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Translucency of the Retinal Vessels
The translucency of the retinal vessels is their finest quality

and it usually is the first to disappear when any pathological
change occurs in them. The cause is not always sclerosis; any
toxaemia, for example, tonsillitis, measles, diphtheria, etc., can
change their translucency, and can do so in a short time. Bailliart
states that he saw the translucency of the retinal vessels disappear
in a few hours. I have had no opportunity of verifying this state-
ment, but I believe it is quite probable. Everyone knows how
quickly some infectious diseases attack the myo- and endocardium
-why should not the same happen to the retinal vessels? That
is why we often see young and healthy people with soft arteries
and normal blood pressure in whom the translucency of the retinal
vessels is lost. Careful enquiry will, in most cases, elicit a history of
some toxaemia in their past; but th,e salient point, which was the
subject of my first paper, is that o#e may see, although rarely, a
person with advanced involutionary arterio-sclerosis and good
translucency of the retinal vessels, provided the blood pressure is
normal. The appearance of essential hyperpiesis, even in a young
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person, means a quick loss of retinal translucency as a first change.
For eighteen months I tried to verify my own findings; I think
they were substantiated. I found a few cases of people of middle
age and even of over 60 years, where the translucency of the retinal
vessels was still preserved. On the other hand, I never saw a
case of diabetes with translucency present. In all my cases of
arterial hypertension, the translucency, was lost. That is why I
divided my sclerotic cases with loss of translucency into two
classes; one, where the blood pressure was normal, the maximum
diastolic pressure being 90 and the systolic 150-160-in a few
cases only was the svstolic 170-180, but then the diastolic was only
85; and two, where the diastolic was 90 and over and the systolic
from 150-160 up to nearly 300 in a few cases. In the first group,
the average age was 47 years 4 months, the blood pressure 128/78,
and of the 169 cases, 77 were males and 92 females. The youngest
patient was aged 21 years, and the low%est reading of blood
pressure in a patient was 110/50. In the second class, the
average age was 52, medium blood pressure 200/110, and of 269
cases, 107 were males and 162 females. The youngest patient was
aged 30 years, and the lowest blood pressure in one patient was
180/95 or 130/100. The higlhest in one patient was 240/175,
280/160,- 210/160, 300/140.
A man, aged 65 years, was seen by me over two years ago. He

was case No. 13 in my first paper. Bad pvorrhoea, deaf, hard
arteries, arterio-sclerosis second degree, blood pressure 130/75.
Translucency was present in most vessels, the veins when crossed
by arteries were not crushed and the shape was not changed, onlv
wrhite lines accompanied the arteries at the crossing points. Slight
tortuosity, if any, of medium arteries and arterioles. Eighteen
months after this examination, I found that the translucency of
the vessels was nearly gone. Definite white lines were present
at the crossings. In the right eye, a branch of the sup. temp.
vein was partly crushed by the artery. On April 9, 1927, the
translucency was completely gone in both eyes. Nearlyr all the
veins were deflected centrifugally and partly crushed. Blood
pressure 115/85. TIhe man was much more senile than previously.
On November 5, 1927, the blood pressure was 115/70.
Definite arterial pulsation was seen on the left disc, where the
arteries formed a kind of irregular rhombus, and partly on the
retina. It was not so distinct in the right eve. Tension by
palpation was normal. Lens opacities in the right eye.
A man, aged 58 ylears, was seen by me for the first time over tlhree

years ago. It was case No. 12 in my first paper. The blood
pressure was 190/90. Trainslucency was absent in the arteries,
but was still present in the veins, especially in the right eye.
Light reflex was altered. There was slight tortuosity of the
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SCLEROSIS OF THE RETINAL VESSELS

small vessels. Two years afterwards, his blood pressure rose to
200/95. B.E. translucency lost, copper-wire colour, light reflex
dotted. White lines on the disc and crossings. Veins were
crushed on the disc. No changes at the retinal crossings. He was
hypochondriacal and had severe constipation, but was not debili-
tated bodily.

Case No. 19 in my first paper-a man aged 54 years, blood
pressure 160/90, heavy smoker. No central scotoma for colours,
B.E. translucency present, small arteries tortuous. Two years
later his blood pressuire was 180/90. Translucency absent, copper-
wire colour, light reflex dotted. The veins were crushed on the
disc. White lines on the disc and crossings. Little change at
the crossings. L.E. A medium branch of the inf. ret. vein was
centripetally deflected by a crossing artery.
These three cases speak for themselves; with advancing years

sclerosis sets in; first the translucency goes; immediately after-
wards, or practically at the same time, appear the white lines at
the crossings-and then arterio-venous compression begins.
Two facts are important. The first is that involutionary arterio-

sclerosis does not attack retinal (and also cerebral) vessels in the
first instance, but only much later, or not at all. Bridgett proved
this microscopically by examination of the central artery of elderly
and sclerotic people. The second is that essential hyperpiesis will
alter the retinal (and therefore certainly the cerebral vessels also)
at an early age, quickly and permanently. As far as translucency
is concerned, essential hyperpiesis undoubtedly attacks the retinal
vessels as a site of predilection from a clinical point of view.
Together with the loss of translucency, the colour of the arteries

is usually changed. Instead of normal, rosy ones, they appear
" copper-wire." The explanation, of course, lies in the sclerosis
of the arterial wall, as the colour of the blood remains the same.
However, sometimes one may see a case where the translucency
is already lost, but the colour is still normal. In the group with
normal blood pressure, except in two cases where the translucency
of the vessels was not completely lost, we have translucency absent
in 98.75 per cent., the copper-wire colour present only in 79 per
cent. In the group with abnormally raised blood pressure, the
translucency is lost in 100 per cent. and the copper-wire colour is
seen in 95 per cent.-again essential hyperpiesis aggravates the
condition.

Together with the copper-wire colour goes the " dotting " of
the light reflex. This is a very delicate sign and its nature is still
unknown. It cannot be the hyaline spots in the arterial wall, as
it is seen too early for them to be present, and they would have
to be more numerous. IThere is a slight discrepancy between the
percentages of " dotting " and " copper-wire " colour in the first
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group: 76 per cent. and 79 per cent. respectivelv. One cannot,
however, rely on this as a mistake is so easily made. In the
second group they are the same. In my opinion, both of them
can be of mixed origin, caused by a spasm of the muscularis media,
and by histological sclerotic changes in the arterial wall.

White Lines at the Crossings
As mentioned previously, the white lines appear on the retinal

crossings immediately after the loss of translucency of the vessels.
Only once did I see them in a normal fundus. This origin points
to their nature; they are the sclerotic walls of the vessels. If the
reader will remember the complicated structure of normal retinal
vessels, and consider that these lines always appear on the extreme
outside of the vessels, he will be inclined to see in them, as I do,
sclerosis of the " perivascularis," but not of the whole vessel wall.
As the vessels run through channels in the retina, elastic ones to
allow of their pulsation, but still fixing them firmly by the mem-
brana basalis gliae to the supporting tissue of the retina, the
walls of those channels will be reinforced at the points where they
cross one another. Invisible in the normal fundus, they will be
the first to be seen when it becomes sclerotic. Accordingly, they
are seen in 44 per cent. in the first group, being by far the earliest
of the sclerotic changes, and in 66 per cent. in the second group;
here again the arterial hypertension aggravates the condition. In
diabetes they are seen in 65 per cent. Like loss of translucency
of the vessels, " copper-wire " colour and " dotting " of the light
reflex, they never disappear once they are established. The patho-
logical process may improve, the blood pressure may decrease as
a result of medication or vis medicatrix naturae, but they will
always remain as a permanent witness of sclerosis. Kriickmann
also points out in his paper the fact that the neuroglial cells, which
form the membrana gliae perivascularis, are most numerous just
at the angles where the arteries branch. The width of both peri-
vascular sheaths on either side is, in his preparations, equal to
half of the lumen of the vessel itself.'
The important fact that these white lines at the crossings

represent only the sclerosis of the " perivascularis " will be
realised when we describe the white lines accompanying the
vessels not at the crossing points, but on the retina itself. The
opinion is unanimous that they represent a perivasculitis, an
actual oedema and inflammation of the " perivascularis." They
are present in syphilis, nephritis, and retinitis of pregnancy. But
they look different. They are brilliant white, coarser, and
rougher than the white lines at the crossings, the latter being fine,
only whitish, imperceptibly fading into the wall of the vessel, very
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SCLEROSIS OF THE RETINAL VESSELS

difficult to draw, and in all my drawings they are a little exagger-
ated. This was not the fault of the excellent worker of Hamblin,
but my own, as I wished to emphasise them, as seen by red-free
light and in different phases of the pathological process.
White lines on the retina only, I saw very rarely; in 2 per cent.

in the first group, 4 per cent. in the second, and 4 per cent. in
diabetes. They represent consequently a very small minority,
being sclerotic or inflammatory. If a scheme were to be drawn
ulp it would be, according to my cases, as follows:

(1) Physiological-white lines on the disc. On the di-sc and
the retina in the immediate neighbourhood of the disc
usually without involving the crossings, or only those nearest
the disc, the white lines being absent on other retinal
crossings.

(2) Sclerotic-white lines on the retinal crossings.
(3) White lines on the retina only-always a serious patho-

logical feature.
(4) White lines all along the vessels-from the disc to the peri-

phery of the retina-an extreme degree of pathological
change.

The reader will find examples of statement No. 2 of the above
scheme in illustration Nos. 21, 24, 28, 30, etc.

Statement No. 1, mentioned above, is demonstrated by illustra-
tion No. 6; No. 3 by illustration No. 7; and No. 4 by No. 8. The
reader must remember that in the living eye all these particulars
are finer and more striking.

I think I can prove by a few of my cases that the white lines
are really due to sclerosis of the " perivascularis " and that this
sclerosis actually presses on the vessel wall. Such is the condition
in Fig. No. 28. 'T'he reader will see, on the nasal side of the disc,
a small arterial branch crossing a small vein. (This was really in
the other eye of the same patient and was transferred to this pic-
ture for economic reasons.) White lines do not accompany the
vessels on the disc, but they go for a distance on both sides of
the crossings. When first seen, in an earlier stage, they formed
a whitish.field, through which the vessels were running. The
vein was " banked," not immediately before the crossing as is
usually the case, but much farther away, where the white lines
disappear. Now, at the time of writing, a few months after the
drawing was made, the white lines are coming closer together and
the " banking " of the vein is gradually getting nearer to the
point of crossing. Is this not evidence of actual pressure of the
sclerotic perivascular channel, from without, on the venous wall?
What will happen if a vein .passes through between an artery

and its branch, crossing through-their junction as between the
prongs of a fork ? Or if it goes through a similar arterial fork, but
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reversed downwards? In the normal eye nothing will happen to
the vein, but it will be different ih a sclerotic eye. It is always
changed. The earliest stage is seen in illustration No. 22. The
end of the inf. cent. vein goes through and over the branching
of the inf. cent. artery; the vein is slightly " banked " before the
crossing and slightly crushed by the crossing. White lines accom-
pany the crossing vessel on both sides. In illustration No. 30 is
seen a more advanced stage. If in the previous case the vein
crosses under the artery and thus may be " banked," now it
crosses above the artery. In spite of this the vein is distinctly
collapsed, although it passes from above downwards. Also fine
white lines are present at this crossing. Another possible explan-
ation, instead of actual compression of the vein by sclerosis of the
" perivascularis " at the point of crossing, would be by gravity-
the vein makes a curve and simply hangs down because its col-
lapsible wall cannot sustain the weight of the blood; but this
explanation is -untenable. The formation is due to a congenital
pre-existing correlation of the vessels; and in the normal eye the
vessels cross one another in most fantastic combinations without
any such abnormal change. Moreover, I have seen a similar
combination in a normal eye without any alteration.
This is well shown in illustration No. 29. The vein crosses over

the artery. Observe how grossly it is banked and enormously dis-
tended. Fine white lines accompany the crossing. Immediately
after the crossing the proximal end is entirely collapsed. It was
indeed striking to see it as a fine violet band, running parallel
and above the artery to join the sup. temp. vein on the disc.
Beautiful white lines, like a white field accompany the vein, lying
between it and the artery. How can all this possiblv be explained
except by actual compression of this particular vein at the point
of crossing? Or, by collapse of the vein, which is crossing over
a harder artery. But this practically means the same thing--
sclerosis of the " perivascularis" of the artery.

