
570 POSTGkADUATE MEDICAL JOURNAL November I954

ment for patients with carcinoma of the breast and
prostate who suffer extreme pain from metastases
in bone. But relief of pain can now be assured in
the majority of cases by bilateral adrenalectomy.
Regression of the primary tumour occurs much
less frequently than that of the metastases.

Bilateral adrenalectomy is a practical proposition
and no undue hardship is imposed upon the
adrenalectomised patient.
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THROMBOSIS OF THE INTERNAL
CAROTID ARTERY

By SIMON BEHRMAN, B.Sc.(Hon.)Lond., M.R.C.P.Lond.
Physician, Moorfields, Westminster and Central Eye Hospital; Consulting Neurologist S.E. and N.E. Metropolitan

Regional Hospital Boards

Numerous are the instances in the annals of
medicine of discoveries made and subsequently
forgotten, but this cycle seems to have recurred
several times before angiography of the carotid
artery revealed anew the frequency and the com-
plications of occlusion of the internal carotid
artery. The reasons for this recurring oblivion
were twofold:

I. Examination of carotids in the upper part of
the neck and carotid canals is not usually per-
formed in routine autopsy.

2. Ramsay Hunt in I914 gave the other reason
for the neglect of this subject as follows: 'The
assumption that the circle of Willis is sufficient to
carry the blood into an obstructed vascular area
when such obstruction is situated below the level
of the anterior and posterior communicating
arteries.'l

This assumption was not only based on ana-
tomical grounds but also on the experience of the
effects of ligaturing these arteries. This operation
was frequently performed during the I9th century
for a variety of ' nervous disorders' such as
epilepsy and trigeminal neuralgia, as is testified by
the publication of four large series of cases col-
lected during the second half of the century and
quoted by Ramsay Hunt. In only i6 per cent. of
some I,200 cases comprising a variety of con-
ditions did cerebrovascular accidents supervene-
and this before the days of asepsis!
The present revival of interest in the subject of

carotid thrombosis began after cerebral angio-

graphy came into wide use, and confirmed Ramsay
Hunt's contention that occlusion of carotid arteries
was not uncommon.

Pathology
Frequency. On combining the three large pub-

lished series pf unselected post-mortem examina-
tions, which included a routine inspection of the
carotid arteries in their entirety, the incidence of
macroscopically visible thrombosis and embolism
of this artery can be said to be approximately I.6
per cent.2a, 3,4 The incidence will to some ex-
tent vary in accordance with the average age of
the autopsy material.
The following classification of the various con-

ditions causing occlusion of the carotid artery
either by thrombosis or embolism has been sug-
gested by Hultquist:

I. Trauma.
2. Morbid processes affecting the tissueb in the

immediate relation of the carotid arteries.
3. Cardiovascular diseases.

I. Trauma
Non-penetrating injuries to the neck may oc-

casionally be followed within 6 to 48 hours by
rapid onset of hemiplegia due to spreading throm-
bosis of the internal carotid artery. This was
described by Northcroft and Morgan, and more
recently the subject was reviewed by Schneider
and Lemmen.5, 6 Cases of this nature simulate
extradural and subdural haematomas, as is illus-
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trated by the following case reported by North-
,croft and Morgan.

Case I. Male, aet. 31. A piece of loose rope
hanging from the side of a passing lorry wound
itself round the patient's neck, threw him to the
ground and then unwound itself without dragging
him along. He picked himself up and though
feeling faint was able to proceed on foot to the
Unit Medical Officer, who noticed bruising of the
left side of the neck. About 24 hours after the
accident the patient had a right-sided epileptic
fit followed by right flaccid paralysis and coma.
He died 48 hours after the accident. Autopsy
suggested that the original injury resulted in
extravasation of blood into the media of the internal
carotid artery extensive enough to cause occlusion
of the vessel. Intraluminal thrombosis was found
above and below the level of the vessel injury, the
upper thrombus extending upwards into the
middle cerebral vessels.

2. Morbid Processes Affecting Tissues in Immediate
Relation of the Carotid Arteries

(a) Inflammation. Otitis media with spread of
infection to bony carotid canal. Meningitis with
thrombosis of cavernous sinus. Peritonsilar
abscess. Aseptic cavernous sinus thrombosis fol-
lowed later by convulsions and contralateral
hemiplegia.7

(b) Neoplasms. Sphenoidal ridge meningioma.
Malignant tumours at the base of the skull.

