearly five months later the pattent died of the heart disease and at autopsy no
evidence of arterial occlusion could be found in the right upper imb, This 1s an example
of * pseudo-embolism ', Ausopsy.

Case No. 17. S.M. 32ycars (M) Admittedto P.H., § 3.46

A man of 32 years, suffering from old rheumatic sortic and mitral valvular disease
with subacute bacterial endocarditis, He had embolism of the right popliteal artery and
this caused little or no disturbance of the circulation of the himb.  Autopsy.

Case No. 18, | W. 76 years. (M) Admuedto P.H, 30 546
A man of 76 years, suffering from arteriosclerotic cerebral vascular degeneration,
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who died of broncho-pneumonia, A few days before death, pulsation disappeared m the
brachial and radial arteries, first on the left side and then on the right, but the ischaemic
signs were very shght and transient.

At autopsy, the arterial occlusions were found to be due to a subacute arteritis of
rare type, affecting the axillary and brachul arterses on both sides, with recent throm-
botic closure of the right brachial,  Autopsy.

CaseNo. 19, S.S  8gyears. (F) Admuted to T.H., 9.9.46

A woman of 85 years, suffering from extreme atherosclerosis, with aneurysmal
dilatations of the abdominal aorta and the left superficial femoral artery. The femoral
aneurysm became occluded by thrombosis with resulting gangrene of the foot. The
patient died of broncho-pneumonia a few days later.  Autopsy

Case No. 20. AM.R, g years. (F) Admitred to W.H , 3.9 46

A woman of 7¢ years, suffering from auricular fibrillation, who was treated by rapid
digitalisation and developed signs of over-dosage, The heart reverted to sinus rhythm
and five or six days later there was an embolic occlusion of the left brachial artery.
Embolectomy was performed at 2} hours, but there was no restoration of pulsation in
the radual artery  The 1scl ymp were of mod; seventy and cleared up in
a few weeks,

Aurncular fibrillation recurred and four months after the brachial embolism there
was simultaneous embolism of the right femoral and left popliteal arteries  Gangrene
ensued 1n the right leg and the limb was amputated (It had been treated 1n a slightly
elevated position, which may have been harmful.) The left leg survined but showed
mimor chronic 1schaemic symptoms for some months

Pulsation returned i the left brachial and radual arteries about 2} years after the
occlusion

CaseNo 21 SS  g3years (M) Admittedto WH, 18 11.46

A man of 53 years who had a prolonged attack of auricular paroxysmal tachycardia.
After several days 1n the attack, he had embolism of the night common 1liac artery and
was admitted to hospital three days later  The histary suggests that the embolus
had first occluded the aortic bifurcation and had then rugrated into the right common
iliac

Treatment with papaverine had no effect and severe pan persisted in the foot, with
signs of 1schaemic damage 1n the muscles of the leg.  The viability of the Limb was n
doubt for nearly three weeks, but the shin of the foot then became gangrencus and the
Iimb was amputated below the knee

Case No 22 AS  gyyears (F) Admited o W H, 28 3.47

A woman of ¢7 years, suffering fram mutral stenosis with auricular fibrillation and
preumonia, who had embohism of the bifurcation of the aorta  She was admitted to
hospital about 30 hours Jater and pulsation was then felt in the femoral and pophiteal
arteries on the right side but not on the left. An erroncous diagnosts of stmultaneous
left common thiac and right popliteal embolism was made,

Gangrene of both lower limbs ensued and the patient dued of this 25 days after the
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onset of the ischaemic symptoms.  The right femoral pulse remained palpable up to three
days before death.  Autopgy.

Case No 23, BD  joyears (F) Admuted 1o W H., 12.4 47

A woman of 7o years, suffering from hypertensive heart disease with aurcular
fibrillation and bronchitis.  While in hospital she had an occlusion of the night femoral
artery (possibly embolic, possibly thrombotic) ~ She complained of pan 1 the limb,
but the 1schacmic symptoms were not severe, attracted little attention, and cleared up
1n a few days

Nearly four weeks later she had occlusion of a branch of the superior mesenteric
artery.  Two days later, apparently as a result of the collapse and fall of blood-pressure
caused by peritonitis, the collateral circulation 1 the night leg, previously adequate,
failed and an acute 1sch syndrome developed quite suddenly i this imb

This 1s an example of * relapsing ischaemic syndrome °, simulating 2 more recent

arterial occlusion  Auropsy.

Case No 24, WS, g2years (M) Admutted to W.H, 18.4.47

A man of 42 years who had excision of a speaific ancurysm of the right poplireal
artery, preceded by lumbar 1 tomy  The isch signs afier of were
only moderately severe  They became worse when the limb was cooled for some hours
by an electric fan and 1mproved at once when this was discontinued

The hmb recovered well and subsequent arteriography showed 2 free collateral
arrculation

Case No 24 WP 62years (M) Admntted to W H , 30 4 47

A man of 62 years, suffering from mitral stenosis with auricular fibnllation, who
had three cerebral embolisms over a pertod of seven years  Shortly after the last of these,
he had embolism of the bifurcation of the aorta  There were severe collapse symptoms
and both lower limbs rapidly became gangrenous to the groms  The panent died 35
hours after the first symptoms of the aortic embolism  (Fig 28 ) Auropy.

Case No 26 CPG  goyears (M) Admured to W H., 2.4.47

A man of 4o years, previously quite well, who had a fracture of the sacrum in close
proximity to the left common iltac vessels A few days later he began to have repeated
slight pulmonary embolisms ~ During the following 2} years he had recurrent attacks of
vascular thrombosis, both venous and arterral, involving the superfictal vens of both legs
(* thrombo-phlebitis migrans '), the deep veins of the left leg and the man artersal
trunks of both lower limbs, first occlusion of the left superficial femoral artery (7}
months after the accident) and later occlusion of the right external thac artery (13 months
after the accident). The imtial 1schacmic symptoms m both lower Limbs were shght
and rapudly improved, but intermrttent claudreation deseloped and persisted in both legs

Excluding the remote possibihity of * paradoxical embolism *, this appears to be a
case of * phlebo-arteritis *, in its clinical course closely resembling Buerger's disease but
difficult to dissociate from the njury,
Case No. 27. G W. 75 years (M) Admited to IW.H , 19 9.47

A man of g years, suffering from coronary atherosclerosis with aurcular fibnllation
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and congestive heart failure, who had embolism of the right common femoral artery and
probably of the left upper popliteal artery, followed at an uncertain intenal by embolism
of the aortic bifurcation.