Further proof of the sclerotic " perivascularis " is given by the
white lines between the vein and the artery. We can immediately
exclude perivasculitis; it would be on both sides of the attacked
vessel, not only on the side common to both of them. In my
opinion, it is simply the result of two channels of interstitial tissue
running parallel close one to another. Invisible to us in the normal
eye, they will become visible if attacked by sclerosis where their
walls are superimposed or simply adjacent to one another and,
therefore, naturally, more evident. The collapse of the vein in
this case has made the channel more visible, as it was originally
formed for the same vein when it was not sclerotic, nor collapsed,
i.e., much larger. These are, what I call in my analytical tables,
white lines between the vessels. They are best seen by red-free
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SCI,EROSIS OF THE RETIN.\L VESSELS

light. I saw them in 3 per cent. of my cases in the first group,
and in 5 per cent. in the second group-here again, according to
the rule, essential hyperpiesis aggravates the condition. How can
this be explained otherwise than by sclerosis of the " peri-
vascularis "? ''he vessels only touch one another; they lie on the
same level. T'his is seen frequently in the normal eye without any
change, of course. Therefore, Bailliart is inaccurate in stating
that the vessels never run parallel, as this would interfere with
vision. It seldom occurs, but it does happen, and they may run
parallel to one another for a considerable distance. Sometimes
it is difficult to differentiate between artery and vein, so close
together do they run. In the sclerotic eye, sometimes only a slight
contact of the artery is sufficient to depress the vein and bank it.
I even saw this in the process, so to speak, of formation. A sup.
temp. artery only just touched the vein, the artery being above.
h'l'e vein was crushed, nearly collapsed, with actual interference
of its circulation, the vein being distended just before the point of
contact. Farther on, the same artery again crossed the same vein
twice, without any change of the vein. Can this be explained in
any other way than by localised sclerosis of the " perivascularis
channel, where the artery touches the vein, as signified by the white
lines between them? Sclerosis of the " perivascularis " does it
by aggravating the pre-existing condition with all its mechanical
consequences, but not by creating a neuw correlation of the vessels.
On plates Nos. 21 and 27, one can see what perivasculitis is like;
on the temp. sup. artery it is whitish-blue, and runs on both sides
of the vessel. The inf. ret. vein and the artery are running parallel
to one another and on the same level. The picture, No. 27, is
incorrect in that the vein is distended immediately before and again
after the crossing of the artery, and a portion of the vein is
" banked " between the crossing and the point where the artery
touches the vein and the white lines between them begin to
be visible. 'The description is that the lower ret. vein is only
touching the arterv and the vein is depressed, crushed and
"banked." The foregoing phenomena have, as far as I am aware,
not been previously described and, of course, not explained. They
have nothing to do with the usual arterio-venous compression at
the crossing, as the vessels only touch one another.
Another illustration can be seen in Fig. No. 23. Just before the

first branch of the sup. temp. artery crosses the vein, the artery
touches the vein; the vein is collapsed and white lines run between
the vein and the artery. That this arterial branch is a real impedi-
ment to the venous circulation is shown by the centripetal deflec-
tion of the vein and its " banking " before the crossing. If the
artery did not touch the vein, the latter would be, most probably,
banked after crossing, as usually happens. In one case the
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narrowing and banking of the vein occurred in eleven days. The
reader can therefore see how important it is to examine the fundus
frequently and thoroughly.
To recapitulate: In my opinion, when the vessels cross, their
perivascularis " forms a reinforced channel, which binds them

together; the white lines at the crossings are the first sign of
sclerosis of those channels, which may actually press on the veins.
TIhe white lines between the vessels are the sclerotic

perivascularis."
I did not find much in the literature on this important subject.

Either it is simply ignored, or the statements are indefinite and
diverse matters are mixed together in one clinical picture. Frost
in his atlas (Fig. No. 84) faithfully reproduces the white lines
which accompany the sup. temp. vein especially where it crosses
the artery, but he does not describe or explain them. In Fig. 87,
if 1 am not mistaken, the periphlebitis of the sup. temp. vein is
drawn, but not described. On the other hand, he noticed the
white lines and even the fact that they were on the outside of the
vessel, p. 47. In de Schweinitz's book, I found only one reference,
on p. 519: " These (vasculitis and perivasculitis) are character-
ised by the appearance of,white lines along the vessels, or, rather,
the vessel walls become apparent by their conversion into whitish
tissue, due probably to an infiltration of the adventitia, composed
of lymph-corpuscles." In Gowers' book I found only the one
reference, on p. 198, which I have already mentioned. On p. 199,
he mentions the rare case where the blood column can still be seen
in a minute part of an otherwise opaque vessel wall. He thinks
that this is a sign of an anastomosis. It seems to me that the
explanation may be simpler; the wall of the vessel has lost its trans-
lucency and the perivasculitis does not allow the blood column to
be seen, but if a small point of the vessel wall has escaped the
perivasculitis, then, of course, the blood column will be seen there.
It is a minor point and I do not insist on the correctness of my
explanation, but the reader will see later that sclerosis can attack
a minute part of the vessel wall, as by predilection, without damag-
ing the whole vessel, and vice versa. On p. 210 he states-" It has
been thought that a careful recent microscopic examination of the
nervous tissues elsewhere reveals the occurrence of similar changes
in them. Gull and Sutton state that an extensive increase in the
supporting tissue of the nerve centres may be found in chronic
Bright's disease and the thickening in the supporting tissue of the
retina may be part of this change." In Parsons' Pathology I
found a few lines on p. 1286. On p. 1287, he makes an important
remark " fibrosis would be a more appropriate term for some of
the changes, and they are no doubt to be looked upon as a preserv-
ative tissue reaction against abnormal circumstances in the circula-
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SCLEROSIS OF THE RETINAL VESSELS

tion, a strengthening of vessel walls against undue strain." In Fig.
434, he shows fibrosis of the connective tissue in the wall of the
vessels, with intact intima. When speaking of perivasculitis, he
states that " it appeared that the longer the process went on, the
denser became the perivascular connective tissue." In Graefe-
Saemisch's Handbuch, Vol. VII, 1st abt., p. 84, I found a.descrip-
tion of changes in the vessel wall, caused by chronic inflammation.
They consist in hyperplasia of the tissue elements and interstitial
connective tissue, Wucherungen (? local growth) of the intima
and thickening of the adventitia. The proliferation of the inter-
stitial tissue leads to sclerosis and the thickened vessel wall be-
comes homogeneous and more refracting to light. On p. 92, as
criticised above, the white lines on the disc, at the crossings, and
on the retina are all mixed up together. On p. 102, it is stated that
Rahlmann found in 210 cases of arterio-sclerosis (unfortunately
no distinction was made as regards arterial hypertension) in nearly
50 per cent. sclerotic vessels-white lines, local narrowing and
enlargement. Farther down lie describes the views of Gunn and
Rahlmann on sclerosis of the retinal vessels. In his opinion, there
first appears the silver-wire artery, then the translucency of the
vessel is (a little) lessened! I found translucency completely lost
long before the appearance of the silver-wire artery. My analytical
table is the best demonstration of this. Moreover, I am under the
impression that Gunn was of the same opinion as myself. In his
famous paper before the Ophthalmological Society of the United
Kingdom, he states, " Loss of translucency. In health the retinal
artery is sufficiently translucent to permit of an underlying
vein being detected through it. One of the earliest indications
of change is loss of this power of transmitting light, and the
difficulty is soon increased by a manifest pressure on the underly-
ing vein." . . . And farther on, " Changes of the coat of the
artery . . . are rarely here accompanied by so much fibrous thicken-
ing, as to lead to the appearance of the white lines along the
vessel." Fuchs mentions only those white lines along the vessels,
and, in his opinion, they appear only very late, as I also think:

Conditions of arterio-sclerosis and high vascular tension are
often accompanied by visible changes in the retinal vessels . . .

in the later stages, white streaks along the arteries and veins (peri-
vasculitis) and haemorrhages. . . . They form a frequent and
early sign of general arterio-sclerosis, especially of the brain and
kidney." It is necessary to comment on this. First of all, it is
not to be thought that conditions of general arterio-sclerosis are
often accompanied by distinct retinal changes; they are not. The
analytical table shows this; any retinal change, although it may
be seen with a normal blood pressure, is still rare compared with
the frequency in essential hyperpiesis. Secondly, Fuchs speaks
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here of arterio-sclerosis of the brain and kidney-is it atheroma,
or senile kidney, or involutionary cerebral arterio-sclerosis, or
essential hyperpiesis? In involutionary arterio-sclerosis, there-
fore, in senile kidney, in my opinion, the retinal changes are not
frequent, and, if they are present, they are not early. However,
Fuchs' sentence would be entirely correct,- in broad terms, if he
were to speak not of " arterio-sclerosis," but of " high vascular
tension." Gunn, although very vaguely, grasped the difference.
" Old age alone does not produce these changes. . . . They start
between 40 and 50 in predisposed persons and increase more or less
gradually thereafter." In my first paper, the average age for
moderate hyperpiesis was 51, and for advanced 59-an average of
55. In this paper, the average age for advanced and moderate
hyperpiesis is 52. This may be a small point, but I cannot help
pausing again and paying tribute to Gunn. I have at my disposal
a luminous ophthalmoscope, a sphygmomanometer, and the
literature and experience of the profession for over 30 years, while
this remarkable investigator, working alone, without any definite
knowledge of the- medical aspect of arterial hypertension, without
modern instruments not only contributed the greatest part of our
knowledge, but even correctly pointed out the age when changes
usually commence.

I paid special attention to Bailliart's book " La Circulation
Rtinienne." It is the only work of modern times which specially
describes the retinal vessels and the retinal circulation. A very excel-
lent book indeed, but I cannot agree with many of Bailliart's opin-
ions. For instance, the structure of the retinal vessels is certainly a
very complex one, and Bailliart simply mentions that they represent
one endothelial tube inside the other. He does not mention at all the
important paper of Kruckmann, although the names of authorities
are very abundant in his book. That is why he makes a definite
misstatement on p. 15: " All the retinal vessels are situated in
the nerve fibre layer and are in contact with the membrana limitans
anterior, the only one which separates them from the corpus
vitreum." This can only be true if Kriickmann's description is in-
correct, and personally I think Kriickmann is correct. On the
other hand, he makes a very correct observation on p. 30, " In
the adult and especially in the aged you cannot see such mobility
of the arteries as in a child, as if the arteries were fixed to the
underlying papillary tissue." On p. 60, he participates in the
common mistake of text-books that the venous pulse may be seen
only on the papilla. On p. 84 and 113, he states, that " the
anatomic capillaries cannot make their lumen larger or narrower,
because they do not possess muscles in their walls," an idea which
has been shown to be completely wrong by the results of the re-
searches of Dale and other English workers. He does not mention
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SCLEROSIS OF THE RETINAL VESSELS

at all " dotting " of the reflex in sclerotic arteries, a phenomenon,
which can be seen only after some training, but which is met with
very often indeed. On p. 186, he mixes up, in my opinion, three
important, but different, signs-loss of translucency of the arterial
walls, perivasculitis, and endarteritis. On p. 189-190 he describes
the dilatation of the veins before entering the papilla, as mentioned
by me in the normal fundus, and regarded as normal by Frost,
but Bailliart does not give any explanati-on at al!, and I am afraid
that I am left with the impression that he thinks they are patho-
logical-this would indeed be a great mistake. On p. 191 he mixes
up, in my opinion, loss of translucency of the vascular wall with
periarteritis-two quite different and separate processes. He does
not mention at all the "white lines at the crossings," neither does
he mention arterio-venous compression.