3. Cardiovascular Diseases
(a) Diseases of the carotid artery causing occlusion.

The incidence of atherosclerosis of the internal
carotid is high, as has been shown by several
publications involving the examination of this
artery in series of unselected autopsies.8, 9 The
localization of atherosclerosis is probably related
to the magnitude of the circumferential stretching
force to which cfifferent portions of the vessel wall
are subject.10° Broadly speaking this force can be
expressed by Laplace's Law, according to which it
is proportional to intravascular pressure and the
radius of the vessel. Atherosclerosis is minimal
where the pressures within and outside the artery
are almost equal. This obtains in portions of the
artery well supported by non-yielding surrounding
structures, e.g. the portion of the carotid within
the bony canal. Experimentally these conditions
have been simulated by applying silver cuffs about
the circumference of short segments of arteries in
rabbits. Willens noted that the enclosed artery
was not affected by atherosclerosis when animals
were fed with cholesterol.ll

According to Laplace's Law the circumferential
tension is proportional to the radius of the vessel.
Two segments of internal carotid show antrum

like dilatations, viz., at the level of the carotid
sinus and immediately after the emergence from
the cavernous sinus. Atheromatous changes are
most pronounced in these situations where this
-localized increase in the radii occurs.

Thromboangiitis obliterans and giant cell
arteritis are two other vascular diseases liable to
cause thrombosis of the internal carotid artery.l2

(b) Embolism. The lumen of the carotid can be
occluded by emboli originating in the heart, e.g.
bacterial endocarditis and coronary infarction.l3
Effect of Occlusion of the Internal Carotid
Artery
Dye injected into the carotid artery is normatly

distributed only to the homolateral hemisphere,
but should the contralateral common carotid be
compressed during the angiographic procedure,
the dye will be seen in the vascular systems of both
hemispheres in equal amounts. This angiographic
evidence serves to confirm the well known fact that
occlusion of one carotid artery is immediately com-
pensated and normally does not evoke any
abnormal symptoms. Even when the E.E.G. is
used as an index of cerebral disturbance, no
abnormalities can usually be detected on unilateral
carotid compression, provided stimulation of the
carotid sinus is avoided. Normal cerebral circula-
tion under these conditions depends on the in-
tegrity of the circle of Willis and the adequacy of
the communicating vessels and of the remaining
main arteries of the brain. Provided these con-
ditions obtain, spontaneous occlusion of one in-
ternal carotid artery is also not fraught with any
abnormal symptoms. For compensation of such
occlusion, it is essential that a sufficient amount of
blood per unit of time should reach the portion of
the cerebral hemisphere normally supplied by this
artery. This volume of blood has to be conveyed
by the communicating arteries and anastomosing
vessels. Since the volume of blood circulating
through a vessel per unit of time is, broadly speak-
ing, governed by' Poiseuille's Law, two factors
determine whether such compensation can be
effected:

I. Diameter of the'vessel. The volume of flow
per unit of time is proportional to the fourth power
of the diameter and therefore even slight narrowing
of the concerned vessels by disease will consider-
ably reduce the flow.

