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THE changes to be seen on examination of the fundus may be
divided, for the purpose of this dissertation, into early and late,
although the whole is a continuous progress in which the stages
are confluent and intermingled.
The early stages are seen chiefly in the veins and are associated

with the pressure exerted on them by the arteries, particularly at
the points where these vessels cross each other.
The earliest change is that of general, and not very noticeable,

congestion (Fig. 1) (1) of the veins, their diameter being increased
throughout their length and their light reflex broader than usual.
The next stage is one which I have not seen described in the

literature on this subject and yet is often seen. This condition
I named at first "avoidance" (Fig. 1) (2) since, in these cases,
the veins which run with the arteries, curve in, as though to cross
them, run close for some distance, and then diverge again. Further
observation, however, has brought me to the opinion that this
is a condition of congestion in which the veins are thereby made
longer than usual and are bent towards the artery by their increased
length. This, in fact, is the earliest stage of tortuosity of the veins.

*Thesis for the degree of M.B.Cantab.
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The further changes concern the points of intersection of veins
and arteries and are numerous, and any, or all, may be seen.
The earliest alteration is the loss of visibility of the vein (Fig. 1)

(3) not only directly under the artery, but for a short distance
on each side of that vessel. This is not necessarily a pressure
effect, but depends on the increased density of the thickened tunica

FIG. 1.

Photograph of the pen and ink sketch of the early stages of retinal
arterio-sclerosis. The numbers correspond to those in the text.
The composite sketch is the same as Plate A.

media of the artery. It is often difficult to distinguish this with
certainty from a later condition in which similar disappearance
of the vein is seen, but in which there is evidence also of pressure
as in (Fig. 1) (4) where there is a slight dilatation of the vein before
the artery is reached. It is interesting in this connection to note
(Reference: Friedenwald, Trans. Ophthal. Soc. U.K., 1930 and
Fig. 3) that the vessel walls of artery and vein at the points of
crossing may be, in arterio-sclerosis, fused into one and the same
structure, thus explaining the mode of transmission of pressure
at these points.

258

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.17.5.257 on 1 M

ay 1933. D
ow

nloaded from
 

http://bjo.bmj.com/


VrASCULAR CHANGE IN THE F UNDUS OCULI

I have been fortunate in being able to demonstrate this fusion
in the above photograph from a case of thrombosis of the central
vein. The section shows the extreme thickening of the arterial
wall; the pressure on the vein below, and the fusion of the two
tunica media at the point of pressure is seen in the centre of the
plane of contact.
A further change is seen in what is known as "bridging" or

"banking" (Fig. 1) (5). In this instance the vein is seen to arch

wil~~~~~~~~~~~~~~~~~~~~~~~~~l
FIG. 2.

Microphotograph of the Fundus Oculi in section showing a thickened
artery compressing the underlying vein. Taken from a case of throm-
bosis of the central retinal vein with secondary glaucoma.

over or under the artery in a more directly transverse axis to
the artery than the general course of the vein, instead of pursuing
the even tenor of its way.
A variety of this, which is found to be quite common, although

not mentioned in the literature, is a Z formation of the vein (Fig.
1) (6). In these cases there is little or no evidence of bridging,
but the vein, while still some distance from the artery, turns
abruptly towards that vessel and passes under it with but little
evidence of constriction, more at right angles than normally, and
proceeds again thus some distance from the artery before it again
abruptly resumes the normal direction of the vein.
The mechanical advantages of these changes in a vessel which

is becoming compressed at its point of intersection with an artery
are obvious, and in general entail a longer course and a more
directly transverse crossing.
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The- final variety of venous distortion is tortuosity (Fig. 1) (7),
which is to be seen in advanced cases of retinal arterio-sclerosis
and, in minor degrees, may be seen to occur as the early
changes which I have described. I would suggest that tortuosity is
but the further development of those neglected and slight
alterations which I have named "avoidance."
The pathology of these cases may be briefly stated as increased

resistance to venous drainage, and the most frequent factor of

F-1R~~~~~~~~~~~~~~~~~~~~~~~~~~

FIG. 3.' SECTION OF THE FUNDUS OCULI.

Drawing of microphotograph showing retinal artery an.d vein in
apposition with fusion of the tunica media of the two vessels.
From a case of retinal arterio-sclerosis. (After Friedenwald: Doyne
Memorial Lecture, 1930, Trans. Ophthal. Soc. U.K., 1930).

importance is that of the thickened and hypertensive arterial wall
at the points where vein and artery cross. In addition, the fusion
of the vessel walls at this point is a further agent (see Fig. 3).