He Iived for three weceks after the first symptoms of hmb embolism and despite
increasing heart failure no gangrene ensued.  Autopg .

CaseNo, 28. D.T 3o years. (F) Admmed o WH , 9 8.47

A woman of 30 years, suffering from mitral stenosis and subacute bacterial endo-
carditss, who had bilateral pophiteal embalism without any treatment. No acute onset
was bered, 1schaemi h were very slight and recovery was complete

She died six months later of cardiac fatlure, the circulation in both legs remaning
good to the end.  Auropy .

Case No. 29 M. ggyears. (F) Admuted 0 W H., 20.9.47

A woman of g8 years, suffering from mitral stenosis with auricular fibnllation,
sursived bilateral embolism of the superficial femoral arteries, untreated, with perfect
functional recovery in both Limbs  One year later she had symptoms suggesting abdommal
visceral embolism and was admtted to hospital  Treatment with digitalis was mstituted
and symptoms of over-dosage appeared A few days later she had embolism of the left
retinal artery, followed two days later by two embolic occlusions of the man arternl
trunk of the left lower ltmb, one 1n the common iliac and one 1 the common femorat.
The ischaemic symptoms were not severe and cleared up completely i 2-3 weeks.
(ig. 29.)

Forty-two days after the 1hac embolism she had a cerebral embohism, which cansed
death four days later.  Autopyy

CaseNo jo. M. g3years (F) Admutted to WH, S 10 47

A woman of 73 years, suffering from myocardial fibrosis with auricular fibrillauon
and congestine heart falure After imital improsement the failure recurred, affecting
particularly the left wentricle (pulmonary oedema and mental confusion)  The patient
then developed acute 1sct ynd of both lower limbs, with extensie gangrene
of the night one, and died four days after onset of the 1schaemic symptoms  The leftlower
Iimb appeared to be surviving up to the day of death, when signs of inciplent gangrene
appeared in the foot

Autopsy showed embolic occluston of the aortic bifurcation and the night pophiteal
artery. Both these occlusions were obuiously of at least some weeks” standing, but there
was extensive consecutive thrombosis of more recent date (Fig 10and Fig. 30 )

This 15 an example of * relapsing 1schaemic syndrome 7, due to failure of 2 previously
adequate coll; \| 1 and probably pitated by heart failure. Autopsy,

CaseNo 31 AMO  74years. (F) Admteed 1o W H., 29.10 47

A woman of 74 yeats, suffering from hypertensive heart disease, myocardial infarc-
tion and auricufar fibrllation S t days after the dial infarction she had
embolism of the bifurcation of the aorta  She was admitted to hospital four days later
and then had bilateral gangrene, much more extensive on the left side than on th
She died on the sixth day after the embolism.,
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Autopsy revealed that she had an old-standing occlusion of the right femoral artery,
possibly embolic. The gangrene resulting from the aortic embolism was much less
extensive on the side with the older occlusion of the femoral artery  (Fig. 31.) Autopy.

Case No 32. ]J 48years. (M) Admutedto WH, 13.12.47

A man of 42 years, suffering from hypertension, 1n 1942 developed chromc indolent
ulceration of the left leg, for which the limb was amputated mn August, 1547 Soon
after this he began to suffer 1schaemic symptoms in the right leg, culmunating in localised
gangrene of the foot  Both femoral pulses were then found to be absent (earlier records
of the imb pulses are incomplete, but pulses were recorded as present in both fect 1n
1946). The night lower imb was amputated through the thigh in January, 1948 A
few months later all pulses disappeared 1n the left upper himb, without any ischaenuc
symptoms

This may have been a case of Buerger’s disease  Histological examination of the
artenies of the amputated right lower limb lent some support to this view.

Case No 33 WC 62years (M) Admitedto WH, 2012 47

A man of 62 years, suffering from artertosclerotic disease of both lower Iimbs with
right popliteal aneurysm  The left superficial femoral artery became occluded by
thrombosis, producing an acute 1schaemic syndrome  He was admutted to haspital four
days after onset of the 1sch ym The 1sch was severe and there was
permanent paralysis and fibrosis of most of the muscles below the knee, but the only
necrosis was limuted to the tips of two toes and this healed

Fifteen months later, the nght-sided popliteal ancurysm became occluded by
thrombosis and the 1schaemic symptoms on this occasion were shght and transient  The
Iimb recovered m three weeks and the patient returned to his work

Case No 34 EC 6gyears (F) Admttedto WH, 241 48

A woman of 65 years, suffering from hypertensive heart disease with aunicalar
fibrillation and congestive heart failure  After four days’ treatment with digitahs and
dinretics she had acute 1schaemic syndrome 1n both lower limbs, probably due to em-
bolism of the right femoral and left iliac arteries  The nght lower hmb recovered
rapudly, but the left foot became gangrenous and there was severe 1schaemic damage to
the muscles of the surviving part of the imb  Autopgy

Case No 35 T.C. joyears (M) Admutedto WH, 16.4 .48
A man of 7o years, suffering from old myocardral infarction and congestive heart
falure, who developed auricular fibrillation A few days after onset of the arrhythmna
he had acute 1schaemic syndrome i both lower limbs with bilateral gangrene, from
“which he died in four weeks. Autopsy showed arterial occlusions of arteriosclerotic
type, which had obviously been present far longer than the duration of the acute ischaemic
symptoms ; , )
This was probably an example of delayed 1schaemic syndrome *, resulting from
fously ad llateral and | d by the sudden

failure of 2 p q P

deterioration of the heart condition  Autopy.
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Case No, 36. M.AH. goyears. (F) Admiteed 1o W.H., 27.4.48
A woman of go years, suffering from mitral stenosis with auricular fibrillation, who
had simultaneous embolism of both femoral arteries and received no treatment  The

jmitial ischaemic symptoms were of moderate severity but rapidly subsided, and both
linbs recovered in 2~3 weeks.

CaseNo.33 AET. 73 years.  (F) Admitted to W.H., 19 5.48

A woman of 73 years, suffering from hypertensive heart disease with auricular
fibnllation  Five weeks after a cerebral embolism she had embolism of the left super-
ficial fernoral and nght pop\nen\ arteries, The pophteal embolism caused no symptoms,
but as the heart condition deteriorated a gangrenous ulcer appeared on the left leg and
spread vapidly  Despite amputation of the limb the general condition continued to
decline and the patient died four weeks after the operation.