Tortuosity

Tortuosity of the vessels is often increased; but it is such an
indefinite and elusive factor that in this paper I only considered it
as present where I saw the " cork-screw " vessels of de Schweinitz
or a very definite tortuosity of a- certain vein or artery between
otherwise non-tortuous vessels. De Schweinitz was the first to
describe these cork-screw vessels, and whoever sees them once will
never forget the picture, and will agree that the name is very aptly
chosen. On the other hand, the fact. that such a striking
phenomenon was missed by Gunn, Leber, Frost, and others, is the
best illustration of the truth of my introductory words to this paper
-that sclerosis of the retinal vessels is still incompletely known
and investigated, in contrast to retinitis, to which much more
attention has been given. Bailliart, if I am not mistaken, does
not mention " cork-screw " vessels in his book.
Swanzy thought that "two of the earliest signs of sclerosis of

the retinal vessels were: Their cork-screw appearance; silver-wire
arteries causing more or less a displacement of the underlying
veins where they cross the latter (Gunn's sign)." Fuchs puts
the signs in the following order:

"(1) Cork-screw appearance of the arterial twigs, while the
arteries from which they spring may be normal.

(2) Flattening of the veins by crossings and, later on, ampulli-
form dilatation of the veins.

(3) A dull red congestion of the disc.
(4) In the later stages-the white streaks along the vessels."

In my cases, I saw definite cork-screw vessels very seldom indeed.
Very typical " cork-screw " arteries I saw only, once, in a woman
aged 48 years, with a blood pressure 235/120. The arteries were
copper-wire, translucency was lost, and light reflex dotted. The
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veins were crushed by the arteries. But even if we reckon all the
cases-I saw tortuosity increased in 0.5 per cent. in the first group,
in 9 per cent. in the second, and in 8 per cent. in the diabetic group.
Silver-wire arteries were present in 0.5 per cent. in the first class,
16 per cent. in the second, and 7 per cent. in the diabetic group.
Deflection of the vein in both directions-centrifugally and centri-
petally-was seen in 26 per cent. in the first, 50 per cent. in the
second, and 60 per cent. in the diabetic group. Am I not there-
fore justified in saying that the cork-screw appearance of the vessels
is neither an early nor a frequent sign? Moreover, this may be
the reason whiy it was missing in the observations of Frost and
especially of Gunn.

I should like to mention that it would be incorrect to emphasise,
as Fuchs *does, the arterial character of the cork-screw vessels.
In illustration No. 13 most of the veins are of a cork-screw appear-
ance, and the arteries are not affected- at all. I am able to report
a noteworthy example. It was a case of a woman aged 50 years,
blood pressure 160/90, with an advanced sclerotic fundus. In the
right eye, the inf. cent. artery and vein, not far from the disc, are
surrounded by a field of white exudation and haemorrhages, the
vein already nearly represented by a white line. Farther down,
both vessels, although narrow, are still red; evidently the lumen is
not completely blocked by the narrowing nearer the disc and some
blood is still getting through. But immediately afterwards and
right up to the periphery of the retina, both vessels are completely
obliterated. They are narrow white lines. Their branches are
obliterated, too; but on 2-3 terminal vessels are aneurysms. They
are situated, like grapes, each on a minute vessel, and appear to
be not true aneurysms, but a conglomeration of distended capil-
laries, somewhat like a caput Medusae. In my opinion, they are
distended venules, because higher up their vessel forms a very con-
tracted vein, which joins the inf. cent. vein between the disc and
the first narrowing. If they were arterial, they would be collapsed.
Their distension is the result of an impediment to the venous
circulation.

Another case was that of a woman aged 55 years, blood pressure
300/140, with highly advaniced retinal sclerosis, and a retinal
haemorrhage in the right eye. In her left eye, near the inf. cent.
artery was an area of thrombosis and all small vessels nearby,
arteries and veins alike, were cork-screw. In illustration No. 12
such a cork-screw vein will be seen.
What is the cause of the increased tortuosity of the retinal

vessels ?
As far as the veins are concerned, there is little doubt that their

tortuosity is increased by some obstruction to the outflow of blood.
If, as in my case above, the obstruction is at the end of a branch,
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SCLEROSIS OF THE RETINAL VESSELS

the venules will be tortuous. If, in the lamina cribrosa, the large
trunks also will be tortuous. It is not-so easv to account for the
tortuosity of the arteries, and Gunn's explanation may be the
correct one,: " The tortuosity may be regarded as the result of the
vis a tergo-the- blood current going through a narrowed tube."
Sclerotic temporal arteries are also often seen to be unusually tortu-
ous. SQmetimes, -of course, there may be an obstruction to the
arterial circulation, when the artery may become tortuous; but this
is rather an exception and not a rule, and is contrary to what
Bailliart describes as the usual cause, on p. 182, without mention-
ing in this connection the name of de Schweinitz.

I have had the opportunity of seeing the tortuosity of the veins
increase all over the retina in a case of severe bronchial asthma.
This was a man- aged 38 years, very stout, with a fatty and diseased
myocardium. He nearly died last year from pulmonary infarct.
When he is nearly choked by an asthmatic attack, and is very
cyanosed, with the conjunctival veins enlarged and blue, his
retinal veins are very prominent, tortuous, large and practically
black. The discs are clear, and of a deep rosy colour. The arteries
are squeezed into the veins, especially the smaller ones, like a
rivulet in a gorge, but the arteries are uncovered on either side.
All the veins bank, like sausages. When the attack is over, they
again become normal. This proves once more that at the cross-
ing points -the vessels are fixed to one another and to the retina
also. The " banking " of the vein is not- produced here by a
sclerotic artery, but simply by a narrowing of the veins at the cross-
ing point by connecting " perivascularis." It disappears when the
outflow of the blood is again free. A gooa illustration of a similar
condition is Fig. No. 74 in Frost's atlas, where the grossly dis-
tended leukaemic veins are cut through by the arteries.
The waves of a cork-screw vessel may be directed in a horizontal

or a sagittal meridian.

General Narrowing of the Arteries
It is a general characteristic of sclerotic arteries throughout the

body, that they become narrow and elongated. There are
evidently two factors at plav-the cicatrisation, so to speak, of the
arterial wall and the spastic contraction of the muscularis media.
But again, as with tortuosity of the vessels, it is very difficult to
decide how great, pathologically, is the narrowing. Therefore, I
put in my statistics as "'narrowing of the vessels " only those
cases where the disproportion between the arteries and the veins
was very marked. I saw this in 3 per cent. of the first group,
6 per cent. of the second, and 4 per cent. of the diabetic group.
Gunn says that the arteries in a sclerotic eye are abnormally narrow
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and show an irregularity in their breadth. I divide these signs,
as, in my opinion, they have nothing in common. I call the
irregularity in the breadth of the vessels " change in the lumen
of the vessels," and this will be described presently. I should be
very reluctant to designate arteries very often as " narrow."
Possibly a partial explanation of the cork-screw arteries may be
found in this tendency of sclerotic arteries to elongate and narrow.
As there is not much room for the arterioles, fixed by their " peri-
vascularis," they attain the same result by becoming tortuous.

Silver-Wire Artery

This is, as everybody agrees, a very important sign of far
advanced sclerosis. The following is the original description of
Gunn: "The arteries have an exceptionally bright reflex; the
central light streak is very distinct and sharp, while the whole
surface of the vessel is of a somewhat lighter colour than usual.
.. . It was seenz in many cases with high arterial tension....
Ophthalmoscopic appearance is due to hyaline degeneration of the
arterial wall." I should like to correct this description. When
xvorking with a powerful ophthalmoscope, like Woolfe's, by in-
creasing the beam of light, I often obtained a silver-wire appear-
ance in the copper-wire artery. The bright reflex in the centre
of the vessel becomes more brilliant, larger, and covers nearly the
whole vessel; but the difference between the latter and true silver-
wire artery will be that fine red lines will be seen on either side
of the whitish line. In a true silver-wire artery the whole vessel
will be homogeneous in appearance and the red lines will not exist
at the sides. Of course, this can be seen and verified only by the
luminous ophthalmoscope which did not exist in Gunn's time. It
is simply the result of the higher refracting power of the arterial
wall and is usually seen on the large vessels near the disc. In illus-
tration No. 15, the reader can see what I mean. The vessels go
over a ridge in the retina and meet the light of the ophthalmoscope
at a different angle than at other parts of the retina; they have a
very strong silver-wire reflex, but are still accompanied by the red
lines. Limited by such a description, the silver-wire artery is,
comparatively, not so frequently seen. It was observed in 0.5 per
cent. of the first group, 16 per cent. of the second, and 7 per cent.
of the diabetic group. I say comparatively, because in the mind
of Gunn and even some modern writers, silver-wire arteries are
associated with arterio-venous compression (Gunn's sign); and
arterio-venous compression of any kind was seen in 26 per cent.,
.50 per cent., and 60 per cent. respectively of the above groups.

In a silxer-wire artery it is rare that any part of the vessel is left
intact or copper-coloured. Usually, the wvhole length is involved.
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I was often struck by the silver-wire appearance and tortuositv of
the small independent arteries around the disc. The chantge
appears in them first, and may be limited for a long time, whilst
the other arteries, especially the larger ones, are of copper-wire
colour. I am inclined to think that the appearance of those silver-
wire arteries around the disc is of much graver prognosis than that
of the silver-wire retinal arteries and their branches.
What is the cause of the silver-wire artery ? Gunn thought that

it was due to the lhyaline degeneration of the vessel wall. Leber, in
Graefe-Saemisch Handbuch, p. 871, thinks that the silver-wire
arteries of Gunn, which may be seen in cases of high arterial
tension and also in nephritis, are merely contractedarteries, with-
out an actual histological change. Frost does not mention the
name of "silver-wire artery,"but he states"that in chronic Bright's
disease the thickening is in the outer coat, so that the lumen is
not affected.... Careful examination, however, will often reveal
the presence of this hyaline thickening at the point where one
vessel crosses another." In my opinion, the true silver-wire
artery is a combination of spastic contraction of the muscularis
media, sclerosis of the perivascularis and actual histological de-
generation. That in all cases of arterial hypertension we have first
of all to deal with a long-standing spastic contraction of the mus-
cularis, which afterwards leads to myohypertrophy, and only later
to fibrosis, was shown by me, when discussing the general problem
of involutionary arterio-sclerosis and essential hyvperpiesis earlier
in this paper. Moreover, I tried to show, when describing the
white lines at the crossings, that they were due to sclerosis of the
perivascularis. We have all the more reason therefore to suppose
this sclerosis to be present in the silver-wire artery, which not
only is accompanied by the white lines at the crossings, but
usually causes in addition a compression of the veins, in which
process the sclerosis of the perivascularis also plays a very impor-
tant part. Leber points out, on p. 84, that in chronic inflammation
of the vessels we see a hyperplasia of the interstitial connective
tissue and thickening of the adventitia, which lead to sclerosis,
with the result that the thickened vessel wall is more homogeneous
and more refracting to light. Moreover, the seat of the light reflex
is most probably in the perivascularis and the muscularis media.
With the decrease of the muscularis media, the silver-wire reflex
also diminishes in the secondary and tertiary branches, to disap-
pear altogether in the arterioles. A diseased muscularis, in the
early stage of the affection, is most probably contracted, but later
on, the elastic and connective tissue elements multiply and replace
or rarefy the muscular fibres. TIhe result will be a true histological
change with increase of the silver-wire reflex, especially in its
width, because all pathological changes where connective tissue is
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concerned, be it perivascularis or adventitia, call them white lines
or perivasculitis, are characterised by their more or less brilliant
and whitish appearance. The third factor, hyaline degeneration,
is usually present in far-advanced arterial degeneration through-
out the body, and, therefore, in the silver-wire artery also. I am
prepared to go farther than that and say that I do not see any
reason why a spastic contraction of the muscularis media, pure
and simple, should make an artery silver-wire. I do not think that
it can seriously interfere even with the translucency of the arterial
wall, or play a part in producing the colour of copper-wire arteries.
The chief role is played by the actual, although slight, sclerosis
of the perivascularis and the vessel wall, and not by spasm of its
muscular fibres.
How long will it take for an artery to change from a copper- to

a silver-wire? In the case of a lady aged 63 years, with constant
arterial hypertension of 190-220/115, which seldom went down to
160-175/100 in spite of dieting and medication, the sclerotic fundus
was seen by me on August 8, 1926, and the first time that some
arteries appeared as silver-wire was on December 27, 1927, more
than a year afterwards. It would be difficult to generalise from
one observation,- but it is important to note that change of colour
of the artery is a lengthy process, in contrast to loss of translucency
of the arterial wall which can occur very quickly indeed.