In the case of the mere disappearance of a vein behind an
artery with no alteration of calibre on either side, pressure cannot
be deduced, but the thickened wall of the artery is thereby shown
(Foster Moore: Medical Ophthalmology, 1925).
The further stages of retinal arterio-sclerosis show themselves

in the arteries; these.are the later changes. Alterations in calibre
are shown in many instances and are various in type. Commonest
is, the irregular and patchy variation along the course of an artery
(Fig. 4) (1), while less obvious, but of equal importance, is a
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PLATE A Drawn by Hamblin's for this paper to show the changes
described under the heading of the early changes in retinal
arterio-sclerosis. For key drawing see Fig. 1.

PLATrE B. Fundus Oculi showing the changes in an advanced
stag,e of arterio-sclerosis. For key drawing see Fig. 4.
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VASCULAR CHANGE IN THE FUNDUS OCUL I

general attenuation (Fig. 4) (2) of the arteries which become pale
and thread-like. With these must be mentioned "beading" (Fig. 4)
(3), in which the blood column is intact although the light reflex
is broken and gives the vessel an interrupted appearance.

Alterations in course accompany those of calibre, and various
degrees of tortuosity (Fig. 4) (4) may be seen. One type may be

FIG. 4.

Key to composite drawing of. Plate B, Fundus Oculi showing the
changes in an advanced stage of arterio-sclerosis.

mentioned specifically, that of the small arteries (coursing toward
the macula from the superior and inferior temporal arteries), which
sometimes assume a very characteristic corkscrew tortuosity
(Fig. 4) (5).

Alterations in the light reflex are prominently mentioned in
the text-books, and the words "copper-wire" and "silver-wire"
are freely used, but observation with the electric ophthalmoscope
always gives a bright reflex of silvery or coppery shine, whose
intensity must vary with the source of light and every other optical
factor before that of the artery wall, and, is in my opinion, a
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variable and unreliable sign. Foster Moore states that this sign
is of early occurrence, and this may be true if hyaline change of
the artery wall be accepted as the underlying pathological change,
but if the reflex be due to fibrosis of the tunica media and increase
in its thickness, this change must be comparatively late.

Clinically, the sign of silver-wire arteries is found chiefly in
advanced cases and is of unfavourable prognosis.
The pathology of the arterial changes is still much disputed,

and has been investigated by many. Friedenwald (Trans. Ophthal.
Soc. U. K., 1930), speaking of localized variations in course and
calibre, states that atheroma is the usual finding. On the other
hand, early cases in which compression of the veins is the chief
feature may well show only generalized increased thickness of
the tunica media. The pathology of the increased light reflex has
received many explanations. Gunn held that a diffuse hyaline
change in the tunica media was the cause, and in this case might
justify the opinion of many authorities, notably Foster Moore,
that the copper-wire artery is an early sign. Coats (Trans. Ophthal.
Soc. U. K., 1913) considered that thickening of the fibrous tissue
and possibly elastic tissue of the tunica media was the cause of
the high reflex in the retinal vessels, although he claimed that
endarteritis is the commonest lesion of the central artery itself.

Foster Moore has demonstrated the fibrous tissue thickening
of the tunica media in a microscopic section of a case which, during
life, showed copper-wire arteries, but this was probably an advanced
case of the disease.
The above section (Fig. 5) shows admirably a similar condition

obtained from a case of thrombosis of the central retinal vein. Other
observers have postulated an increase of the thickness and opacity
of the endothelial lining of the vessel, and yet others, that the reflex
depends on the rate of flow of the blood column in the vessel, but
these theories have now been disproved.

Foster Moore considers that the terms "silver-wire" and "copper-
wire" are interchangeable and that the change is essentially one
of increase of the fibrous tunic of the tunica media. Personally,
I intend to apply the term "copper-wire" (Fig. 4) (6) to those
arteries shlowing a definite increase in the brilliancy of the central
light streak. The term "silver-wire" (Fig. 4) (7) should be reserved
for arteries which show a complete transformation of the wall
into fibrous white lines, showing no part of the blood column.
This latter change is rarely seen and occurs only in very advanced
cases. In the cases I have examined there are very few instances,
in spite of the fact that many cases showed other changes indica-
tive of advanced vascular disease.

Other vascular changes in the fundus oculi:-Thrombosis of
the central vein or artery of the retina.

262

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.17.5.257 on 1 M

ay 1933. D
ow

nloaded from
 

http://bjo.bmj.com/


VASCULAR CHANGE IN THE FUNDUS OCULI 263
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FIG 5.

Microphotograph of the Fundus Oculi in section showing marked
thickening of the tunica media of the retinal artery. Taken from a
case of thrombosis of the centrinaobl vein with secondary glaucoma.