At autopsy a further occlusion was found 1n the left deep femoral artery; 1t appeared
to be much older than the other two occlusions  Autopyy

CaseNo. 38 AB  48years (M) Admieed 10 W.H, 3.7 48

A man of 48 years, suffering from mutral stenosis with regular heart rhythm, who
had a cerebral embolism  Three years later he had embolism of the left hac artery.
The 1schaemic symptoms and signs were not sexere, but a small mdolent ulcer appeared
on the foot  This eventually healed and the limb recovered completely.

CaseENo 39. JC  gayears (M) Admted to W H., 20 9.48

A man of 72 years who recovered well from a myocardial infarction  Five months
later, while suffering from broncho-pneumonta, he had embolism of the left brachial
artery  The 1schaemic signs were shight and the bmb recovered rapidly  Forty-two days
later the patient died of a second attack of broncho-p The k of the
left arm remained adequate to the end  Autopsy

CaseNo 40. FWW  66years (M) Admieedto WH, 219 48

A man of 66 years with a large arteriosclerotic aneurysm of the right popliteal
astery  This became occluded by thrombosts, causing an acute 1schaemic syndrome,
which resulted 1n gangrenc of the lower leg and foot. The lmb was amputated and the
patient recovered well

CaseNo 41 MT  joyears (F) Admutedto WH, 22.9.48
A woman of 7o years, suffering from hypertensive heart disease with regular heart
rhythm and from pneumonta, who had acute occlusion of the left common femoral

artery, possibly embolic  Gangrene of the leg and foot ensued and the himb was ampu-
tated  The patient recovered well,

CaseNo 42 MR 26 years, (F) Admutted to W.H | 26,10 48

A woman of 26 years, suffering from mutral stenosts, aortic stenosis, auricular
fibrilation and 1ntractable heart falure. Routine examination showed absence of both
pulses in the left foot, but she could remember no 1schaemic symptoms,

At autopsy, nime months later, an old embolism was found at the bifurcation of the
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left popliteal artery. Post-mortem arteriography showed that this was causing no serjous
obstruction to the crrculation of the hmb (Figs. 1, 2, 3.) Autopsy.

CaseNo. 43. EH. 83years. (F) Admuted o W.H | 12.11.48

An example of * delayed ischaemic syndrome °, produced by left ventricular failure
in a woman of 83 years, suffering from bypertensive heart disease, coronary arterio-
sclerosis and severe anacmia  She had occluded poplitcal arteries of at Jeast some months’
standing  The collateral circulation, previously adequate, faled with the falling
blood-pressure, and tlus produced an acute ischaemic syndrome 1 both lower limts,
simulating recent arterial occlusion.  Autops

Case No 44. AP 6oyears. (M) Admmeed to W H., 22.11.48

A man of 60 years who had myocardal infarction with congestive heart fatlure and
developed embolism of the left posterior tibsal artery  This caused transient pam but
no severe 1schaemic symptoms  Two months later he had a further embolism in the
same himb, occluding the popliteal artery duately proximal to the old occluston 1n
the posterior tibial - The second occlusion caused more severe 1schaemic symptoms, but
these cleared up completely within two weeks, despite progressive cardic failure, of
which the patient ulimately died  Pulses were also noted to be absent in the right foot,
though the patient never complained of any symptoms mn this hmb  Autopsy showed an
old occlusion 1 the right popliteal artery also  Autopsy

Case No 45 ET 79 years  (F) Admitted 10 IV H , 17 12 48

A woman of 79 years, suffering from hypertensive heart discase with auncular
fibnllation, who had simultaneous embolism of the right common ihac and left upper
popliteal arteries. Nine and a half hours after the onset of the 1schaemic symptoms,
embolectomy was performed on the right sede, apparently successfully, with restoration
of the pophteal and foot pulses  Soon after operation the right common 1liac was again
occluded by a further embolus and gangrene of the Limb ensued

The 1schaemic signs in the left loner Imb were at first not very severe, but as
gangrene deseloped in the right leg the left leg deteriorated also and gangrene appeared
m the foot  Autopy

Case No. 46 E.T 61 years. (F) Admttedto WH, 28 3 49

A woman of 61 years, suffering from mitral stenosts with auricular fibrillation and
congestive fulure, who had separate embolic occlusions of the left superficial femoral
and lower popliteal arteries, the deep femoral remamning unobstructed. She died of
heart fulure, accelerated by ntraperitoneal haemorrhage resulting from d:coumzr?l
poisoning. The 1schaemic signs 1n the limb were severe and dermal necrosis occ’urred in
the tips of the toes, but the remamder of the hmb survived up to the patient’s death,
three wecks after the onset of 1schaemic symptoms.  Autopyy.

Casr No. 47. M O'B. g3 years. (F) Admned o W.H., 2.4 49
A woman of 47 years, suffering from mitral stenosis with auricular fibrillation,
2dmutted to hospital for cercbral embolism.  She was treated by rapid digitahsation and
after 8 days’ treatment showed symptoms ;f over-dosage, ‘Three days later she had
17
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embolism of the aortic bifurcation, The right femoral pulse was suppressed, but the
left, though weakened, remamed palpable for four days  Gangrene of the night foot and
Tower leg ensued and the patient dicd of mesenteric embolism six days after the aortic
embolism.  The left lower imb sunned up to death  (Fig 32.) Auropy.