Change in the Lumen of the Vessels
This-is a very important and grave sign of advanced sclerosis.

It consists of widening and narrowing of different portions of the
same vessel. An extreme degree of such an affection is the note-
worthy case of Raihlmann, quoted and reproduced in Graefe-
Saemisch, and a similar one on p. 187 of Bailliart's book. When
the larger arteries are attacked, they show a simple narrowing, but
their colour may still be copper-wire. When the small independent
arteries near the disc are attacked, they present a " beaded9'
appearance and are very -often of silver-wire colour. It seemed
to me that in many of themn, with red-free light, I could see their
external contour still unchanged, i.e., there was no actual narrow-
ing from the outside, but only from inside, as if the intima were
encroaching on the lumen of the arteriole.
Two remarks are necessary. When describing the normal

fundus, I mentioned the antero-posterior waves of the vessels.
Such a wave may give the impression of a narrowed portion of the
vessel, especially as it is often accompanied by a brighter light re-
flex; the clhange of refraction will show the vessel to be of the same
contour, but only lying deeper in the retina. Also, the student must
bear in mind, that the narrowed portion of the vessel may be-so

I
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SCLEROSIS OF THE RETINAL VESSELS 1

small and limited, as to measure only a few millimetres and is,
therefore, apt to be missed, unless it be specially looked for. Such
is the case in illustration No. 21. The nasal branch of the sup.
temp. artery is crossing and centripetally deflecting a secondary
venous branch; the portion of the artery between the border of the
disc and the point of crossing is narrowed.

In illustration No. 35 is seen a change in the- lumen of a venous
branch of the inf. cent. vein and in the sup. temp. vein and its two
branches. In No. 24 a change is seen in the lumen of a small
independent ciliary artery down and in, and in No. 21 in the second
branch (on the disc) of the sup. ret. artery. What is the cause
of these changes? First of all we have to exclude perivasculitis
which usually extends along the retinal vessels for a considerable
distance and may obliterate them, but, it does not cause narrow-
ing or a " beaded " appearance. This is demonstrated in illus-
trations No. 7 and No. 8. The generally accepted explanation,
based chiefly on the work of Hertel and Riihlmann in Germany, and
Coats in this country, is that it is caused by a hyperplasia of the
endothelium of the intima, endarteritis obliterans. Foster Moore
quotes Coats that " the above appearances are due to a prolifera-
tion of endothelium with little or no ground-substance between
them; it is characteristic for this form of disease to encroach on the
lumen in this eccentric manner." Parsons, p. 588, says that
" arterio-sclerosis is characterised in the retinal vessels by prolifer-
ation of the endothelium of the intima and new formation of con-
nective tissue, especially elastic fibres." Farther on he states: " In
very advanced cases is present a widespread endovasculitis
obliterans and proliferation of the adventitia, so that the walls are
enormously thickened." According to Graefe-Saemisch, Rahl-
mann found in arterio-sclerosis (210 cases) in 50 per cent. white
lines and local narrowing; in 22 per cent., only local narrowing.
Lurje frequently found a hyperplasia of the endothelium in
sclerotic vessels. Bailliart gives a concise extract of the views of
Hertel. " Hertel examined the retinal vessels of 14 persons, who,
suffering from angio-sclerosis, did not present any appreciable
visual trouble, but had more or less clear ophthalmoscopic signs;
tortuous course, irregularity of calibre, narrowing of the arteries,
accompanied by white lines, slight atrophy of the optic disc. He
divides the results of his investigations into two groups. In the
first one, there is no localisation of the lesions, which are diffused
over the whole length of the vessel. He states that the endarterium
is normal, the tunica externa is very rich in connective tissue, and
that the elastic fibres are present in great numbers, especially
in the tunica interna and media. Hertel at first attached great
importance to this development of the elastic tissue, but investiga-
tions on the vessels of young and healthy subjects showed him
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that this process was in no way characteristic of angio-sclerosis and
began in childhood."

In the second group, the more interesting, lesions are localised
in spots. There exists a considerable thickening of the endarter-
ium, the tunica interna being six or eight times thicker than
normal. The result is a considerable narrowing of the lumen of
the vessel, which decreases from 172-180,u to 92p.
Rahlmann observes that the vascular narrowings, seen with the

ophthalmoscope, depend on the hyaline proliferation of the
" mesarterium," noted already by Streiff. The whitish opacities
are produced by the thickening and opacification of the

periarterium."
I should agree entirely with all of this as far as the " beaded"

arteries are concerned, but how can proliferation of the endothelium
alone explain the narrowing of moderate degree of the arteries,
where one cannot see any encroachment at all on the lumen, where
both contours, the internal and external, are quite clear and
straight? By collapse of the arterial wall ? But would it collapse
if there still be a wide column of blood to prevent it? I was
puzzled fQr an explanation, when what seemed to me a solution
presented itself.

It was case No. 35. The changes were seen in the sup. temp.
vein and its two branches. The man was aged 59 years, with a
blood pressure 200/100. Five years ago he had a paralytic stroke
with involvement of the right side of his body; a few months ago
the same thing happened again on the right side. In both
instances he improved quickly. In the right eye I noticed that
the sup. temp. vein was changed in its volume and was covered
by a veil (a focus of exudation ?). The veil covered the vein com-
pletely, but the vein could still be seen through it, although very
dimly. This was on January 17, 1927. A few days afterwards,
the same veil appeared at the base of a branch of the vein. On
February 28, 1927, I made a note in my book: " Both the vein
itself and its branch are narrowed at their base; it is now not a
focus of exudation, but a distinct narrowing." On March 14,
1927, the focus of exudation around the main vein was disappear-
ing, so that the medial (nasal) side of the vein was clear, but .there
was a white area between the vein and the artery, running along
the vein. The latter was still narrowed. On March 21, a fresh
focus of exudation appeared on the vein, which was passing close
above the disc. On April 13, the white exudation disappeared
everywhere, leaving only narrowing of the vessels, and whitish
lines along them. On September 26, I noted that the veins, where
the exudation was, were now of more silvery-wire colour, but not
the true silver-wire. The illustration shows approximately the
state of affairs for the main vein and its upper branch on March
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14, 1927, and for its inferior branch on April 19. I was lucky
enough to see the same process in a few other cases. In one of
them it took 23 days for this veil on the artery to disappear, leav-
ing a local narrowing of the vessel. I was able to demonstrate a
similar striking case on the sup. temp. artery to Mr. A. H. Levy
at the London Jewish Hospital. By what is this process caused?
A general perivasculitis we can discard immediately, only a local-
ised portion of the vessel being affected. Therefore, it must be a
localised inflammation of the " perivascularis," a ring-like
sclerosis, pressing on the vessel from the outside. That it is the
"perivascularis " and not the intima or media is evident from the
character of the veil, covering the vessel from the outside.
Gradually this mist clears up from the centre outwards allowing
the borders of the vessels to be distinctly seen, but still remain-
ing on their sides as white lines. The deepening of the colour
of the affected vessel in a few months' time to nearly " silver-wire "
is a sign that sclerosis is still going on; and that it is " peri-
vascularis " is again confirmed by the fact that the exudation first
disappears from the medial side of the vein and forms a white
area between the vessels with narrowing of the vein. It is
analogous to the white lines between the vessels, as described and
discussed in the chapter on " White Lines." The process appears
somewhat different with an artery., It is seen to pass through a
focus of exudation .which envelopes it, but, in my experience, is
not so marked, nor so thick over it, as in the case of a vein. I
think the artery is simply seen better through the veil because of
its higher refracting power. A few weeks later the artery is
permanently narrowed.
When I realised what was going on under my eyes, I was rather

puzzled. Was it possible for the " perivascularis " to be sclerosed
on one minute spot of the vessel, without attacking a more con-
siderable part? I was greatly relieved when, in the " Annales
d'Oculistique " for 1926, p. 802, I found a histological examination
of a case of retinitis circinata by Morax, where he found such a
condition actually existed. " We think it is interesting to point
out the comparatively localised (circonscrit) character of the
vascular change. . . . We have to deal with a partial sclerosis,
affecting certain parts of an artery and not the whole arterial
branch."
To recapitulate. Besides the universally recognised local

narrowing of vessels from the inside, by endothelial hyperplasia,
it may be caused from outside by local sclerosis of the " peri-
vascularis." T'rue enough, I never saw it involve a considerable
extent of a vessel, but, theoretically, this is quite possible and, of
course, a succession of such local narrowings will cause a change
in the lumen of the vessel on a larger scale. The white lines on
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the borders of the vessels usually disappear in time-in contrast
to the white lines at the crossings, which are permanent. The
difference between this process and ordinary perivasculitis is
chiefly in direction and length, the former being transverse to the
vessel and short, the latter extending along the vessel for a very
long distance. We shall now try to explain the famous case of
Rahlmann, which, if Prof. Leber's statement, p. 96, is correct, the
former did not sufficiently elucidate. A woman who suffered for
years from chronic parenchymatous nephritis, cardiac enlarge-
ment and sclerosis of the larger arteries, had, soon after her con-
finement, a severe metrorrhagia and suddenly lost her eyesigh-t.
Two months after her sudden blindness Rahlmann saw her. Both
eyes were blind when the fundi were examined. The arteries were
extremely narrowed at some places, but wide at others. The
vessels did not show any "tragung" ("haziness," "loss of
translucency "). A few weeks afterwards the patient died and
Rahlmann examined the retinal vessels histologically. He found
only a hyperplasia of the endothelium and explained the whole
occurrence as due to an embolism. Leber does not think that this
case is a typical one of bilateral embolism, but does not offer any
other explanation. The ophthalmoscopic picture may be ex-
plained, in my opinion, differently. If the narrowing of the
arteries would indicate a blockage by endothelium-embolism, or,
more correctly, thrombosis-the arteries would be occluded and
obliterated. The widening of the arteries after the narrowing, is
the best proof that there was still present a blood-stream sufficiently
strong to keep the vessels dilated. To this must be added the
fact that ophthalmoscopically the vessels were not much changed.
Personally, I think that the translucency of the walls ought to
have been lost, but Rahlmann did not have a luminous ophthalmo-
scope and therefore could not increase the intensity of the beam of
light. If the endothelium blocked the arteries sufficiently, the
blood-stream would also be seen interrupted, as is usually the case
in typical " beaded " arteries. On the other hand, if the narrow-
ing were from the outside, as in my cases, it would fit in much
better. It usually does not greatly change the ophthalmoscopic
appearance of the vessels, and, attacking only localised parts of
the vessels, leaves the rest as wide as before; also it does not as
a rule completely interrupt the blood-stream. The patient was
ill for years previously and had ample time to develop this peri-
vascular narrowing of her arteries. The endothelium, from the
double provocation of the toxins and of the blood streaming
through a narrowed tube, would, of course, proliferate. What I
wish to point out is that the picture that Rahlmann saw had nothing
to do with the sudden and complete blindness. The latter may be
explained more easily by the sudden loss of blood, or perhaps by
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the thrombi which formed at all the narrowed places. In time,
the flow of blood would recommence and the vessels could be seen
again, but the blindness would remain. A similar case of mine is
described in the chapter on atheroma, but the normal " appear-
ance of the vessels" disappeared in time. In the case of Rahlmann
the patient died shortly afterwards.