These twoa ascular accidents are purposely considered together,
as the great majority of these cases result from the same patho-
logical process. The appearances need but little description as
they are well known.
Thrombosis of a major bravnch of the central artery is more

common than of the main trunk itself. In cases where a supple-
mentary arteryoth che macula arises from the posterior ciliary
vessels, this vessel may remain normal, in contrast to the remainder,
and the normal colour of the macula, and central vision, are
retained.
The pathology of this condition is that of vascular sclerosis

and endarteritis with partial obliteration of the lumen. This
process affects both artery and vein alike, and Coats has rightly
remarked that it is almnost a matter of chance whether the thrombus
occurs in the half-occluded artery or vein. This accident is only
of importance in that it shows an advanced degree of arterio-
sclerosis. An interesting fact is the extreme rarity of bilateral
thrombosis of thle artery or vein, in spite of the frequency of
arterio-sclerosis in both fundi.
Embolism of the central artery is comparatively rare, and recent

investigations emphasize the frequency of an underlying factor
of importance in some form of old-standing partial occlusion in
the affected vessel. These cases will often give a history, if care-
fully sought, of prodroinal transient attacks previous to the final
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calamity, indicating a ternporary suspension of the blood flow at
the narrowed site which has, however, been rapidly and success-
fully resumed. Suspension of the blood flow for more than an
hour (Reference: Priestley Smith, Trans. Ophthal. Soc. U.K., 1913)
will usually result in some permanent impairment of sight over
the area affected. These cases are, in fact, fundamentally cases
of thrombosis (Reference: Louis Werner, Trans. Ophthal. Soc.
U. K., 1913). True arterial embolism is most often associated with
valvular lesions of the heart and does not come within the scope
of this paper.
Exudations seen in the fundus present many questions of extreme

difficulty. There is reason to believe that exudates may occur
in a number of conditions of varying pathology.
The exudates of diabetic and albuminuric retinitis, probably of

similar nature, are more in the nature of degenerative coagulation
than true exudate. They form the well-known snow white patches.
In chronic cases, no doubt, they depend to some extent on local
choroidal ischaemia with consequent atrophy of the retinal cell
elements; in acute cases, and particularly in cases of parenchy-
matous nephritis of rapidly progressive type in the young adult,
the retinal vessels have presented no visible change, and these
cases undoubtedly involve a toxic factor, presumably blood-borne.
The amount of this toxic factor is a much disputed point, and

Barlow (Reference: Arch. of Ophthal., July, 1927) was of the
opinion that the cause of the exudate was unrelated to the state
of hypertension, while Izod Bennett (Reference: Problems of
Nephritis) looks to a pre-renal factor for the cause, both of hyper-
tension and renal vascular sclerosis; but no one has yet pointed
with certainty to any such factor, though many chemical con-
stituents of the blood have been blamed in turn.

In the arterio--sclerotic retinitis described by Foster Moore
(Medical Ophthalmology, 1925) the exudates are small and guttate,
and occur around the vessels in the superficial lavers of the retina,
and would seem to be associated with the arterio-sclerosis. Again,
a toxic factor has been presumed with no very definite evidence to
support it. In Barlow's (Reference: Arch. of Ophthal., July, 1927)
series of investigations those cases of hypertension withoutevidence
of nephritis showed, in general, little or no exudation. In associa-
tion with retinal arterio-sclerosis the mode of distribution has
resulted in many separate forms being described, but they are
manifestations of the same pathological lesion. In retinitis circinata
the exudate encircles the macular region on the temporal side
and proceeds in crescentic form towards the optic disc.

It would appear, however, that in many cases the exudate is
situated in the deepest layers of the retina and often deep to the
membrane of Bruch in the choroid itself. In these cases the
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VASCULAR CHANGE IN THE FUNDUS OCULI

exudate will be choroidal in origin and the degeneration of retinal
elements secondary to the failure of blood supply therefrom. To
this class belong retinitis circinata and senile exudative retinitis,
both terms of poor descriptive value, since the lesion is essentially
of the choroid primarily and of a degenerative nature. Perhaps
chorio-retinitis gives a better indication of its nature.