CaseNo. 48 BR. 71 years, (M) Admuted o WH, 12.5.49

A man of 71 years, suffering from acutc miliary tuberculosis of the lungs and tuber-
culous pericarditis with heart falure and feeble peripheral circulation.  One day before
death he developed acute 1schacmic signs in the left leg and foot, At autopsy, the left
upper popliteal artery was found to be occluded by a compact thrombus having the
appearance of an embolus. No cardiac source of possible embolism was demonstrated,
but there was an atheromatous ulcer 1 the left common femoral artery  Autopsy

Case No 49 MER. g8 years. (F) Admutedto WH, 14549

A woman of 58 years, suffering from mitral stenosis and auricular fibniilation, who
developed symptoms of over-dosage of dipitalis A few days later she had embolism of
the left femoral artery  The 1schaemuc symptoms and signs were shight and transient
and the limb recovered 1n two weeks

CaseNo so MMS  g3years (F) Admetedto WH, 24 549

A woman of g3 years, suffering from mitral stenosis with auricular fibrillation,
under satisfactory control by digitalis for two years  She had an attack of severe diarrhoea
and three days later there was an embolic occlusion of the left common tliac artery. The
ischaermc signs were of moderate seventy, but cleared up completely 1n two to three
weels,

Sixteen months later she had embolism of the right common femoral artery, which
caused only minor symptoms, but two days after this there was an embolism of the
bifurcation of the aorta  The 1schaemic signs in the Iimb with the old common ihac
occlusion (lefty were trivial, and this led to an erroneous conclusion that the new
occlusion was 1n the nght common 1liac artery  The ischaermia 1n the night hmb was
grave, and despite early treatment with heparn and papavenine there was gangrene n
the foot and lower leg  The patient recovered after amputation through the thigh

Eighteen months after this she had a cercbral embolism and after a further two years
an embolism of the left brachial artery  The ischaemic signs m this imb were shght
and transtent, and a weak pulse returned 1n the radnal artery 1n five days

She died of a new cerebral embolism four months later  Autopyy

CaseNo. 51 DEC. 29years. (F) Admgedto WH., 76 49

A woman of 29 years, suffering from mutral stenosis with auricular fibrillation, who
died of congestive heart failure  She was found to hate old emboli in the right common
thae, right common femoral and left popliteal arteries.  According to her history, the
tschaemic symptorns had been shight and transient  Autopsy.

CaseNo 52 AJ 28 years  (F) Admuted to W.H, 6 7.49
A woman of 28 years, suffering from subacute bacterial endocarditis, who had
embolism of the right common femoral and left common iliac arteries  The ischaemic
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symptoms sere not sery severe and soon subsided. About six months later she had
embolism of the bifurcation of the aorta  The symptoms then were more severe, but
improved and the patient was able to walk a little for a further two weeks.

About three weeks after the aortic embolism, owing to the advancing heart disease,
the general condition became much worse and the blood-pressure fell to a very low lesel,
Gangrene of the lower legs and feet then ensued and the patient died 10 days later.

This was an example of * relapsing 1schaemic syndrome *, produced by failure of a
previously adequate collateral circulation when the general blood-pressure suffered a
severe fall.  Autopsy.

CaseNo g3 LEV. j3years. (F) Admurted o W.H , 12.7 49

A woman of 73 years, suﬁermg from hypertensive heart disease and old myocardul
infarction with auricular fibrillation, who died of cerebral embolism, At some time
before death (date uncertain) she had occlusion of the right lower brachual artery,
probably embolic  The ischaemic signs, which were shght, appeared only shortly before
death and were probably due to * relapsing 1schaenuc syndrome * 1n a moribund patient
Autapsy

Case No. g4 AMH  g6years. (F) Admuted 10 W.H , 17.7 49

A woman of 56 years, suffering from thyrotoxicosis with auncular fibrillation, who
had embolic occlusion of the left aillary artery  Though the brachial pulse remained
palpable for three days, the 1schaemic signs were very severe and gangrene up to mid-
forcarm ensued.  The patient recovered after amputation of the limb.

Case No ¢5 EEE joyears (F) Admtted o WH, 68 49

A woman of 79 years, suffering from hypertensive heart disease with aynicular
fibrillation, who had sudden hemipl and embolism of both femoral arteries,
probably occurring about the same time  Gangrene of the low er leg and foot ensued on
the night (hemiplegic) side, but it seems to have come on gradually, after a delay of
several weeks, and may have been due to the declinmng general condition (‘ delayed
1schaemic syndrome ’)  On the left side, though the mternal ihac artery was occluded
as well as the common femoral, the mb survived up to the patient’s death, several weeks
later  Avtopsy

CaseNo ¢6 A JH. 78years. (F) Admuted o WH, 20.8.49

A woman of 78 years, suffering from myocardial nfarction with ntermuttent
auricular fbnllation.  One month after the nfarction, she had embolism of the left
axillary artery and the right femoral artery, occurring almost simultaneously. The

were mod ly severe, but rapudly improved and cleared up

isch
isch:
almost complctrely m three to four weeks.
Case No. g7. EB. g6years. (F) Admutted 1o W H., 19 9 49
A woman of g6 years, suffering from deep thrombo-phlebitis of the left lower Iimb

ath recurrent pulmonary embolism. Thrombosis of the main deep veins was accom-
- acute 1schaemic syndrome in the same hmb. The pulses were sup-
cillations were reduced and the mb became cyanosed.
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The ischaemic symptoms, apparently due to artenal spasm, receded rapidly under
treatment with papaerine and anticoagulants and the artenial pulses soon returned.  The
subsequent course was that of a stowly resohung deep vetn thrombosis.

Cast No. ¢8  K.K. 38years (F) Admiteed 20 W.H., 27.10 49

A woman of 38 years, suffering from rheumatic mitral and aortic vabular disease,
but with regular heart rhythm, became over-digitalised, and while m this condution she
had a cercbral embol accompanied by embolism of the right brachial and right
popliteal arteries, There were no noteworthy sschiemic symptoms or sigms, and the
distal pulses returned in both limbs two to three weeks later

Cast No. 59. C.McL  6pyears (F) Admued o WH., 12,1 50

A woman of 65 years, suffering from rheumatic mitral stenosis and aunicular fibnifa-
tion, combtned with syphilitic dhisease of the aorta and the larger limb arteries and eten
sive thrombosis of the aorta  Digitalis treatment was initiated and soon afterwards she
had acute sschaemic syndromes, first in the left arm and subsequently m both fower
Jrmbs stmuh Iy, The isch ymptoms » e7€ not very severe, and despite increas-
g heart farlure all three affected hmbs surined, though there was a necrotic ulcer in
the pressure area of the lefr calf At autopsy, occlusions, probably embohic, were found
1 the left common sltac and right popliteal arteries  No occlusion was found in the
arterjes of the lcft arm, but they showed extensive syphilitic changes,  Autopg; .