2. Since the flow is directly proportional to the
pressure, this is also a factor which must be taken
into consideration. If under given conditions of
pressure the communicating and anastomosing
vessels are, either through disease or maldevelop-
ment, insufficient to compensate, a state of circu-
latory insufficiency will result and, depending on
its severity and duration, this will give rise to
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various signs and symptoms referable to the
ischaemic region of the hemisphere. Some of
these disturbances may be caused by cerebral
infarction and may thus be permanent. In 60 of
Ioo cases of fatal cerebral infarction Hicks and
Warren were unable to find evidence of mechanical
occlusion of cerebral vessels.l4 Should the remain-
ing main vessels be narrowed or occluded by
disease, then following occlusion of one internal
carotid artery, cerebral insufficiency may affect
both hemispheres. Recent studies of the effect of
ligature of the internal carotid have provided some
information to indicate that the subject of circula-
tory insufficiency is far more complex than a simple
consideration of Poiseuille's Law would suggest.
Thus following ligature of the carotid not only
does the fall in pressure vary from individual to
individual, as was only to be expected, but results
are subject to considerable variations in the same
individual without any changes in the general
blood pressure to account for it. One of Dandy's
patients, for instance, tolerated complete closure
of the internal carotid in the neck within one
week of the first operation, when such closure
evoked neurological signs of cerebral ischaemia.15
Measurements of pressure within the carotid
distal to ligature may show striking differences in
the same i Rdividual, as was shown by Bakay and
Sweet.'6 Plressure fell to 23 per cent. of that prior
to ligature. When the ligature was re-applied six
days later it dropped only to 48 per cent. of the
original pressure. Serial pressure readings
carried on for as long as 60 minutes in other cases
revealed rise and also fall in pressures without
corresponding changes in blood pressure. Some
of these pressure changes are no doubt due to the
effects of arterial spasm set up by the ligature.
Clinical evidence of cerebral circulatory in-
sufficiency following carotid ligation may appear
abruptly or insidiously even after intervals as long
as five to six days, and such symptoms can be
abolished by the removal of the ligature thus
proving the patency of the cerebral vessels in such
cases.

Break in the Circle of Willis
Anatomical studies have revealed that the

anterior communicating artery is deficient in o
per cent. and one of the post-communicating
arteries in 23 per cent.'7 Extension of thrombi
from the internal carotid artery, as also emboli
arising from such thrombi, may cause a break in
the circle of Willis.

Consequences of Thrombosis of Carotid
Artery
As has already been shown, cerebral circulation

is normally unaffected by occlusion of one of the
carotid arteries. However, in some cases cerebral
circulation may be critically dependent upon the
integrity of the carotids, and apoplexy may follow
occlusion of one carotid; in others complications
may arise after an interval. These may be caused
by any of the following three processes, either
singly or in combination:

I. Cerebral circulatory insufficiency (already re-
viewed).

2. Spreading thrombosis so that thrombus ex-
tends into the circle of Willis or cerebral arteries.
Case I illustrates this.

3. Emboli which may become detached from
the main thrombus of the internal carotid artery.
The following case illustrates a massive embolism
of this nature:

Case 2. Atheroma of left internal carotid
artery-thrombosis-detached portion of throm-
bus causing embolism of middle cerebral artery-
thrombophlebitis of veins of legs-pulmonary
embolism.

Female, aet. 35. The patient had been in
excellent health until four weeks before admission.
While having a meal she had twitching of the right
side of the face and developed uselessness of the
right arm for a short time. She remained well
until the day of admission when she suddenly lost
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FIG. I.--Ventriculogram showing considerable degree
of cerebral oedema in a proved case of thrombosis
of left internal carotid artery (Mr. Ian McCaul's
case).
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her speech, sat down, fell back and had a general-
ized convulsion. Following this she was found to
be aphasic and paralyzed down the right side of
her body. She died suddenly one week after
admission, following a brief period of breathless-
ness and cyanosis; death was due to extensive
pulmonary embolism.

Carotid artery showed organizing thrombus
attached to the wall which, at the level of bifurca-
tion, was the site of considerable atheromatous
deposits beneath the intima and had patchy areas
of intimal hyperplasia. The thrombus was about
7 cm. long with its centre approximately at the
level of the bifurcation. A recent embolus in the
left middle cerebral artery, which was otherwise
free from disease, was responsible for extensive
infarction of the left parietal and temporal lobes,
together with the basal ganglia. The gross
swelling of the brain substance had well-nigh
closed the ventricular space.

Authors have differed in the relative importance
they have attached to these three factors. Cerebral
circulatory insufficiency has been stressed by
Corday et al., spreading thrombosis by Hultquist
and embolism by Chiari.l8 In any given case the
assessment of the part played by these factors
cannot be made on clinical grounds alone since,
following cerebral embolism and cerebral throm-
bosis, the paralytic phenomena may occasionally be
only transient and cerebral circulatory insufficiency
may cause irreversible cerebral damage. As a
broad generalization, however, it can probably be
stated that cerebral embolism and cerebral throm-
bosis give rise to enduring disturbances and that
stereotyped recurrent paralytic episodes followed
by recovery are most frequently due to cerebral
circulatory insufficiency. The following clinical
types can be recognized:
Clinical Types

I. Massive apoplectiform hemiplegia, either due
to thrombosis or embolism of the main cerebral
vessels or occlusion of the carotid in the presence
of a break in the circle of Willis.