In acute or sub-acute cases of toxaemia, as in eclampsia, much
exudate may be found with little or no change in the vessels
beyond a generalized venous congestion, due, primarily, to
myocardial intoxication. In cases of chronic arterial disease,
however, the arteries will usually be found to be thin and pale with
a relatively high light reflex in proportion to their calibre, which
latter may also show variations both localized and general.
The condition of "senile exudative retinitis" has recently attrac-

ted much attention, and some authorities consider this condition
to be a manifestation of vascular sclerosis of the choroid.
The two sections above, taken from such a case, demonstrate

very clearly the condition of the choroidal vessels and provide
strong support for this view. The vascular changes of the choroid
seem to be peculiarly separate in incidence of age and progress
from those purely of the retinal vessels. Thus the age incidence
is in almost all cases above 70 years, and retinal vascular changes
are usually insignificant in degree. These cases also very rarely
proceed to a fatal vascular accident and are particularly chronic
in their slowly progressive course. Total loss of vision is practically
never found, in spite of the presence of serious deficiency occurring
early in the disease.
From the study of cases of retinal arterio-sclerosis at the

Birmingham Eye Hospital, I have come to regard a certain type
of retinal exudate as definitely associated with arterio-sclerosis.
This exudate is of a dull yellow colour, and may be found in
varying distribution and arrangement. One common situation is
the margin of the disc, where there may be seen a diffuse yellow
exudate fading imperceptibly into thesurroundingfundus. Another
type shows numbers of small yellow dots, each one of definite
outline, distributed over large-areas of the retina.

Another exhibition of this exudate, rarely seen, but very striking
when found, consists of a number of fine rays radiating from
the macula in perfect symmetry. The circle is very rarely seen
complete.

This radiating formation round the macula corresponds in type
to the "macular star" found in albuminuric retinitis, but is smaller
and of a more yellow appearance.
These exudates are often not at all obvious, and, unless

specifically sought, may lbe easily overlooked, especially when
appearing only in the guttate form and of small and peripheral
distribution.
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* t>4_=~iKsXg1
FIG. 6.

Microphotogtaph from a patient with Senile Exudative Choroiditis or
" Retinitis," showing the choroid only. Notice the distended veins and
the sclerosis of the arteriole in the centre of the section.
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FIG. 7.

High power view of the same section showing the condition of
the artery in greater detail.
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VASCULAR CHANGE FIN THE, FUN-DuS OCULI

In the sketches (see plates A and B) showing the differences
between the early and the late stages, these exudates are vaguely
shown and demonstrate the fact that they tone with the colour
of the fundus and are not easily apparent, in contradistinction to
the exudates of albuminuric retinitis.
The optic disc in retinal arterio-sclerosis is usually not much

affected until the late stages. In arterio-sclerosis with exudate
there is often a characteristic aggregation of exudate round the
optic disc. This exudate is very xmuch less defined in outline than
that of albuminuric retinitis and extends as a slightly pale yellow
mass of irregular outline from around the disc towards the
periphery. Similar patches commonly occur also in other parts of
the fundus, usually in close association with the larger vessels.
Papilloedema is not often seen in these cases and bears no apparent
relationship to arterio-sclerosis in the retina.

In advanced degrees of retinal arterio-sclerosis there is often a
characteristically waxy pallor of the disc due to ischaemia of the
nerve head. This often occurs in cases in which haemorrhages
and exudates in the fundus are notably absent and accounts for
the slowly progressive loss of vision in some cases which show
no such gross retinal lesions. The vessels, however, are very thin
and always show advanced arterio-sclerotic changes and the
ultimate prognosis for the vision in the affected eye is bad.
The exact pathology of the condition is still obscure, but it has

been put forward that the condition is due to changes in the small
vessels supplying the nerve trunk and the nerve head, which are
for the most part derived from the main trunk of the central artery
of the retina.

In attempting to estimate the relation of retinal arterio-sclerosis
to general vascular disease, many difficulties arise, since a great
many additional and disturbing factors must needs influence the
primary issue.

In the series of clinical cases examined I have endeavoured to
trace two groups: first, those whose only defect, on first examina-
tion, was a vascular lesion of the eye, and, secondly, a group in
which there was evidence of a major degree of vascular disease
shown in either the cerebral, renal or cardiac systems. Certain
aspects of these cases have perforce been neglected, the lack of
post-mortem examinations or other pathological material being
a serious, but unavoidable, deficiency.
The first group consists of 28 patients who came to my notice

in the out-patient department of the Birmingham and Midland
Eye Hospital. In these, evidence of vascular changes in the fundus
has led to a further investigation; in only one instance was there
a past history of a major vascular accident (T. W., aged 55 years).
I have tried to show to what extent the changes in the eye have
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coincided with some degree of involvement of the vascular system
as a whole. In estimating the degree of renal efficiency I have
taken, as evidence of early renal failure, a constant low specific
gravity of the urine and the presence of hyaline or granular casts,
or either separately.
There were also examined a number of cases in which a major

vascular accident had occurred, in this instance a group of hemi-
plegic patients, and in them I have tried to correlate the degree
of retinal change and the general condition of the cardio-vasculo-
renal system.