In conclusion, I should like to mention that I Aaw a congenital
change of an artery near the periphery of the retina in the early
stage of a sclerotic fundus, with a normal blood pressure. The
affected portion of the artery looked like a cirsoid aneurysm. None
of the other vessels and their crossings showed any change at all.

The Arterial Pulse
The usual teaching is that the arterial pulse is commonly absent

in a normal person and can only be seen in pathological conditions.
Of all causes the first may be valvular disease of the heart, es-
pecially aortic regurgitation. Vossius thought that it was possible
to discriminate in this way between congenital and acquired
disease of the heart, but his view has not been upheld by others,
so far as I am aware. In text-books is usually found the statement
that the arterial pulse may be seen only on the disc, and Bailliart
also says this. In many of my cases where the blood pressure
was normal, in young persons, with marked, although well com-
pensated, valvular disease of the heart, I could clearly see the
arterial pulse far away from the disc. A curiosity I saw in one
case was a branch of the inf. cent. vein trembling synchronously
with the arterial pulsation; evidently the movement was trans-
mitted from an artery touching the branch. Sometimes one can
see pulsation, not directly, but by means of the curious light reflex
around the vessels, mentioned when describing the normal fundus.
In one case, that of a girl aged 21 years, with mitral and possibly
aortic regurgitation, well compensated, blood pressure 140/80, the
arterial pulse could be seen 2-3 discs away from the papilla, and by
more careful examination I could see it even in the secondary
arterial branches, 6-8 discs away from the papilla, especially in
their curves. The explanation is simiple; because of the incom-
petence of the valves, the heart beats more strongly, and each
pulsation means a brisk disturbance of the blood. The arterial
retinal pulse in a normal person can be more easily seen if the
arteries form waves.

In five sclerotic cases, in the aged, I saw an arterial pulse appear
without any lesion of the cardiac valves and with normal tension
of the eye-ball, as tested by palpation. In some of them the blood
pressure was normal, in others raised. Sometimes the arterial
pulse was more marked in one eye than in the other. It was
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usually more marked in the eye where the arteries described a curve
on the disc. This was the condition in the case fully described in
the chapter on translucency in the sclerotic fundus. Both arteries
formed a loop on the left disc, and with each pulsation I saw them
tremble and elongate as if trying to advance. The movement was
distinctly seen on the disc and less clearly on. the retina. In the
right eye, where the arteries ran without any curves, the pulse was
less distinct. His blood pressure was 115-120/75 and he was aged
67 years.
The other case was that of a woman aged 58 years, with a blood

pressure of 120/70. I saw her many times and examined her fundi.
On August 7, 1927, I described her fundus; translucency lost,
copper-wire colour, light reflex dotted. Spots of arterio-sclerosis
in the retina. In the right eye, a narrow, but very long, vein was
deflected centripetally by an artery. She again came to see me
on January 4, 1928, telling me that she felt sick and giddy. Her
blood pressure was 140/90. The veins were more crushed by the
arteries. The arterial pulse was seen in both eyes, especially in
the left one, where the artery formed a sharp curve. It trembled
and elongated with each pulsation. I was able to demonstrate
this to Dr. Batty Shaw, who saw the case in consultation.
The third case was that of a woman aged 66 years, with a blood

pressure of 230/110. On February 15, 1927, I described her fundi:
translucency lost, copper-wire colour, light reflex dotted, white
lines on the crossings. The veins (most of them) were deflected
centrifugally by the arteries, crushed, with interference of the
blood stream. In the right eye, the sup. temp. vein was crushed
by the first crossing, but was not changed at all by the second one,
2-3 D.D. farther on. I saw her many times afterwards. On
January 17, 1928, I noticed a change in the lumen of some veins,
especially in the right eye. On January 25, I observed that the
tortuosity of the veins was much increased; the arterial pulse could
be seen in both eyes, on the disc, especially in the right one, where
the artery formed a long arch.

In the first of the above cases, I saw the patient on April 3, 1927,
then not till November 5, 1927, when I first noticed the arterial
pulse. In the gecond case, the dates were August 7, 1927, and
January 4, 1928. In the third case-eight days. Possibly, in the
first two cases, the actual change also took only a short time, but
to affirm or deny this would merely be guess-work.
The youngest of my cases was a man aged 43 years, blood

pressure 130/85; fundi: translucency lost, white lines on the disc.
Otherwise normal.' Arterial pulse could be seen far away from the
disc. T.n.
The usual explanation of raised intraocular tension or lowered

blood pressure, it seems to me, does not meet these cases. My
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SCLEROSIS OF THE RETINAL VESSELS

explanation would be the following. In a vascular system that
has not lost its elasticity, the sudden rise of the pulse-wave by the
systole is counteracted by the contraction of the peripheral arteries,
" peripheral heart." That is why, besides many other reasons,
the pulse wave, when reaching the retinal vessels, is so modified,
that sometimes it cannot be seen. The tortuosity of the vessels on
their way from the heart to the eye decides the issue. Suppose
now that the elasticity and the contracting power of the peripheral
arteries were lost to a considerable degree and they were simply
rigid tubes, every systolic wave would then reach the eye suddenly
and forcibly, and it would make the vessels on the disc tremble and
elongate, affecting them at their curves where the pulse-wave
would strike and change its direction. In other words, I am in-
clined to think that in my cases the appearance of an arterial pulse
simply indicated a high degree of sclerosis, although in three of
them the blood pressure was normal.

Arterio-Venous Compression

This, in my opinion, is the most fascinating, the most easily
seen, and the most difficult to explain of all the phenomena of
retinal vascular sclerosis. Here again, the reader will have a
striking illustration of how deficient is our knowledge of retinal
vascular sclerosis, its aetiology, significance and mechanism.
Gunn was the first to notice and describe it, and gave us most of
our knowledge. Others only followed his lead, whilst Prof. Leber
devotes only half a page to a description of this phenomenon,
chiefly a very brief account of Gunn's and Raihlmann's views. The
fact that one cannot see the vein in such cases, Leber tries to
explain by its being depressed by the artery, and the observer
simply does not accommodate for it. This is rather strange. One
can accommodate for a long time and also change one's refraction
many times, and still not be able to see the vein.. " In any case,"
he writes farther on, " we must not consider as firmly established,
that the previously described pressure of the artery on the vein mav
cause any considerable impediment." If I correctly understand
him, Foster Moore in his "Medical Ophthalmology" nearly agrees
with the last sentence of Leber: " I am convinced that any
appreciable distension of the peripheral portions of the veins in
these circumstances, a condition, to which the term of " banking "

is sometimes applied, is of quite unusual occurrence." It is most
surprising not to find any mention of arterio-venous compression
in Bailliart's excellent book; it seems as if this phenomenon does
not exist for the learned French writer.
Even the description of this phenomenon by those writers who

have paid attention to it, beginning with Gunn himself, is very
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short and does not embrace all the variations; and the existing
explanation does not correspond with what I saw in my cases. In
other words, my facts do not fit in with existing theories.
Gunn states: " In some cases the vein is indistinguishable just

at the spot where it is crossed; it is distended peripherally for some
distance from that spot. . . . Influence of the arterial pressure on
the venous blood stream.... I he arteries are bright and show
marked pressure on the veins." Swanzy wrote: " The artery's
rigidity is shown by the indentation of the veins where it may pass
over them . . . . 'rhe constricted portion of the vessel may be so
limited as to involve only a couple of millimetres of its length and
is then very liable to be overlooked.... The degree of pressure
exerted by the artery on the vein may be so slight as merely to
flatten the vein or push it aside in the direction of the blood current
in the artery, whilst at other times it may be sufficient to constrict
the underlying vein, which then appears " banked " or, again,
an engorgement of the vein on the distal side of the artery may
show that the circulation in the vein is decidedly impeded."
Maitland Ramsay when describing the degenerative form of
albuminuric retinitis, says, " The artery loses its natural trans-
lucency and becomes hard and rigid; and, consequently, when it
crosses a vein, it not only conceals the latter from view, but also
mechanically exerts so much pressure upon its mwalls that the blood-
flow is hindered." de Schweinitz, p. 519, states: " The last
(impediment of the venous circulation by an artery) is a sign of
the utmost importance.... If the walls of the artery are thickened
by disease, it presses upon the vein, pushes it aside, or directly
contracts its calibre so that beyond the point of crossing there is
an ampulliform dilatation." Gowers, p. 10, says: " Occasionally
some of the retinal venous branches are found to be distended in
consequence of local pressure, from an overlying artery, whose
walls have undergone degenerative changes." Finally, Foster
Moore, p. 51, states that the vein is first hidden from view and then
follows the deflection of the vein. " The effect attained is that the
vein instead of taking a long oblique course under the artery, tra-
-verses from one side to the other by the shortest possible route; a
-similar phenomenon may be seen when a vein crosses over a scler-
osed artery." Now, how can pressure by the artery explain the nar-
rowing and deflection of the vein, if the latter crosses over the
artery ? All observers, excepting Foster Moore, missed this occur-
rence, and he describes it, but does not explain it. Or why, when the
same vessels cross one another many times, do they show different
changes at different crossings ?-as seen in illustration No. 20,
where, at the first crossing, the sup. temp. vein lies on top of the
artery and in spite of this is narrowed; at the second the artery
crushes and banks the vein; and at the third, it deflects the vein
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SCLEROSIS OF THE RETINAL VESSELS

centripetally (against its own direction). At the fourth crossing
the vein shows an " hour-glass " contraction, and at the fifth and
sixth, it is very little changed. The most important point is, how
can the artery which " pushes aside the vein in the direction of
the blood current in the artery " deflect the vein centripetally--
against this direction? These are the questions to be answered
and explained for the full understanding and appreciation of
arterio-vTenous compression. Let us first turn to the analytical
table.
The first sign, of course, is the impossibility of seeing the vein,

simply because the artery has lost its translucency and not because
the observer does not accommodate for it. IThe white lines at the
crossings appear next, or simultaneously. They are, in my
opinion, the early sclerotic " perivascularis." Then the vein be-
comes depressed, and later on depressed and deflected. In the first
group of my cases, translucency was lost in 98.75 per cent., white
lines at the crossings were seen in 44 per cent., veins were de-
pressed only in 7 per cent., depressed and deflected in 6 per cent.,
crushed and deflected centrifugally in 17 per cent., centripetally in
9 per cent. In the second group the corresponding figures were
10(0 per cent., 66 per cent., 7 per cent., 6 per cent., 36 per cent.,
and 14 per cent.; and in the diabetic group 100 per cent., 65 per
cent., 7 per cent., 4 per cent., 40 per cent., and 20 per cent. The
veins were crushed without interference with their circulation in
14 per cent., 18 per cent., and 35 per cent. respectively; with inter-
ference in 12 per cent., 40 per cent., and 20 per cent. Ihese
statistics will help us to clear up immediately a few important
points.