CaseNo. 6o | P gyyears (F) Admuzed w0 W.H , 156.50

A woman of 57 years, suffering from mitral stenosts with subacute bactenal endo-
carditts, who had embolism of the left axillary and left popliteal arterics  The 1schaemic
symptoms in the upper hmb were mild and cleared up completely mn four weeks. The
radua pulse returned in three days, but oscillometric readings were stull much reduced
three weeks later  The popliteal embolism caused no symptoms whatever and the dorsal
pedal pulse returned in two days  The panent recovered under treatment with pencitlin.

CaseNo 65 HR  68years (F) Admmedo WH, 68 50

A woman of 68 years, suffering from mutral stenosis with auncular fibrillation,
comphicated by hypertension, arteriosclerosis, bronchitis and diabetes mellitus. She
had multiple occlusions of the lower limb arteries, and the multiphcity and situations of
these occlustons, together with the evidence of visceral embolism, indicated that they
were embalic.

She had severe chromic ischaemic symptoms for many months, but escaped gangrene

m the left leg and developed 1t only termunally mn the right, when dymg of bronchitis and
heart farlure  Autopy.

CaseNo 62, FP g9 years  (F) Adoued w W.H., 10,8 50
A woman of ¢g years, suffertng from mitral stenosis with aurscular fiballation, wha
had embolism of the left common ihac artery  She was admitted to bhospital one day
after onset and treated with hepatin and dicoumarol, but gangrene ensued and the hmb
was amputated It was noted at this trme that the popliteal and foot pulses were absent
10 the right lower himb also, but the 1schaemic signs on this side were shight.
.
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Nine months later she had embolism of the night common 1hac artery. On this
occasion the ischaemic s1gns were only of moderate severity and rapidly subsided within
three weeks.

CaseNo. 63 W.JH 6oyears. (M) Admured 10 W H., 2.4 4.51

A man of 6o years, sulfering from mitral stenosis with auricular fibrillation, treated
for congestive heart faslure  On admission to hosputal, all peripheral pulses were noted
to be present. Thirtcen days later he showed signs of over-dosage of digitahs. Routme
examination then showed absence of both pulses 1 the right foot He appears to have
had asymp ic embolism of the popliteal artery

Case No. 64. HF 3oyears (M) Admutedto WH., 26 51

A man of 3o years, suffering from mitral stenosis with auricular fibrillation ~ After
four months’ trestment with digitalis he had embolism of the aortic bifurcation and
multiple embolisms of most of the main arteries of both lower hmbs.  He died 41 hours
after the onset of the 1schiemic symptoms, and at autopsy nearly all the thrombi were of
sery recent appearance  There was one old adherent embolus 1 the right popliteal
artery. Autopsy

Case No. 65 F.AC g2 years. (F) Admusted o W.H , 10 10.51

A woman of g2 years, suffering from mutral stenosts with auricular fibnllauon,
who became over-digitalised and soon afterwards had embolism of the left common
iliac artery (preceded by transient symptoms of occlusion of the aortic bifurcation),  The
ischaemic symptoms were severe, but soon improved and subsided in a few weeks,

Shght chronic 1sch p have p d for six years,

Case No. 66, M M.H. 64 years. (F) Admuted 1o W H., 24 11 §2

A woman of 64 years, suffering from mtral stenosis with aurscular fibnillation, whe
developed signs of over-dosage of digitals  Soon after this she had an embolism of the
right brachial artery with scl F of mod, seventy  Embol was
performed at six hours, pulsation was restored in the radial artery and the limb rapidly
recovered,

Treatment with digitalis was resumed after operation and further symptoms of over-
dosage appeared.  Sesenteen days after operation the patient died suddenly, and at autopsy
she was found to have cerebral embolism and very recent embolisms of the superior
mesenteric and several limb arterses, Recently formed, unattached thrombi were present

in the left auricle.  Autopgy

Case No. 67. BF 72 years (M) Admitted to W.H., 3.3.52

A man of 72 years with a history of acute gangrene of the nght_ leg m? years pre-
viously, admutted to hospital suffering from left hemiplegia and acute ischaemic syndmr:c
in the left leg. A diagnosis of arteriosclerotic thrombosis was made, but proved to 7
erroneous, for autopsy revealed four separate embolic occlusions of man peripheral
artertes at points of bifurcation, resulung from old myocardial infarction with intra-

cardiac thrombosis, Autopsy.
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Case No, 68. P.JP. 2gyears. (F) Admutedeo WH, 57.52

A woman of 25 years, suffering from mutral stenosis and subacute bacterial endo-
carditis, who had embolism at the bifurcation of the right brachial artery. The symptoms
were mild, but included slight ischaemic damage to the proximal muscles of the forearm.
Recovery of the limb was rapid and complete

Case No. 69. E.D 62 years. (F) Admttedio WH, 5.12.52

A woman of €2 years, suffering from mutral stenosis with auricular fibrillation, had
embolism of the left common 1liac artery, followed by embolism of the night external
tliac, and in each case the Limb recovered well. One year later she had an embobic
occlusion of the right axillary artery, and though the radeal pulse returned within three
weeks there was severe 1schacmmc fibrosis of the muscles of the forearm and hand

Three months after the axillary embolism she died of subarachnoid haemorrhage,
and autopsy showed that there were occlusions of much earlier date at two separate
levels in the right brachial artery In this case the prior occlusion appears to have
aggravated the effects of the later one.  (Figs 4, 5, 6, 34 ) Autopyy.

CaseNo jo HH 64years (F) Admted o WH, 241 53

A woman of 64 years, suffering from mitral stenosis with auncular fibrillatron, and
swith a history of two cerebral embolisms, who had acute ischaemic syndrome in the night
arm, probably due to embolism of the axillary artery  The mtial symptoms were
moderately severe and mcluded slight ischaemtc damage to the thenar muscles, but they
soon mproved and cleared up completely m three weeks  All pulses in the limb had
returned seven days after Onset Both pulses were also found to be absent m the left

foot, but the paticnt d no ymy m this himb

CaseNo 71 ]S 74years (M) Admutedto WH, 9253

A man of 74 years, suffering from arteriosclerosis and hypertension, wha had sudden
severe dyspnoea, precordul pamn and collapse, accompanied by acute 1schaemic signs in
both Jower limbs, where all arterial pulses were found to be absent With recovery
from the acute collapse, the 1schaemic signs regressed but reappeared terminally when
he died of heart fuilure, 27 days later. Autopsy revealed an old thrombotic occlusion of
the aorta, obviously of much longer standmg th the acute sschaemic symptoms  This
was an example of * delayed 1sch , precip d by fatlure of a previously
adequate collateral circulation during a state of cardiac collapse resulting from massne
pulmonary embolism  Autopsy