Cases of coronary disease and of renal arterio-sclerosis were,
unfortunately very few. I had hoped to be able,to record similar
observations on a group of cases showing the signs and symptoms
of coronary disease, but these I have had difficulty in finding. I
would have preferred this group to have been larger, but material
has been scanty. Cases of renal arterio-sclerosis have also been
difficult to find.

Extensive enquiries were made to establish a group' of cases of
essential hypertension and numerous cases were received, but
these all showed, on careful examination, a considerable degree
of general vascular disease which, while excluding them from
their original heading, provides an interesting light on the pos-
sibility of their early diagnosis by examination of the fundus
oculi, since in these cases the changes were well-marked, though
they may well have been cases of pure hypertension at an earlier
date.

In investigating the correlation of cases showing a diversity of
many vascular changes I have had resort to the notes of private
cases from which have been obtained the relative incidence of these
changes in some 150 cases. From these have been separatedagroup
consistingof thosecaseswhich havediedsince 1924 in circumstances
of vascular interest. Unfortunately, these notes present the difficulty
of obtaining accurate data in consulting practice in conjunction
with other doctors, and of' finding information on specific points
at a later date. The difficulty is accentuated since these cases were
not specifically examined from the view of this paper, and the
notes are therefore probably of well-defined changes only. The
difficulty of ascertaining, with any accuracy, the cause of death
has led me to an assumption, to some extent unjustified, that in
those cases where "sudden death" is the sole information, and
where there was reason to anticipate a vascular accident, the cause
of death was of this nature.
From the consideration of these cases many points of interest

have arisen. I will deal first with the outstanding features of those
cases which I examined. The blood-pressure in the group of cases
at the Eye Hospital shows a remarkably high average, both of the
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VASCULAR CHANGE IN THE FUNDUS OCULT

systolic and diastolic values, and usually has borne a definite
relation to the degree of vascular change seen in the fundus. In
these cases some of the lesions have, however, been relatively
mild, others have shown advanced vascular changes; in almost all
cases the heart has shown no sign of defect, excepting compensatory
hypertrophy. On the other hand, the cases of hemiplegia show
no consistent range of blood-pressure values, some of the pressures
being relatively low. However, it may be pointed out that many
of these patients have been bedridden for a number of years and
the blood-pressure now is no longer an accurate indication of its
state at the time of the lesion many years previously. Similarly,
the examination of the heart in cases at the Eye Hospital consis-
tently showed hypertrophy, while those at the Hallam Hospital
conveyed the impression of erstwhile hypertrophv, now modified
by years of bodily inactivity.
The urine in both groups shows a very considerable percentage

of patients in whom renal insufficiency is evident, with no history
or other evidence to suggest any cause of renal damage other than
vascular changes in the kidneys.
The degree of retinal arterio-sclerosis has shown no constant

relation to that found elsewhere in the body, apart from slight
cardiac hypertrophy; tlhus, while in my series of cases at the Eye
Hospital, the changes were in most cases well-marked, if early;
the hemiplegics did not show any further degree of change except
a notably higher proportion of pallor of the optic disc. This is
in general accord with the views of most authorities. On the other
hand, the presence of retinal arterio-sclerosis is probably always
associated with some degree of generalized vascular disease and
may provide an earlier indication of this than can be obtained by
general examination. In particular there is reason to believe that
the retinal changes may furnish a more exact indication of the
degree of general disease in the cases of essential hypertension,
since in this condition it is the small arteries, of the order to which
the retinal vessels belong, which bear the brunt of the disease in
its initial stages.
The age incidence of patients has, in the majority of cases,

been high and is in those years of life in which some degree of
vascular change is to be expected. On the other hand, in my cases
at the Eye Hospital, these persons showed no gross evidence of
such changes, till submitted to careful examination, which suggests
that, in the fundus, vascular disease may be appreciated earlier
than by general examination. It is only reasonable to suppose
that smaller arteries, under direct observation, should provide
earlier evidence of change than larger arteries, or the heart itself,
examined by indirect means only. -

In my cases other evidence of arterio-sclerosis was, in most
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cases, of very moderate degree, and consisted chiefly in elevation
of the blood-pressure, the diastolic value being of greater moment
than the systolic; of lesser degrees of cardiac hypertrophy; and
of early signs of renal inefficiency.
The family history of similar disease is in some cases very

striking, and, taking into consideration the frequency with which
no reliable information was obtainable, may be said to be of high
incidence. This feature is in favour of the hypothesis of a diathesis
in disease of the vascular system.