According to de Schweinitz, XVagener thinks that " in con-
secutive arterio-sclerosis, due to general vascular hypertension,
there is a straight arterio-venous compression (italics of de
Schweinitz), i.e., the course of the vein is not altered." It was altered
(in both directions) in 26 per cent. in the first group of my cases with
normal blood pressure, and in 50 per cent. in the second, where
the blood pressure was raised. Depression, and depression with
deflection, of the veins are remarkably constant in all three groups.
This is because, in my opinion, they represent an earlier stage;
they soon change to more advanced signs of arterio-venous com-
pression. I simply interpret this as due to the fact that I saw such
a proportion of the earlier stage in all my cases. On the other
lhand, if we take all forms of arterio-venous compression together-
the figures will be 39 per cent. in the first group, 63 per cent. in
the second, and 71 per cent. in the diabetic group. The corres-
ponding figures for the white lines will be 44 per cent., 66 per
cent., and 65 per cent. TIhis means that in the first and second
groups the white lines alxvays accompany arterio-venous com-
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pression, and sometimes they are present alone, especially in the
first.group. In the diabetic group, in a few cases, I saw the veins
depressed without being accompanied by white lines.

I shall first try to describe and explain the formation of the most
striking phenomenon-the centripetal deflection of the vein.

In the right eye of a man whose fundi I examined after his death
as reported when speaking of the'venous pulse, I saw on March
26, 1927, the main branch of the inf. cent. vein crossed near the
disc, but.still on the retina, by an arteriole or capillary, nearly
invisible, a branch of the main artery. The vein was crushed,
with white lines at the point of crossing; farther on the vein
crossed over the artery, was deflected centripetally and narrowed.
The vein was enlarged peripherally from this last point. On May
15, 1927, I noticed that the vein was deflected centripetally by the
arteriole, it was now narrowed and was in contact with the main
artery at two'places. On August 7, 1927, the vein was already
quite close to the artery. On November 19, the vein was touching
the artery. The arteriole increased in its visibility and was very
clear on November 13.
The next case is a man aged 63 years, blood pressure

240-265/130-150, with definite nephro-sclerosis. His right fundus
is reproduced in illustration No. 22, and the left one in No. 23,
both made on January 13, 1928. White lines are exaggerated for
the sake of contrast. They were best seen with red-free light. I
shall quote from' his history only the facts concerning the centri-
petal deflection of the veins. T'he first examination of the fundus
was made on December 2, 1926. Seen and examined many times
afterwards. On September 1, 1927, I noted that the right sup.
temp. vein was crossed by a small arterial branch (I thought this
was the first crossing, but later on another crossing appeared be-
fore it; it is the second crossing with the centripetal deflection of
the vein in the drawing) (vena 10, a. I, their approximate volumes).
The vein was sharply deflected centripetally, without interference
with the blood stream. In the left eye, the artery (sup. temp.)
only adjoined the vein, which was depressed downwards, without
any interference with the blood stream. On November 17, 1927,
I noted, " the right sup. retinal vein is crossed (1) by a tiny artery
which can be seen only between the artery and the vein and which
is already making a notch in the internal side of the vein, looking
away from the artery (first crossing in the illustration-v. 20, a. I.);
(2) by the artery seen on September 1, 1927; (3) also by a small
arterial twig, making a notch in the internal side of the vein. In the
left eye, a striking change is seen in the lumen of the a. ret. inf. and
its branches-they are covered with a white veil." On November
27, 1927: " R.E. a striking change in the lumen of the sup. temp.
artery (also shown in the illustration between the first and third
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crossings). Haemorrhages in the retina are seen near the cross-
ings noted on November 7, 1927.". On January 13, 1928, the
present illustration was made
The case, illustrated in drawing No. 24, is that of a woman aged

53 years, blood pressure 210-220/110-115. On March 20, 1927, I
noted "the right sup. temp. vein is crossed four times by the artery;
at the first crossing it is crushed, without being deflected; at the
second, it is sharply deflected centrifugally; at the third and fourth
.points a branch of the vein is crossed without any change at all."
On September 7, 1927, six months later, I wrote " at the third
crossing the vein is deflected centrifugally (this was not seen six
months before); at the fourth crossing is commencing a crushing
of the vein." On November 3, 1927, " at the first crossing the
vein is crushed; at the second the vein is crushed and deflected
centrifugally; at the third, the vein is crushed and deflected. A
small arterial twig deflects the main vein centripetally. Farther
on the vein is divided into two branches; the lower one is deflected
centripetally by the artery." I purposely give the descriptions of
my note-book, to substantiate myself. I always first examined
afresh the fundus and wrote down my observations, and only
afterwards did I compare them with my previous notes. The
illustration was made on January 13, 1928.
What I mean by centripetal deflection of the vein is demon-

strated in the following illustrations:
No. 35. The first branch of the sup. temp. vein at its second

crossing by a small arterial twig.
No. 21. The second branch of the sup. nasal vein is deflected

and banked by an artery.
No. 20. The sup. nasal artery on the disc is deflected by an

artery.
No. 18. The inf. vein is deflected by a tiny artery.
No. 25. The inf. temp. vein crosses the artery once-it is

narrowed and centripetally deflected.
No. 10. The sup. nasal vein is deflected by the first artery

crossing it on the retina.
No. 26. The sup. nasal vein, a large one, is sharply deflected

by a tiny artery.
In Frost's atlas, in Fig. 86, the sup. temp. vein is crossed by the

artery and centripetally deflected, without this being mentioned in
the text.

Let the reader remember that a centripetal deflection of the vein
may also be congenital, simply a wave, and the artery happens to
cross just at that point.

Altogether I saw centripetal deflection of the veins in fifteen
patients out of over 160 in the first group; in 37 cases out of over
260 in the second; and in the diabetic group in 5 out of 26. It was
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usually the artery which crossed over the vein. In only two cases
out of 57 did the vein cross over the artery and was centripetally
deflected-as in illustration No. 25. Usually in both fundi it was
only at one crossing, very seldom at two or more, that this
centripetal deflection was seen, the other veins being crushed
without a deflection or being centrifugally deflected. In one case
I saw the vein crossing over the artery, and even there, in time,
the vein became deflected centripetally, a striking demonstration
in my opinion, that the perivascularis, which binds the vessels
together, and not the artery itself, was the cause of the dis-
placement.

In describing the mechanism of this remarkable phenomenon,
I should give an outline of the ophthalmoscopic picture. First
one sees a tiny streak of whitish tissue which was not observed
previously, passing from the main artery or a large branch to the
neighbouring vein. The streak crosses over the vein and makes
a notch on the side away from the artery. Gradually one sees
this notch press inito the venous wall more and more and a c6ntri-
petal deflection forms slowly. At the same time a tiny, rosy,
nearly invisible line, is seen running in the middle of this whitish
streak; the streak grows whiter, more distinct and brilliant. At
the end of the process, the vein is deflected, the streak marked
(white stripes at the point of crossing) and instead of the rosy line
a tiny arteriole may now be seen.
We can suppose that the arterial twig is not a newly-formed

vessel-it is congenital, and the crossing always existed there.
There is no haemorrhage, nor exudation, nor any obstruction to
give us the right to suggest the formation of a new vessel. Gravity
-the weight of the arterial wall and blood-stream-we can also
exclude-it never affects the vein in a normal eye and also does
not increase in the sclerotic eye; besides, it is always a very tiny
vessel. So we are only left with sclerosis of the arterial wall and
sclerosis of the perivascularis, but the sclerotic artery is elongated
and not shortened; therefore, it ought to push the vein away from
the main artery and not pull the vessels together. Therefore, by
reductio ad absurdum, we are only left with perivascularis-
thrown like a bridge over the main artery and the vein, when
accompanying the crossing arterial twig. As a connective tissue
formation, when in a state of sclerosis, it will form a scar; it will
contract and therefore will pull together the artery and the vein.
The vein, the weaker of the two, will be bent and drawn nearer the
artery. That is why first is seen the whitish streak of tissue,
gradually increasing in its intensity; that is why it first makes a
notch in the vein, then squeezes in the wall and deflects the vessel.
That is why also the arteriole is not seen at first but is seen later,
when the contrast wvith the white perivascularis is greater.
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Sclerosis of the perivascular channel of the arteriole is the cause
of the centripetal deflection of the vein. It takes some time to
develop.

Centrifugal deflection of the veins, when crossed by the arteries,
or even when crossing over them, is of more frequent occurrence.
Soinetimes, it is accompanied by crushing and banking-signs of
actual impediment of the venous circulation-sometimes not. It
is difficult to decide which occurs first-the crushing or the deflec-
tion. If, for instance, we take all the cases, where the veins are
crushed with or without interference, they will form in the first
group a total of 26 per cent., in the second 58 per cent., and in the
diabetic group 55 per cent. The corresponding figures for all
deflections of the veins, centripetal and centrifugal, will be 26 per
cent., 50 per cent., and 60 per cent.; that is, nearly the same. The
crushing may be of a moderate degree or may be very extreme,
what I call an " hour-glass " contracted vein. This, of course, is
always a sign of very advanced sclerosis. In following up the
same case, one can see that this crushing increases with time.
The same refers to the deflection-it certainly increases with time,
but not in all cases. It is remarkable that often one particular
spot of a vessel is more attacked than the rest. By close study, one
comes to the conclusion that most of the manifestations of
sclerosis are local in origin for a particular fundus, that it is not
represented to the same degree throughout the fundus. This is
why in the same eye one part of a vessel may be attacked, and
the rest not at all. The only exception to this is loss of trans-
lucency. It usually occurs in all the vessels and it is very seldom
that a few of them still remain translucent. In a few cases I saw
a simple crushing of the vein transformed, later on, into a crush-
ing and centrifugal deflection of the vein, but I never saw a centri-
fugal deflection transform into a centripetal one, and vice versa.

In de Schweinitz's book, in plate No. 4 (retinitis albuminurica),
the sup. temp. vein is depressed, crushed and banked by the artery.
It is the same with the inf. temp. artery. A tiny artery crushes
and banks a venous branch of the sup. temp. vein. The veins
are not deflected. In Frost's atlas banking and crushing of the
veins are seen in drawings 14, 74, 75, 80, and 84. Of the illustra-
tions of this paper, No. 10 shows an " hour-glass " contracted inf.
cent. vein without any displacement. The sllp. nasal vein is
deflected centrifugally, but is less crushed. In No. 25 the inf.
nasal vein is " hour-glass " contracted and is commencing to be
centripetally deflected. In No. 18 the sup. temp. vein is " hour-
glass " contracted, without any displacement. In No. 14 the sup.
temp. vein is slightly crushed at the second crossing; the sup.
temp. artery is a good demonstration of what I previously called
" not a true silver-wire " artery. In No. 17 the sup. temp. vein
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is " hour-glass " contracted without any displacement. The same
occurs in No. 9.

In my own cases the " hour-glass " contracted and very banked
veins are shown in illustration No. 27, without any appreciable
deflection; the same is seen in No. 23 (peripheral crossings of the
sup. temp. artery). Highly instructive are the different crossings
of the same two vessels in No. 20.
The veins cross over the arteries, but are still deflected centri-

fugally. This is shown in my illustrations Nos. 23, 34, 35.
All these changes at the crossings are pathological, produced by

sclerosis. What are the elements in the process?
(a) The vein-this is always the weaker partner-the sufferer.