CaseNo. 72 M McA 15 years. (M) Admtted o WH, 14553

A boy of 15 years, suffering from acute staphylococcal endocarditis, who had
embolism of both popliteal arterres  No 1schaemic symptoms or syms were noted during
life  Autopsy

CaseNo 73. AF. s2years (F) Admited o WH, 30 5.53
A woman of 52 years, suffering from gastric carcinoma and myocardial infarction
with § hrombosis.  She had embolism of the night axillary artery, and though
pulse deficiencies were noted there were at first no schaemic ngns of any severity,
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Twenty-four hours later the general condition deteriorated and there was a sharp fall of
blood-pressure  Soon after this, signs of 1schaemic damage appeared mn the muscles of
the forearm, followed shortly before death by extensive extravasation stammg of the
limb, presaging massive gangrene.  Autopsy

Case No 74. ES. g3years (M) Admed to W.H, 12.6.53

A man of g3 years, sufferng from bronchsal carcinoma with extensive metastases in
lymph nodes and pericardium and complicated by myocardial mfarctton. Thrombt
formed on the mitral valve and there was embolism of the left popliteal artery

At first the collateral circulation appeared adequate but as the pattent's general
condition dechined, gangrene of the ankle and foot appeared, shortly before death It was
accompanted by superficial gangrene of the tip of the nose.  Auzopsy

Case No 75 MT. 68years. (F) AdmutedtoW H,16.11 53

A woman of over 6o years, suffering from mutral stenosts with aurscular fibnllation
and hypertension, who had major embolic occlusions successwe[y i all four imbs. One
of these occlusions, and also a cerebral embohsm, occurred following over-dosage of
digitalis

In the upper limbs the p were of mod sevenity but recovery
was rapid  The patient could ber no 1sch ymp. 1 either of the lower
Iimbs

She deseloped left ventricular failure, gradually deteriorated, and died seven months
after the last of the imb embolisms  The circulation m all four limbs remained good to
theend (Figs. 7, 8, 9, 35) Auropy

h

CaseNo 76 MAM  62years. (F) Admutedto WH., 251 54

A woman of 62 years, suffering from pulmonary and hypertensive heart disease with
aurtcular fibnllation, who had cerebral embol followed b bolism of the left
common 1ltac artery  Gangrene of the lawer leg and foot ensued  After amputation of
the limb she improved considerably, but died of a second cerebral infarction two months
later  Autopsy showed that there had been a prior occlusion of long standing 1n the left
external iliac artery  (Fig 36 ) Autopy.

Case No. 77 CK 66 years (F) Admutedto W H, 9 12 53

A woman of 66 years, suffering from mitral stenosis with auricular fibrillation, who
had emboltsm of both popliteal arteries  The 1schaemic symptoms m the left leg were
shght and transient, but 1n the right foot there was shght superficial dermal necrosis,
which took several weeks to heal. ~ Both limbs eventually recovered completely.

She also had two shght cerebral embolisms and synchronously with the second one
there was an extremely transient 1schaemic episode 1n the left upper hmb.  This resolved
suddenly, with return of the radial pulse, actually while the brachial artery was being
palpated  The sudden improvement may have been due to embolic migration

Case No, 78, LET. 66 years. (F) Admited to W.H., 24.2.5¢
A woman of 66 years, suffermg from hypertensive and pulmonary heart disease with
r fibrllation and congestive failure, who had embolism of the left popliteal

auricula
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artery.  The ischaemic symptoms were of moderate sevenity but rapidly subsided, and
the imb recovered completely. When she was first examined, three days after onset,
the popliteal and femoral pulses were absent, but these pulses later returned, the femoral
at ten days and the popliteal at eighteen days. This indicates that there was spasm of the
artenal trunk, extending proximally from the embolus, but it did not present rapid
recovery,

Three days after admission to hospital the patient had symptoms of over-dosage of
digoxin, and one day later she had embolism of the right superficial femoral artery  On
this occasion there was no evidence of arterial spaism  The symptoms were not severe
and the imb recovercd completely 1n tho weeks  She died of heart failure three months
hater.  (Fig. 24.) Autopsy

CaseNo 79. EN. g1 years  (F) Admuted to W H , 13 8.54

A woman of g1 years, suffering from mutral stenosts with aunicular fibrillation, who
had embolism of the left popliteal artery. The ischaemic symptoms were moderately
severe at the onset, but passed off rapidly, and the Limb recovered completely in a week
A weak pulse returned i the dorsal pedal artery 15 days after onset

CaseNo. 80. |5, 21 years. (F) Admitted 0 WH , 19.9 54

A woman of 21 years, suffering from myocarditis with arrhythmia and intracardiac
thrombosis, who developed congestive farture late i pregnancy and had embohsm of
the aortic bifurcation and the left common ihiac and common femoral arteries

Collateral 1 at first appeared to be adeq but the heart condition
deteriorated and the collateral circulation then falled, with resulting gangrene, at first
in the left leg and termumally in the nght  Autopsy

CaseNo, 81. HW 43 years (F) Admitted to WH , 24 10 54

A woman of 48 years, suffering from mutral stenosis with auricular fibrillation,
under good control by digitalis and without any symptoms of heart falure  She had
embolism of the bifurcation of the aorta and though the 1nitial symptoms were bilateral,
those on the right were mild and transient; this limb recovered completely On the
left side the rschaermic signs were 1utially severe but steadily improved, and nine days
after their onset the limb appeared to be recovering The next day there was a sudden
Tectirrence of “severe 1schaemia and gangrene of part of the foot ensued, 15 days after
‘Onset