In general, the cases examined have shown no particular coinci-
dence of any one particular feature of retinal vascular change,
haemorrhage being the most common. The uniform freedom from
exudate in all but the most severe cases, in which there was usually
also marked deficiency of the renal function, is very striking.
The disproportion in the sex-incidence is, in mv opinion, due

to extraneous causes, and is characteristic of all phases of the
out-patient department of a hospital.

In reviewing the notes of private patients, certain features stand
out. The age incidence again is high-considering the variety of
the cases-the average age of 61.93 years, with the lowest instance
at 24 years and only four cases under 40 years of age, shows that
middle age and senility are the years of these changes. In the
fatal cases the average age was 63.0 years, the average period of
duration 4.4 years and the age at death averaged 67.4 years.

In the review are tabulated the incidence of certain features,
first, in relation to noted retinal arterio-sclerosis, and secondly,
where no retinal arterio-sclerosis has been noted. The statistics
are appended at the end of this paper. In all these cases the
incidence of noted retinal arterio-sclerosis is over double that of
those not noted as showing this; the proportion would doubtless
have been greater if observation of this feature had been specially
carried out. Again, as would be expected, retinal haemorrhage
is. more often associated with noted arterio-sclerosis of the fundus
than not, in the proportion of more than two to one. Retinal
degeneration shows an even higher proportion of nearly four to
one, a significant fact in view of the vascular origin and progressive
course.
The statistics of thrombosis of the central retinal vein and artery

do not give as high an incidence of retinal arterio-sclerosis as
might be expected, but this may be due to the difficulty of distin-
guishing the details of the fundus in cases of thrombosis of the
vein, and to the tendency to assume the presence of vascular
disease of the retinal vessels without specifically noting the changes
seen in the case of both venous and arterial thrombosis.
The cases of homonymous hemianopia emphasize the relative

infrequency of accompanying retinal arterio-sclerosis, while those
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VASCULAR CHANGE IN THE FUNDUS OCULI

of hemiplegia, cerebral thrombosis, and haemorrhage show the
reverse. I would suggest that herein is shown the tendency of
the changes of vascular degeneration to be more pronounced in
one system of the arterial tree than in another; in the case of
homonymous hemianopia changes of the vertebral, basilar, and
posterior cerebral vessels, and in the case of "stroke" in the
internal carotid svstem.

It is noteworthy, too, that in cases of renal disease without
increase of blood-pressure, such as the early stages of sub-acute
parenchymatous nephritis, retinal vascular changes do not as a rule
occur, while, when the blood-pressure is raised the retinal changes
are usually of an advanced degree. This supports the contention
of Izod Bennett (Reference: Problems of Nephritis) that a pre-
renal factor is the cause both of the raised blood-pressure and of
the renal disease in these cases, and that, in all probability, hyper-
tension precedes renal damage by a considerable period of time.
With regard to the prognosis for life, the presence of arterio-

sclerosis in the retinal vessels is not necessarily of serious import,
except in so far as there may be co-existent generalized vascular
disease.
On the other hand, the presence of vascular sclerosis provides

an ever-increasing possibility of the occurrence of thrombosis of
a retinal vessel. The prognosis for sight, therefore, should be
cautious.

In so far as the retinal arteries form part of the internal carotid
system, and lesions are often found localized to this system without
severe lesions elsewhere, the possibility of a cerebral vascular
accident is to be remembered and should always be kept in mind
in giving a prognosis in these cases.

However, the long period of immunitv from serious effects
achieved in many cases leads one to suppose that, bv leading a
strictly ordered life, the expectation of life is considerably better
than some authorities would admit.

Conclusions
1. Retinal arterio-sclerosis occurs in conjunction with general

vascular changes of a similar nature. It is, usually, however,
no reliable indication of the degree of generalized arterio-sclerosis.
Nevertheless, the examination of the fundi should not be neglected
in suspected cases of vascular disease, particularly in early cases,
since it may provide a valuable aid to diagnosis.

2. Retinal arterio-sclerosis should be diagnosed, in the early
stages, chiefly on changes seen in the veins. Gross changes of
the arteries are usually late and only confirm the existence of
similar vascular disease elsewhere in the body.
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3. The examination of the fundus oculi provides a means of
visible investigation of the structure of the smaller arteries which
cannot be obtained elsewhere in the body; it is therefore important
in all instances of vascular disease.

4. In cases of essential hypertension it is possible that the vessels
of the calibre of the retinal arteries, the smaller arterioles, are the
first to be affected, and that the changes in retinal vessels in this
condition are an early means of diagnosis both of the nature of
the disease and its degree.