It shows by its crushing, deflection or collapse the degree and
character of the pressure under which it is. One would think that
sometimes a very large vein would be able to crush a tiny artery
by the sheer weight of its blood column; we can discard this
suggestion at once, because it never happens in the normal eye;
but it may happen in the sclerotic one, though very seldom. (See
below the chapter on aneurysms). In this case, evidently, the
fault lies with the venous wall and its perivascularis.

(b) The blood-column in the artery itself. It cannot affect the
vein at all, because, similar to the venous blood-stream, it is prac-
tically the same in the normal and sclerotic eye.

(c) The sclerotic arterial wall. This is the obvious cause.
Thickened, hardened, bent as it elongates, the arterial wall of a
sclerotic artery always crushes the vein by pressing on it, when
going over the vein, and deflects it centrifugally in the direction
of the arterial blood current and the direction of the elongation of
the artery; but this does not explain why it may narrow and deflect
centrifugally the vein, when the artery passes under it. It does
not explain why the same vessels at different crossings have
various changes, as the effect of the sclerotic artery is always the
same-crushing and centrifugal deflection of the vein.

(d) Here comes into the picture the sclerosis of the peri-
vascularis. For the purpose of illustration I have drawn this
imaginary scheme. Suppose the vein runs through the channel
A.B.C.D. and the artery through the channel C.D.E.F., or vice
versa. This connective tissue channel, when in process of sclerosis,
will contract in all directions, as does every fibrous tissue. It
will contract in the vertical meridian, pulling together the line
A.B. with the line C.D. The line C.D. will be the' central point;
it is the most powerful one, because it is formed by the meeting of
two walls of perivascular channels; moreover, the actions of A.B.
and E.F. are antagonistic, as each will pull C.D. to its own side.
The result will be that the lines A.C.E. and B.D.F. will be
shortened; they will press on the vessels inside the channels, they
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SCLEROSIS OF THE RETINAL VESSELS 1

will squeeze, and narrow them. The artery, with its strong
muscularis media, will withstand the pressure from outside, with-
out suffering any injury. The vein, with its collapsible wall, will
collapse inside the channel and will bank just outside it. The
natural tendency of the sclerotic artery to crush the vein will be
increased by this narrowing of the perivascular channel, and the
vein will be narrowed, even when it crosses over the artery.

~- _

C _ _ _ _

e X-

The channel will contract also in the horizontal diameter, the
lines A.C.E. and B.D.F. will try to meet--the lines A.B., C.D.,
and E.F. will be shortened. Again the artery will withstand this
with impunity, but the vein will be deflected in the direction of
this contraction. This contraction will direct itself from the peri-
phery to the centre, towards the disc, as the perivascularis
increases in thickness in this direction, or, to be more correct, it
decreases with the size of the vessel. Therefore, the natural
tendency of the vein is to be deflected centripetally by the sclerosis
of this channel, and this we have seen, when we discussed the
centripetal deflection of the vein, when this channel is unhampered,
because the arteriole is too weak to oppose it. In the crossings
of large vessels this tendency comes into conflict with the large
artery, which is bent as it elongates and deflecting the vein centri-
fugally. Should the artery be the more powerful or, perhaps,
should its wall become first sclerotic-the vein will be crushed and
deflected centrifugally. Should the perivascularis have the
greater effect-the vein will be crushed and deflected centripetally;
should both opposing forces neutralise one another-the vein will
be crushed, but not deflected. The natural tendency of the
sclerotic artery to deflect the vein centrifugally will be counteracted
be the natural tendency of the perivascular channel to deflect it
centripetally.
Those are the factors in the play. Their interaction will

explain, in my opinion, all the modifications of arterio-venous
compression. This 'will also explain why " the vein takes the
shortest route (Foster Moore)." It simply follows the contraction of
the perivascularis. Sclerosis, then, does not create new factors-
it simply operates on a pre-existing condition and aggravates it.
Therefore, a priori, it ought to be more evident on the disc, where
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the vessels are compressed even in a normal eye-and so it is in
life-the vessels in a sclerotic eve being more crushed on the disc,
than on the retina, but not deflected.

I have now to say a few words about minor points. Is the
venous circulation really impeded? Certainly it is. This is testi-
fied by the fact that often the venous pulse is interrupted. This
is seen from actual " banking " of the vein, which increases in
the same person with the progress of the sclerosis. This is proved
in extreme cases bv actual collapse of the vein, as is seen in illus-
tration No. 27. True enough, the impediment is not so severe
as to produce haemorrhages or oedema of the retina; but still it
exists. If the observer will notice the general direction of the vein
before' and after the crossing he will see that in the majority of
cases this is not altered, and therefore centrifugal and centripetal
deflection is a purely local condition, caused by local sclerosis, and
does not interfere with the general direction of the course of the
vein. Sometimes, he will find the peripheral end of the vein
deviated to another level than the proximal end. What is the
cause of this? Simply, in my opinion, the vein changes its direc-
tion per se at this point, congenitally; the artery jhappens to pass
over this spot and adds a local deflection through sclerosis, but it
cannot, obviously, cause a displacernent of the whole peripheral
portion of the vein.

Important is the fact that, once formed, those vascular changes
never disappear. The blood pressure may become normal, but the
perivascular and vascular wall changes will remain as silent wit-
nesses of the vicious past. That is why it is so difficult sometimes
to decide, in the aged especially, when one sees an advanced
sclerotic fundus and normal blood pressure, whether we are deal-
ing only with involutionary sclerosis; or whether hypertension
was present in the past.

Last year I had to attend a case of miscarriag,e. The bleeding
was so severe that at one time the systolic blood pressure fell to
30 mm. The reader wTill understand that I did not feel very happy,
although in the end the woman recovered. When I exam-
ined her fundi, writh the systolic blood pressure at 30 mm., I saw
the arteries very contracted, very rosy, but the crossings,
especially on the disc, still present without any appreciable change.
It was the same with the fundi that I examined after death. One
is inclined to think that pure vascular wall changes would not be
so constant, but change of the perivascularis would.

Aneurysms
Aneurysm of the retinal arteries is so uncommon that it mav

be looked upon as an ophthalmoscopic curiosity. Both the fusiform
and sacculated variety have, however, occasionally been seen."
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193SCLEROSIS OF THE RETINAL VESSELS

(Frost, p. 162.) " In the case of Story and Benson it was probably
due to degenerative changes, occurring in the vessel wall, in con-
sequence of retinitis." (Ibidem.) " The common form of cerebral
haemorrhage is due to the rupture of miliary aneurysms, that is,
minute arteries suffer in the nutrition of their walls which yield
before the blood pressure and dilatations are produced." (Gowers,
p. 135.) "They (aneurysms of large retinal vessels) are probably
congenital in origin." (Foster Moore, p. 230.) "The danger of rup-
ture of the aneurysms is not great." (Graefe-Saemisch, p. 24.)
" The cause of all aneurysms is always a rupture of the athero-
matous wall-a false aneurysm." (Ibidem, p. 25.) "The chief
cause is fragility of the arterial wall (calcification). The blood
pressure is only a secondary factor." " First is ruptured the
intima, then the media and the blood is under the adventitia--
dissecting (differzierenden) aneurysm. If the adventitia also
ruptures the blood collects in the perivascular lymphatic space-
spurious aneurysm. Pick and Ellis show that cerebral
haemorrhage is caused either by the rupture of aneurysms other
than larger miliary ones, or directly by the rupture of arteries.".
(Ibidem.)

In my cases, I saw miliary aneurysms only; one on the disc and
one on the retina in the first group, one on the disc and three on
the retina in the second. I am inclined to think that they are very
rare on the disc, and I am under the impression that Gunn, in
Gowers' book, is of the same opinion. It is not always easy to
decide whether what one sees is an aneurysm or a haemorrhage.
Once, on the disc, I saw the following picture; a tiny vein, with
a knot in the middle, joining the main vein. The patient was a-
sclerotic, with, a blood pressure 210/100, with two paralytic strokes
in his past. He was a man aged 60 years. One would think that
this knot was simply a point where two veins met, one of them
coming up from the tissue of the disc, but then the proximal end,
between the knot and the main vein, ought to have been larger
than the distal one, and it was not. So I was left with the con-
clusion that this was a true venous aneurysm, caused most prob-
ably, by a local atheromatous focus in the venous wall. In illus-
tration No. 34 is seen a small venous aneurysm, like an opened
umbrella over a venule. It has been there without any change for
two years. Is it not possible for it to have-been formed, like a true
aneurysm, by dilatation of the venule, if the blood-stream is im-
peded? In illustration No. 31, the sup. temp. artery crosses and
crushes the vein. The vein shows two aneurysms or perhaps
haemorrhages, as the contours are not distinct; but they are
certainly aneurysms in illustration No. 32. The explanation is
obvious. The nutrition of the venous wall is so much impaired
by the crushing that it gives way under the pressure of the blood-
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stream and there forms, most probably, a true aneurysm, before
the crossing.
What would happen in a similar case to an artery? Imagine

the sclerotic wall and chiefly the perivascularis of a very large vein
crushing a small and narrow artery. The muscularis media will
resist until the last and will react to the injury by contraction.
Therefore, instead of being enlarged before the crossing, as the
vein is, the artery will be contracted, but the crossing will impair
the nutrition of the wall of the artery. Therefore, the arterial wall
after the crossing will be weaker. The blood stream emerging
from under the vein will exert its pressure in all directions. The
weakened part of the arterial wall will not be able to withstand
this pressure and will dilate. Most probably, a true fusiform
aneurysm will be formed. This kind of venous and arterial
aneurysm which is not described anywhere, as far as my know-
ledge goes, I call "aneurysm by crushing." An essential con-
dition for its creation is sclerosis of the perivascularis, contracting
and pulling down the vein on the small underlying artery.
But will the blood current really emerge from under the cross-

ing with some force? On p. 85 in Bailliart's book will be found
the answer: " If you will examine the conditions of a liquid run-
ning out of a tube with a tap you will see that when the tap is
more open the pressure of the liquid and the speed of its running
increase after passing the tap, and its pressure is less and the speed
greater before it; and when the tap is less open than previously,
the pressure of the liquid and its speed are less after the tap, and
the pressure is greater and the speed less before the tap."
*Theoretically the arterial pulse ought to be present more frequently
in retinal aneurysm, but as a matter of fact, it is not. Leber
(Graefe-Saemisch, p. 23) also points out, as a noteworthy fact, that
the spontaneous pulse is often absent in retinal aneurysms.
What I believe to be the earliest stage of such an aneurysm I

saw in a man aged 36 years, with a blood pressure of 110/60 and
aortic regurgitation. Translucency of his retinal arteries was lost,
copper-wire colour, light reflex dotted. In the right eye, the first
branch of the sup. temp. artery was crossed by a vein (a. I, v. 3),
the artery was crushed, with a change in its lumen, and was
slightly pulsating. The reader will realise that to see pulsation
in a very small artery when, on the disc, the arteries were not
pulsating, was a striking phenomenon. Still, it existed, and
afforded me the best proof that crushing of one vessel by another
means an actual impediment of the vascular circulation.
The other case was that of a lady aged 51 years, with a blood

pressure 165/100. The translucency of her retinal vessels was
lost; copper-wire colour, light reflex dotted; white lines at the
crossings. The veins were c'ushed by the arteries with inter-
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ference of the blood-stream. In the right eye the sup. temp. vein
was crushed three times by the artery and showed an ampulliform
dilatation between the second and third crossings. A small branch
of the sup. temp. artery was crossed by the vein not far from the
disc. The artery was crushed and had an ampulliform dilatation
peripheral to the crossing, where it was very thin. The arterial
pulse was visible before the crossing, other arteries did not show
it. I saw her again eight months later. The arterial pulse was
less pronounced, practically gone. Aneurysm present.
The third example was case No. 30. Seen first on May 25,

1926, aged 55 years, blood pressure 210-250/140-130. A paralytic
stroke in the past. Translucency of the vessels lost, copper-wire,
in some places silvery-wire colour; light reflex dotted. The veins
were crushed by the arteries with interference of the blood-current
and deflected centrifugally. In the right eye the sup. temp. vein
was crushed by the artery. Farther on one arterial branch crossed
under the vein; the vein was decidedly elevated and sharply bent
centrifugally. A small branch of the inf. cent. artery in the left
eye (seen in the illustration) was crossed by a large inf. cent. vein.
The artery was crushed with an aneurysm on the peripheral side
of the crossing. No arterial pulse was seen. The illustration
was made on January 13, 1928, and ,all this time the aneurysm
remained stationary. It is quite probable that in the brain, where
the neuroglia and the perivascularis are much stronger than in
the retina,' such aneurysms, are produced more often than in the
retina.
Conclusions.-As far as my cases show, a 'true aneurysm may

be seen on the retinal vessels; it is generally of the miliary type.
In the case of veins it is formed by dilatation of a venule with
impediment of the blood-stream-in arteries by interference with
their nutrition; the danger of rupture is not great.