2. Recurrent transient paralytic phenomena
with recovery-presumably due to cerebral cir-
culatory insufficiency.

3. Various paralytic phenomena with only
partial recovery-multiple embolic phenomena.

4. Progressive hemiparesis with or without fits
simulating tumour.

Clinical Features of Carotid Occlusion
As will be appreciated from the survey of the

complex nature of the factors responsible for the
overt manifestations of carotid thrombosis, the
range of symptoms and their degree of intensity
must, of necessity, be wide. Cerebral emboli may

be discreet or massive, cerebral circulatory in-
sufficiency, according to circumstances, slight or
grave and the consequent symptomatology ex-
ceedingly variable. The different clinical types
have already been outlined and it only remains to
mention briefly some of the symptoms most
frequently seen with each type.

Type I. Hemiplegia with or without coma;
often preceded by convulsions, predominantly
unilateral. In addition to hemiplegia there may
be unilateral sensory loss and hemianopia.

Type 2. Symptoms are of brief duration and
tend to recur as evanescent episodes of stereotyped
nature. The commonest transient symptoms are:
Monocular amaurosis, dysphasia, attacks of
' dizziness,' monoplegia and sensory disturbances
in limbs.

Type 3. Every type of cerebral paralytic
phenomena, either singly or in combination, can
be expected to occur and have been described in
reported cases, a review of which reveals in
addition to such common forms of paresis as motor
or sensory monoplegia or hemiplegia, dysphasia,
dysgraphia, dyslexia and dyspraxia and also a
great variety of less common symptoms resulting
from disturbance of cerebral function.

Type 4. This type is of particular importance
because the clinical picture mimics that of cerebral
neoplasm very closely. Progressive dementia can
be a feature in these cases.

In addition to the various cerebral paralytic and
epileptic phenomena mentioned and the visual
disturbances about to be described, headache is
the only remaining important symptom. The in-
cidence, severity and character would appear from
the published and personal cases to be too variable
to permit of a formulation of any definite pro-
nouncement regarding pathogenesis. These head-
aches are usually maximal on the affected side and
may well be due to dilatation and increased pulsa-
tion of pial and cerebral vessels caused by cerebral
circulatory insufficiency. Dilatation of these
vessels in animals has been demonstrated in ex-
perimental anoxaemia induced by various methods
and also when blood pressure has been lowered to
a critical level.19, 20 Since headache of high in-
tensity is a constant feature of active giant cell
arteritis it constitutes one of the main symptoms of
carotid thrombosis caused by this vascular dis-
order.

Disturbances of Vision
A discussion of some of the common ophthalmo-

logical manifestations of carotid thrombosis must
be prefaced by stressing the following anatomical
and physiological facts:

I. Within the eyeball the pressure of the central
retinal artery is opposed by the intraocular pres-
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sure of about 20 mm. Hg and therefore the effective
intravascular pressure is reduced by this amount.
A variety of 'blackouts' can be shown to be
resulting from this physiological arrangement.21

2. There is free anastomosis between the
ophthalmic artery and branches of the external
carotid artery so that occlusion of the ophthalmic
artery does not as a rule lead to interruption of
circulation through the central retinal artery.22

3. Sudden permanent unilateral amaurosis oc-
curring in the course of carotid thrombosis usually
takes place without any demonstrable lesion in the
course of the ophthalmic artery.23, 24