5. The degree of retinal arterio-sclerosis is not necessarily the
same in the two eyes; the major ocular vascular accidents, throm-
bosis and embolism, are rarely bilateral.

6. The incidence of retinal arterio-sclerosis is higher in cases
of "stroke" than in homonymous hemianopia; this may be due
to a local preponderance of vascular disease in the internal carotid
and basilar arterial systems respectively.

7. In cases of cerebral vascular accidents the heart is found to
be normal. Hvpertrophy is the only change commonly found and
there is no evidence of a failing heart or of gross organic cardiac
disease in these cases.

8. In cases showing the early signs of renal inefficiency of
vascular origin, the retinal changes may be more easily perceptible
than changes in the vascular system in general.

9. Retinal exudate is not a common feature of the arterio-
sclerotic fundus and is usually late in appearance and of grave
prognosis; the exudate of arterio-sclerosis is to be distinguished
from the toxic "exudate" of acute parenchymatous nephritis.

Pallor of the optic disc, on the other hand, is not uncommon
when other clhanges are slight, but is usually associated with very
thin arteries.

10. There is reason to believe that certain types of exudate
originate primarily in a degenerative lesion of the choroid, to
which the retinal changes are secondary. Such changes may occur
apart from the changes of retinal arterio-sclerosis. Senile exudative
retinitis and retinitis circinata probably belong to this group. The
incidence is usually later in life and the prognosis for life sur-
prisingly good.

11. The prognostic significance of retinal arterio-sclerosis is
very unreliable owing to the .frequently localized extent of the
lesion. Its presence should, however, arouse caution and emphasize
the importance of a careful general examination of the vascular
system and of future observation.

12. The evidence found by these investigations points to the
extremely chronic nature of arterio-sclerosis and to the possibility
of its occurrence for many years without causing any gross ill-
health, and suggests that, if properly treated, it is not so serious
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a condition as the literature of recent years would lead one to
believe.

I wish to express my thanks to the medical staffs of the Birming-
ham and Midland Eye Hospital, the General and Queen's
Hospitals, Birmingham, and of Hallam Hospital, West Bromwich,
for the privilege of making observations on cases under their care,
and to the Editors for helpful criticism and revision of this paper.
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Appendix
The first group consists of 28 cases from the out-patient depart-

ment of the Birmingham and Midland Eye Hospital. The retinal
changes cover the whole range of vascular changes described
from the earliest to the most advanced stages.
The average age of patients=57 15 years.
The incidence in decades is as follows: under 40 years (1)=

3.51 per cent.; 40-50 years (4) =14.20 per cent.; 50-60 years (6)
= 21.30 per cent.; 60-70 years (13)=46.00 per cent.; over 70 years
(4)=14-20 per cent.

In these 28 cases the following table shows the incidence of
various complications:

Retinal arterio-sclerosis ... ... 28
Subconjunctival haemorrhage ... 2
Subhyaloid haemorrhage ... ... 0
Neuro-retinitis haemorrhagica... ... .1
Retinal haemorrhages ... ...
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Retinal degeneration ... ... 2
Thrombosis of central vessels of retina 6

venous 3, arterial 3

Waxy pallor of optic disc ... ... 8
Homonymous hemianopia ... ... 0
Stroke ...... ... ..... ... 1.
Diabetes ... ... ... -..
Renal disease with high blood-pressure 18
Heart disease ... ... ... ... 4
Lesions of central nervous- system 2

Stroke 1, Paralysis of 6th cranial nerve left 1

Primary renal disease ... ... ... 1
? (Eclampsia)

High blood-pressure ... ... ... 23
Relevant family history .. . 7

The second group consists of ten cases of hemiplegia examined
at the Hallam Hospital, West Bromwich.
The average age is 68.7 years.
The sex incidence is 4 to 1; females preponderating over males.
Retinal arterio-sclerosis of some degree was observed in all

these cases.
The blood-pressure was found very definitely raised in 60 per

cent. I have already commented on the reason for this figure
being so low.

Heart disease was observed in two cases and a suspicious history
of pain and indigestion, possibly of coronary origin, was obtained
in a t'hird.
The urinary examination was in many cases deficient; there

had been no examination of the centrifugalized deposit for casts.
Even so, three cases with certainty, and a fourth doubtfully,
showed evidence of-renal failure.
Although these were all instances of hemiplegia, only one

exhibited homdnymous hemianopia.
A family history of relevance was obtained in only two cases,

but the age and mental condition of these patients may have
contributed to so low a figure.
Other ocular conditions were found as follows:-

Retinal arterio-sclerosis only ... ... 2 cases.
Retinal haemorrhages and exudate ... 2 cases.
Lens opacity ... ... ... ... 3 cases.
Pallor of the optic disc ... ... ... 5 cases.
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Tho third group consists of a review of the notes of over 150
cases from consulting practice. I have already mentioned the
difficulties and disadvantages of this review, but there appeared
no other way in which a sufficiently large number of cases might
be studied to provide any reliable index of the proportion of
complications.
A sub-group consists of cases which have since terminated

fatally in circumstances suggesting disease of the cardio-vascular
system. The following table classifies the main points:
Number of cases-152.