A weak femoral pulse returned i the Limb which became gangrenous, but not
the surviving b (Fig. 37 ) Autopsy
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Acetyl-choline, 4
Aetiology of embolism, 20-127, 161
age, 21-22
arrhythmia, cardiac, 22, 23, 24, 161
changing heart rhythm, 24
congestive heart failure, 24-2¢
digitalis, 25-273, 161
exertion, 2¢
general principles, 20~24
heart disease, 22-23, 161
non-cardiac disease, 25
specual factors, 24-27
g e on artertal ¢ L, 119
Agesnatdence of embalism, 12-14, 2122,
64
Amputation, 18
Anastomoses, arterial, 4, 7, 95-97
* precapillary °, 4, 96
Anatomical sites of embolism, 28-31, 47, 161
Anatomy of collaterals, importance for outcome
of embolism, 85, 150
¢ Anischaermic embolism °, 73, 79
Anticoagulant therapy, 4, 8o, 155
Aorta, embolism of, 3, £, 31, 340 42, 44, 48,
49, 5o, §4, 62, 68, 30-72, 7%, 77, 82—
34, 89-91, 135, 163
‘arterial pain’ 1, 49
distinction from bilateral lower himb em-
olism, 71
prognosis 1, 91-93, 163
Archythmaa, cardiac, 12, 14, 17, 22-24, 64,
160, 161
Arterial collaterals—see Collaterals
Artertal spasm—see Spasm, arternal
Arteniectomy, 4, 83, 155
Arteriography, 4, 6, 70
post-mortem, 96~102, 1§51
contrast fluid for, 96, 98, 113
ngection pressure i, roo, 121
interpretation of, tog-113
irnigation of vessels before, 1ot
Artenosclerosis-
artersal thrombosis in, f‘o

Benzyl-imidazoline hydrochloride, 4, 80, 157

Bilateral embolism—symmetry of local result,
7877

Biochemucal tests, 62-63

Blood-pressure 1n embolism, so-gt, 72, 91,
152, 157, 158, 162, 164

Brachial artery, embolism of, 14, 46,
68, 89, 90, 93, 149, 163

42, 6,

* Caillot blanc *, 31, 32
< Carllot prolongé ", 33
Capullary microscopy, 4, 148
Cerebral embolism, 16, 31
masking hmb embolism, 47
Claudication, intermittent, 16, 73, 90
Chimcal matenia) of this study, 6, 7
Coldness of skin in embolism, §3
Collateral circulation, 33, 14, 41, 45,
148152
anatomical basis of, 4, 34, 95-97, 151142
estabhshment of, 149—150
expertments i animals, 149
observation at operation, g2
physiological factors in, 148, 152
Collaterals, arternal, 4, 7, 34,85, 94-97, 113, 15+
age and, 119
artertoscleross and, 120
sex and, 119
symmetry of, 97, 113, 120, 1§1
upper and lower limbs compared, 119
variations 1n, 95-97, 111, 130, 152, 163
Colour changes in skin, §1-53
Consecutive thrombosis, 2, 33-45, 93
distal, 4142
extensive, without gangrene, 43
inter-embolic, 43-44
proximal, 34-4t
upper limbs, n, 43
Contracture, 1schaemic, 60-61, 73, 90, 155, 162
embolectomy and, 15§
* Crush syndrome ', remal, in embolism, 5,
60-63
Cyanoss of limb, g1-52
D and 25, 16, 27, 158

95-97»

bol

effect on anatomy ol 110
Arteriospasm—see Spa<m, arterial
Arteriuis, 64, 65, 68
Aurnicular appendage

excision of, 1§9-160

role in embolism, 32
Auticular fbrillation—see Fibnillation, auricular
Axillary artery, embolism of, 13, 14, 42, 42,

61, 68, 89, 99, 93, 94

¢ Delayed 1schaemic syndrome *, 72
Diagnosis of embolism, 64-71, 162
differential, 64-70
Jocalisation of embolus, Jo~71, 129, 134, 163
errors 1n this study, 70
Drarrhoea and embolism, 25
Drcoumarol, 4
Digrtalis—relation to embolism, 25-27, 161
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Distension of artery, amimal expenments on,
141143
Duuretics and embolsm, 26, 17, 1
‘Dnersion effect’ in  circulation  model,
147-148
Elevayion of 1schaemic hmb, 57
Embolectomy, 2, 3, §, 32, 83~86, 1g3-165, 164
adverse eflects of, 15¢
early attempts at, 2, 3
indications for, 86, 153
1schaemic contracture after, 62, 83, 15§
results of, 83-86
retrograde aspiration 1n, 164
recrograde flushing an, 154
techmique of, 114
* Embohie anischémique °, 46, 73
* Emhohe manquée ', 46, 731
‘ Embolie occulte 7, 46, 73
Endocarditig, 7, 13, 72, 138
Exertion and embolism, 25
Expersmental embolism, 4, 13, 96, 140
Extent of 1schaeruc signs, 131, 133
Extravasation staiming of skin, g2, §3
Femoral atenies, embolism of, 3, 13, t4, 29, 30,
315 354 42, 44, 47, §7, 62, 63, 68, 713,
176, 77, B3, 84, 86, B9, 03,129, 148
Fibrillavion, auncular, 12, 14, 17, 22, 14, 27,
64, 160, 161
Fluorescein test, 4
Flutter, aunicular, 22

Gangrene, 5, 13, 41, 42, 43, 44, 5§22 §3. ST
73~77, 80, 89-90, 136, 141, 163
hgation of arteries and, 126-128
S primary *, 41, 42, 73, 74, 80
* termanal *, 41, 72, 73, 74, 76, B0
Gun-shot wounds of arteries, 126-118
Haemoconcentration aud erabohsm, 15, 26, 27,
158
Heast disease and embolism, 22-23, 64, 161
Heart falure and embolism, 24-25. 5t
Hepann, 4, So, 156
Thac artenies, embolism of, 12, 13, 14+ 29, 305
31, 14, 35, 42, 46, 48, 49, 04 (4, 02,
63, 68, 30, 71, 72, 75, 77, 6%, B3, 84,
89, 90, 93, 13§
Intidence of embohsm
anatormical, 2831
genenl, 1 mitral stenowis, 7, 11, 13, 17
autopsy evidence om, 16, 17
Indeterminate outcome in :mbol:sm 73,74 764
Ry-8g
Infections as ﬁc(ur n embolism, 2g

Ischaemia
avsessment of gravity of, g2, 94, 162
geness of in embolism, 144151, 164
mtigation by old occlusnon. 130, 151

tschaemic contracture~see Contracture
Yschaemic himb, care of, ty7
Ischaemuc signs, g1-63
duration in recovering hmbs, g1-53, 93, 162
evalution of, 130
extent of, 131, 133
Ischaermic  vascular  relaxation—see  Vascular
velaxation