Amaurosis in these cases can only be explained
on the basis of embolism or circulatory in-
sufficiency and these two possible factors will now
be considered in greater detail. We have seen that
there is ample pathological evidence indicating
that cerebral embolism is often a feature in carotid
thrombosis and there is, therefore, reason to be-
lieve that such emboli may -also reach the retinal
vessels. Such embolism is most likely to give rise
to enduring amaurosis owing to irreversible
retinal damage. In cases in which through mal-
development or disease there is a break in the
circle of Willis, the fall of pressure in the internal
carotid following thrombosis may be considerable.
After ligature of the internal carotid, as Strobos
and Mount have shown, the pressure gradient
between the internal carotid and ipsilateral small
cortical vessels is maintained.25 Assuming that
this relationship also obtains between the internal
carotid and central retinal artery, then a 6o per
cent. fall of pressure will bring the pressure
within the first branches of the central retinal
artery from approximately 70 mm. down to 28 mm.
Normal intraocular pressure will oppose this
pressure and-impede retinal circulation, which may
become insufficient to maintain retinal function
with resulting amblyopia. A drop of pressure in
the internal carotid of 55 to 65 per cent. after
ligation is compatible with normal cerebral func-
tion, as has been shown by Strobos and Mount
and also Sweet and Bennett.26 Thus it can be
supposed that a fall of carotid pressure of certain
'critical' value will give rise to amblyopia or
amaurosis without symptoms indicative of dis-
turbance of cerebral function. The fall of intra-
ocular pressure which may result from this fall of
carotid pressure may be one of the means whereby
a dynamic adjustment can be effected. In those
cases of internal carotid thrombosis in which the
posterior communicating artery contributes little
towards the ipsilateral cerebral circulation, com-
pression of the unaffected carotid may result in a
considerable fall of the carotid pressure.26 A fall
of ' critical' magnitude under these circum-

stances would explain the observation made by
Denny-Brown on one of his patients.27 On one
of the patients with thrombosis of the left internal
carotid artery, ' manual compression of the right
carotid caused immediate blanching of the vessels
of the left fundus and marked pulsation of the right
fundus.' Under these conditions intraocular
pressure presumably exceeded systolic pressure of
the left and diastolic pressure of the right central
retinal arteries.

Absence of Carotid Pulsation
Considerable diagnostic importance was at-

tached by Ramsay Hunt to loss of pulsation in the
internal carotid artery. However this is on the
whole an infrequent finding, partly because the
occlusion may be distal to the cervical portion of
the artery and partly because the thrust of each
pulse wave may be transmitted along the artery for
some distance beyond the embolus or thrombus.
However Dunning claims that this examination is
best performed by feeling for pulsation on each
side of the pharynx.28

Paediactric Aspect
Considering the infrequency of cerebrovascular

accidents in childhood the number of children
among the published cases of internal carotid
thrombosis is surprisingly high.29, 30, 31, 32

Cave 3. Boy, aged 7. Generalized erythematous
rash for three days associated with malaise. Two
weeks later severe headache and puffiness of eyes,
followed on the next day by swelling of face and
the passing of deep red urine. One month later
developed severe headache. On the following day
when he awoke he was found to have right hemi-
plegia. His speech was slowed and he noticed loss
of left vision. During the following week he re-
covered function of the right limbs. Peeling of
hands and feet was noticed at this time. On
examination he showed left optic atrophy and right
hemiparesis. Pulsation of left carotid artery could
be hardly appreciated, whereas pulsation of right
carotid was within normal limits. Blood pressure,
90/60. Examination of urine, C.S.F. and radio-
grams of the skull revealed no abnormality.

Radiological Abnormalities
I. Angiography. Failure to visualize the con-

trast medium in the vessel does not necessarily
mean it is thrombosed. Spasm provoked by the
mechanical stimulation by the needle may. produce
a similar effect and the following criteria are of
help in the differentiation between thrombosis and
spasm of the internal carotid artery.

(a) Filling of the middle cerebral group of
vessels and perhaps of the carotid syphon about
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four seconds after the injections (i.e. in the
phlebogram).

(b) Repeated angiograms reveal partial filling
or absence of filling of the internal carotid.

(c) Contralateral angiogram visualizes cerebral
vessels of both sides.

(d) Absence of filling of the syphon despite
compression of contralateral carotid, a procedure
not without danger.33

Conical narrowing of the stream of contrast
medium before it stops, as also narrowing of the
vessel without interruption of the stream, are
features which suggest thrombosis. Very oc-
casionally films taken subsequent to the arterio-
graphy may reveal accumulation of some contrast
medium in the area of infarction.34

2. Pneumography. Ventriculography following
carotid thrombosis may reveal in the early stage a
considerable degree of ipsilateral cerebral oedema
(Case 2, see Fig. I) or ipsilateral cerebral atrophy
at a late stage.