(a) Number of cases alive-80.
(b) Number of cases dead-72.

(I) With retinal arterio-sclerosis-69.
Without noted arterio-sclerosis-11.

(II) With retinal arterio-sclerosis--57.
Without noted arterio-sclerosis-35.

Complications of group (a)-those still alive.

With retinal
arterio-sclerosis.

Subconjunctival haemorrhage ... 3 ...

Subhyaloid haemorrhage ... 1 ...

Neuro-retinitis haemorrhagica ... 1 ...
Retinal haemorrhage ... ... 19 ...
Retinal degeneration and exudate 15 ...

Thrombosis of central artery or vein 6 ...
3 venous, 3 arterial

Homonymous hemianopia ... 5 ...

Stroke ... ... ... 6 ...

Diabetes .... ... ... ... 3 ...

Renal disease with high blood-pressure 5 ...
Heart disease ... ... ... 3 ...

l coronary
Raised blood-pressure ... ... 20 ...

Pallor of optic discs ... ... 6 ...

Without noted
retinal

arterio-sclerosis.
0

... 0

... 0

... 2

... 4
.. 4

3 venous, 1 arterial

... 4

... 0-
1

... 0

... 1
mitral

1
... 0

Complications of group (b)-those dead.
M

art

Subconjunctival haemorrhage ...

Subhyaloid haemorrhage... ...

Neuro-retinitis haemorrhagica ...

Retinal haemorrhage ... ...

Retinal degeneration and exudate
Thrombosis of central artery or vein

Vith retina
erio-scleros

1
0

2
15
6
r9

Without noted
l1 retinal
3is. arterio-sclerosis.
... ... 5

3... ... 3
... ... 3
... ... 13
... ... 2
... ... 5
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With retinal
arterio-sclerosis.

Homonymous hemianopia ... 1 ...
Stroke .... ... ... ... 13 ? ...

Diabetes ... ... ... 2 ...

Renal diseasewith high blood-pressure 4 ...
Heart disease ... ... ... 5 ...
Raised blood-pressure ... ... 16 ...

Waxy pallor of disc ...

Sudden death, ? cause ...

2 hor

*. .... 15
... 11

Without noted
retinal

arterio-sclerosis.
5

... 5

... 4

... 1

... 10?
.. 3

monymous, hemianopia.

... 4

... 8

The sum total of these two groups results in the following tables:
Without noted

With retinal retinal
arterio-sclerosis. arterio-sclerosis.

Total number of cases ... ... 106 ... ... 46
Subconjunctival haemorrhage ... 4
Subhvaloid haemorrhage ... 1
Neuro-retinitis haemorrhagica ... 3
Retinal haemorrhage ... ... 34
Retinal dcegeneration and exudate 21
Thrombosis of central artery or vein 15
Homonymous hemianopia .. 6

"Stroke" ... ... ... ... 19
Diabetes ... ... ... ... 5
Renal diseasewith high blood-pressure 9

"Heart disease" ... ... ... 8
Raised blood-pressure ... ... 36
Pallor of optic disc ... ... 21

... ... 5

... ... 3

... ... 3

... ... 15

... ... 6
9

... ... 9

... ... 5

... ... 5

... ... 1

... ... 9

... ... 4

... ... 4
The fourth group consists of a few cases examined at the

General Hospital, Birmingham, with the object of correlating
coronary disease and retinal arterio-sclerosis. These have been
in many ways unsatisfactory, in so far as diagnosis of the coronary
lesion has been subject to human error; in only one case has an
electrocardiographic examination substantiated the diagnosis. This
group also includes a very interesting example of primary renal
disease in a young adult, in which changes in the retinal vessels
were conspicuously absent, in spite of a considerable degree of
albuminuric retinitis with exudate. Another case, that of a middle-
aged woman, was complicated by a history of gall-bladder colic;
in view of the comparatively low blood-pressure in this case I
was not certain of the correctness of the diagnosis of angina
pectoris. The case of bundle branch block was of extreme interest
in that the fundus showed an advanced degree of arterio-sclerotic
change without the appearance of either exudate or haemorrhages.
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