Late results in surviving fimbs, g0
Ligauion of arteres
ammal experiments on, 140
companison with embolism, 126128
gangrene, inaidence in, £26-128
Limb survival rate, 41, 42, 74, 76, 8o~87, 151,
163
interpretation of, 84-87
Localisation of erabolus, 20-71, 129, 114, 16}
Lower himb embolism, 14, 31, 76, 80, 83, 90

Massage, arterual, 12, 149, 15§

Mechamsm of embalism, 2§, 31-33, 161

Micro-embolism, 2, 136

Migration of embolus, 66, 67, 124,
131-134, 140, t49, 15§

¢ Millang manoeuvre *, 15§

Matral stenosis, 7, 9, 12-1%, 20

old arterial occlusions in, 7, 9, 12~15, 46

Mityal valvotomy, 160

Model of imb circulation, 144-148, 151

Mortality 1n embolistm, 87-83%

Motthing, cyanotic, g2

Muluple embolsm, 2, 27, 31, 32, 43, 79,
128-129, 130

Mural lesions of arteries, 68

Mura) throrbi—see Thrombi, mural

Muscle damage, 1schaemic, ¥, 60-63, 83, 174,
145, f61

Muscular power, impatement of, g3

Myohaemoglobinuria in embolism, 62-63

179,

* Nordentoft’s sign *, ¢7

Onset of symptoms in embolism, 48

Operations on arteres, observations duning, 31,
128125, 132, 142

Oscillometer, 4

Outcome m limb embolism, 33-91

Pam wm embolism, 48-49, 50, 134-135, 158, 162
* artersal pain *, 48, 49, 134135
¢ distal pan ', 48, 134-135
* sschacmuc pain *, 48, 134
treatment of, 1 g8

Pallos of shin la embolism, 51-53, 94, 138, 162
“waven pallor*, ¢2, g4

Palpation of pulses, 13

Papaverine, 4, 30, 136, 157
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Physical signs of limb embolism, £1-62, 94, 162
Physical treatment of ischaenmia, 157
* Pillar thrombus *, 35, 40, 7t
Plethysmography, 141, 148
Pophiteal artery, embolism of, 12, 13, 14, 29,
39, 31, 42, 46, 47, 52, §7, 61, Jo, 86,
89, 93, 129, 138, 163
Potassium balance, 61, 63
Prevention of embolism, 159
“Priscol ’, 4, 80, 157
Prognosis 1n ltmb embolism, §2, 53, 60, 91-94,
163
aortic embolism, 1mpossibility 1n, 92, 163
errors 1n this study, 91-93
signs useful for, 94, 162
time factor 10, 93-94, 163
Proximal arteral spasm, 129, 137-140
* Pseudo-embolism °, 65-68, 76, 136-137, 162
Pulmonary embolism, 31
Pulsation, arteral, 9, 11, 12-14, 46, §7-60, 71,
B88-95, 137-140, 162, 16}
persistence distal to embolus, g7~60, 162
reappearance after embolism, 88-90, 163
suppression proximal to embolus, g8, 70,
137-140
Pulse deficiencies
mutral stenosis, In, 9, 12-14, 29-30, 46, 74
normal persons, 10, 13, 12
significance of, (1, 12

Quimidine and embolism, 25

Radioactive sodium test, §

Reactive hyperaemia, 140, 142, 148-150
Reflexes in imb embolism, g4

* Relapsing ischaemic syndrome ', 7172, 152,

163
Renal damage 1n imb embolism, ¢, 60-63

* Segment of stagnation ', 34, 4§
Selection of cases
1nfluence on anatomical disthibution, 2931
influence on imb survisal rates, 78, 82, 86
Sensation, impatrment of, §4-57, 94, 162
Septic emboli, 33, 138
Sex mecidence of embolism, 12, 13, 20
*Shock * 1n limb embolim, 50, 71
« Silent embolism ', 46-47, 73+ 744 79
Spasm, arterial
thrombophlebitic, 65, 122, 125
traumatic, 4, 122, 12§, 130, 15§
Spasen, arteraal, in embolism, 3, 4, 8, 6568,
70, 71, 122143, 148, 164
evidence for
chinical, 125-140
expermental, 125, 140-143
Spontaneous recovery In embolism, §, 5, 46,
161, 163
suivreD ¥ casar

Subclavian artery, embolism of, 13, 14
Sympathectomy, 4, 135, 140, 150
Sympathetic ganglta
extirpation ol, 4, 133, 140, 150
procaine nfiltration of, 4, 8o, 135, 156, 157
Sympathetic vacomotor tone, relcase of, 136, 140
ganghonectomy for, 4, 135, 140, 150
procane infiltration for, 4, 80, 135, 156, 157
warming torso for, 8a
Symptoms of limb embolist, 46-51
absence 1n some cases, 4647, 73, 74+ 79
general symptoms, so
Tocal symptorns, 43-50
onset, mode of, 48
seventy, vartation of, 3o, 48

Temperature, effect on 1schaermic limb, 158
Temperature of skin 1 embolism, §3
Tendon reflexes in imb embolism, ¢4
Thrombi
mtracarduc, 1, 32, 159
mural, 2, 26, 31-32, 68, 153
type causing embohism, 25, 31-32, 132, 161
Thrombophlebits, 65
Thrombosts
arterial, 64
consecutive, 2, 13-4, 151, 161
propagating, 33
secondary, 3, 33, 155
venous, 65
Tonoscillometer, §
Transtent tschaemic syndromes, 9, 65-68, 162
Treatment of embolism, §0-86, 133160
general, 168
mfluence on outcome, 80-86, 151, 163, 164
medical, 2, 3, 80-83, 155-1§8
operative, 2, 83-86, 1£3-15§
physical, 167

Upper limbs, embolism of, 14, 43, 44, 47 48,
85, 90, 94
consecutive thrombosis 111, 43
Urea, serum, m embolism, 63
Urine, test for myhaemogfobin in, 62-63

Vascular relaxation, 1schaemic, 140, 142,
148-749, 150
Vasodilatation, ischaemic—see Vascular relax.
ation
Vasodulator therapy
drugs, 4, 80, 136, 156
anghionectomy, 4, 150
bltration of ganglia, 4, 89, 136, 156, 157
warming torso, 8o
Vens, refilling sign 1n, 57, 94, 162
thrombosts of, §7
Visceral embolism, 16, 19, 31

¢ Waxen pallor ', 52, 94
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