Electroencephalography
Various E.E.G. abnormalities have been noted

in association with carotid thrombosis. However,
slow delta waves localized to the ipsilateral fronto-
temporal region is the commonest type of abnor-
mality. In three out of four cases of carotid
thrombosis Skillicorn and Aird have observed that
compression of the non-affected common carotid
artery resulted in the appearance of high voltage
slow irregular waves, two to five per second fre-
quency, usually in both hemispheres.35
Treatment
As has been indicated, the serious consequences

of carotid thrombosis are due to cerebral circula-
tory insufficiency and cerebral embolism. Little
can be done to overcome cerebral circulatory
insufficiency, but much can be done by various
medical procedures to aggravate it and these
should be avoided if possible. Ventriculography
by raising intracranial pressure and angiography
by setting up spasm in the carotid tree may have
unfavourable effects. There are many instances in
the literature describing various cerebrovascular
accidents immediately following these investiga-
tions which have been performed because of the
suspected possibility of intracranial neoplasm. The
differential diagnosis on clinical grounds alone
between carotid thrombosis and intracranial neo-
plasm may in certain cases be impossible and these
radiological aids to diagnosis have to be enlisted.
Cerebral embolism constitutes a serious hazard
and on theoretical grounds ligature distal to the
site of thrombosis can be justified. It is, however,
not a practical measure in the majority of cases.
It has been argued that the thrombosed segment

of the artery sets up irritation and thus provokes
vasospasm peripheral to the point of occlusion and
it has, therefore, been suggested that resection or
denervation of the affected segment may lead to
relaxation of the distal arterial tree and this may
help to overcome cerebral circulatory insuf-
ficiency.36 The available data are too meagre to
permit of any definite conclusions as to the value
of this treatment.

Summary
i. Four main clinical types of internal carotid

thrombosis are described.
2. These various clinical types are the result of

the interplay of the following three main causative
factors:

(a) Cerebral circulatory insufficiency resulting
from a break in the circle of Willis, either con-
genital or acquired.

(b) Spreading thrombosis so that the thrombus
extends into the circle of Willis or cerebral arteries.

(c) Embolism originating from the main throm-
bus of the internal carotid artery.

3. The mechanism for monocular amblyopia in
the absence of any simultaneous symptoms indica-
tive of disturbance of cerebral function is dis-
cussed. It is suggested that in the presence of a
lowered carotid pressure, intraocular pressure is
the main factor in the production of this syndrome.
In some cases permanent monocular amaurosis is
due to embolism.

4. Analysis of the published case histories of
internal carotid thrombosis reveals that the con-
dition is not uncommon in children, and a further
case is reported.
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huge posterior penetrating duodenal ulcer in-
volving the region of the bile ducts was found.
The prepyloric region was opened and it was
found that clear bile and no fresh blood came back
from the duodenum, and so presumably the
bleeding had ceased. After removing the antral
mucosa, the sero-muscularis of the antrum was
closed, and a partial gastrectomy performed.
Following this he improved day by day, but on
the eighth day, massive melaena recurred. I felt
that the ulcer could hardly be active after this
space of time and so we treated him conservatively
thereafter. He died of repeated bleeding about
a week later.
At autopsy, the ulcer indeed was found to have

practically healed (Fig. 28), the small unhealed
part being entirely occupied by a ruptured aneu-
rysm, the rupture of which had no doubt led to
the repeated bleeding.
Another conservative method for bleeding pos-

terior duodenal ulcer favoured at times and which
we used for a period, was duodenotomy, arrest of
bleeding by suture together of the ulcer edges-
followed by gastro-jejunostomy. I used this on
eight occasions, but in two patients, the bleeding
recurred and one died of it. I do not use this
method now.

After recounting my experiences with the various
regimes in the treatment of ulcer haemorrhage,
you will see that I am inclined to favour surgery.
That does not mean that I am advocating surgery

universally. There is a considerable variation in
the type of case treated in different places, and our
preponderance of elderly gastric ulcer cases makes
surgery particularly suitable. It is not without
significance that we have such a volume of work
that we are able to keep in practice for these
operations.

I have gone over a very wide field and so have,
perhaps, only been able to give an over-all im-
pression of our present practices in dealing with
peptic ulcer and its complications.
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