Retinal Haemorrhages

One old retinal haemorrhage was seen in group No. 1, where
no fresh haemorrhages were observed at all. In group No. 2, I
saw fresh retinal haemorrhages in 25 patients (9 per cent.) and old
ones in 7 patients (2.5 per cent.). In the diabetic group, there were
fresh haemorrhages in 4 patients (15 per cent.) and old ones in 2
patients (7 per cent.). I did not include here two cases of venous
thrombosis. This would bring the number up to 27 cases in group
No. 2. The fact of such numbers is very suggestive-enter
arterial hypertension and the number of retinal haemorrhages in-
creased considerably-a noteworthy fact that has been mentioned
many times previously.
The first and most probably the deciding factor is local degener-
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ation (atheroma) of the retinal vessel. This must be very marked
indeed, as the walls are supported by the perivascularis and by
the intraocular pressure. This may be the explanation why retinal
haemorrhages are so seldom seen in children with whooping
cough, although severe subconjunctival haemorrhages are a
common occurrence. Gowers, p. 28, says that " degeneration of
the retinal vessels is probably the most potent cause of haemor-
rhage, although it cannot always be demonstrated post-mortem."
This is also the opinion of Leber (Graefe-Saemisch, p. 498). As
in the case of aneurysms, fragility of the vascular wall increases,
according to my table, with increase of the arterial tension-i.e.,
atheroma is more often seen in combination with essential hyper-
piesis than with ordinary involutionary sclerosis. Again essential
hyperpiesis plays here the role of a primary factor, and vascular
changes proper are only secondary to it. The connection between
retinal haemorrhages and arterial hypertension was known long
ago, but the increased blood pressure was always regarded as a
secondary factor. " The chief cause is fragility of the arterial
wall (calcification); the blood pressure is only a secondary factor,"
says Prof. Leber, p. 26, when describing the origin of miliarv
retinal aneurysms. " General increased blood pressure seems to
be an occasional cause, for high arterial tension may exist when
no other cause can be discovered. . . . But it (the retinal
haemorrhage) is, on the whole, a rare accident, considering the
frequency with which high tension exists." (Ibidem.) As far as
my cases show, essential hyperpiesis probably first prepares the
way for a haemorrhage by local degeneration of the vascular wall
and then actually provokes the bleeding.
How does this bleeding occur? Very seldom, if at all, by

rhexis, as the vessels are surrounded by strong perivascularis;
more probably by diapedesis. However, in one case of fatal
albuminuric retinitis, I saw a large pre-retinal haemorrhage,
which I think, proceeded from the inf. cent. vein where crossed
and crushed by the artery. In two cases, I think, I saw the actual
process of diapedesis. In one case (in group No. 2) I saw a small
artery, when crossing a vein, accompanied by two rosy lines just
outside the vessel; the artery showed double contours of its wall,
imperceptibly passing into the retinal tissue. Gradually, in a few
days' time, the infiltration increased and the rosy lines were trans-
formed into the usual deeply coloured lines of haemorrhage. In
the other case (also in group No. 2) with a haemorrhage
on the retina below the disc, I saw a peculiar veil of dirty colour,
covering a point where the sup. temp. artery divided into a few
branches and at the same time crossed the sup. temp. vein. It
differed by its colour from ordinary exudation; it never developed
into a proper haemorrhage, and disappeared in a week or two,
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leaving behind a slight change in the lumen of the vein. I think
it was a slight sanguineous exudation.

Usually the haemorrhages proceed from the veins, but in a few
cases I was under the impression that they were arterial in origin
and twice I could prove it. In one instance, a case of retinitis
albuminurica, I saw on the inf. cent. artery which was oedematous
and swollen, 2-3 disc diameters away from the papilla, just outside
the blood stream, but still segregated from it by a whitish line,
between it and the perivascularis, a red ring appear around the ves-
sel. From the perivascularis it was also segregated by a whitish
line. It was very thin, bright red and very short. It completely
disappeared in a week or so. I think that it was an extravasation of
blood between the adventitia and perivascularis.
The other case is represented by illustration No. 36. A branch

of the sup. nasal artery divides into three small, narrow, but very
long arteries. The nasal one runs upwards, dividing itself again
into two branches with foci of retinal exudation in its area. The
middle branch is dark, thrombosed. (This was better seen in the
patient than in the illustration.) The third one is very faintly
seen on the temporal side. The nearest veins are the nasal vein,
dividing into two, and a small venous branch of the sup. temp.
vein. As the middle artery was thrombosed and its area was
covered with haemorrhages I think that I can assert their arterial
origin, the veins being far away.

It is rather curious to see how sometimes pathology points out
some unknown or undecided anatomical facts. We saw this
when describing the disc of a normal fundus. Prof. Leber does
not mention the work of Kruckmann and others; for him the
retina has only the membrana limitans interna, but on p. 507,
when describing some peculiar forms of retinal haemorrhage with
separation of the membrana limitans interna, he wonders what is
the intimate structure of this membrane, and thinks that it is com-
posed of two layers-the membrane proper and under it-Muller's
radial fibres and their endings. On p. 508, Leber admits that
there is an intimate connection (innige verbindung) between
the membrana limitans retinae and the glia at the border of the
disc.

In Fuchs' text-book, Edit. 1911, I found a statement that
retinal haemorrhages were so common with malignant disease of
the stomach as to help in the diagnosis; in a few cases of definite
carcinoma of the stomach I did not see them.
Speaking on the classification of retinal haemorrhages at the

conference of the Brit. Med. Assoc. in 1926, in an excellent paper,
Foster Moore warned the profession that a sudden considerable fall
in the blood pressure is not safe from the ophthalmological point
of view. It may cause retinal haemorrhages. This is correct for
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a local reduction, for instance, when operating in glaucoma, but
I wonder if a lowering of the general blood pressure would affect
such a jealously autonomous organ as the eyeball. Many times
I saw the blood pressure fall 100 mm. in 24 hours, often by a
liberal venesection, but never observed this to cause, a haemor-
rhage. On purely theoretical grounds one would rather expect a
thrombosis in the eye, as occasionally happens in other parts of
the body.

In the same paper the reader can see for himself how important
it is' to divide involutionary arterio-sclerosis and essential hyper-
piesis as clinical entities. Fos'ter Moore says (Brit. Med. Ji.,
December 11, 1926), " It is, of course, well recognised that folks
with a high systolic pressure, for example, in renal disease or
primary arterio-sclerosis, frequently have retinal haemorrhages."
No mention is made of the diastolic pressure at all. But what
really is primary arterio-sclerosis? If it be essential hyperpiesis,
then this disease has nothing to do with arterio-sclerosis. If Foster
Moore means involutionary arterio-sclerosis, then this disease is
not accompanied by raised arterial tension. I am inclined to think
that he means " essential hyperpiesis " and he should not use the
misleading term of " arterio-sclerosis." The same happens with
this writer on p. 85 of his "Medical Ophthalmology."
He rightly ascribes thrombosis of the veins to arterio-
sclerosis (atheroma, I should say) by pressure of the sclerotic
artery. But farther on he evidently does not differentiate between
essential hyperpiesis and arterio-sclerosis. " In addition the
systolic blood pressure in 40 of the 61 patients, on whom it was
taken at intervals, was on an average 180 mm., in 11 only was it
less than 160." It is the same with Maitland Ramsay. On p. 397
he says: " Arterio-sclerosis may show itself very early in the
retinal blood vessels and give rise to haemorrhage long before
there is any manifest renal inadequacy." A perfectly correct
statement, but instead of " arterio-sclerosis," " essential hyper-
piesis " ought to be printed.
What is the prognosis of retinal haemorrhages? Gunn, at the

meeting of the Ophthalmological Society of the United Kingdom,
after reading his famous paper answered a question of MacKinlay
by saying that he thought that -retinal haemorrhages are chiefly the
probable signs of an approaching cerebral haemorrhage. This is a
very pessimistic view. Foster Moore on p. 55 in his book says, "The
retinal haemorrhages are incidental to the arterial disease and
their presence in general does not convey any specific significance;
in some cases, however, an increase in their number precedes the
onset of serious symptoms." This is a very optimistic view. The
truth, in 'my opinion, lies in between. Perhaps nowhere else in
medicine can we see a better illustration of the rule that " all
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depends on the circumstances of place and time." If fresh retinal
haemorrhages appear in spite of a lowering of the blood pressure
in essential hyperpiesis, the danger is great; if they appear in
diabetes and if in spite of insulin the blood pressure is rising and
the specific gravity of the urine is decreasing then the danger is
great.

But, we can occasionally hear it said "A retinal haemorrhage
is so small! And often nothing happens to the patient for
years! " If we compare the amount of blood running through
the eye-ball with that running through the l'ung, the smallest
retinal haemorrhage will amount approximately to half a teaspoon-
ful of blood in the sputum. And surely such a haemoptysis will
move a physician to undertake a thorough investigation of the
pulmonary system, in spite of the fact that often nothing happens
to his patient for years after he has coughed up blood. The retinal'
haemorrhage is always a serious and temporary warning, although
it does not always mean immediate danger. And I earnestly wish
that its significance should be grasped and should lead to the
same thorough investigation of the reno-cardio-vascular system,
as a haemoptysis usually does for the lungs.
Summary.-As far as my investigations have shown, in spite of

the lack of direct anatomical evidence, the vessels in the normal
eye run on the disc and on the retina through channels of peri-
vascularis. T'he di'sc is covered by a transparent and strong mem-
brane of mesodermic origin. The vessels on the disc are under
pressure in the sagittal and horizontal diameters, which is greater
than that on the retina. When they become sclerotic they first
lose their translucency, then change their colour, and " dot "

their light reflex, then the sclerotic perivascularis appears, first as
white lines at the crossing points, and later on it takes a leading
part in arterio-venous compression. This thickened perivascularis
plays an important part in every pathological vascular process in
the sclerotic eye, but its action is chiefly a, local one affecting
separate parts of, the vessel, especially 'at crossing points.
Essential hyperpiesis greatly increases and aggravates all -the
sclerotic signs of the retinal vessels. It is quite probable that
there is a special predilection for the retinal vessels and that these
are affected more early and more severely than other parts of the
vascular tree, except the cerebral vessels and, perhaps, those of
the' kidneys.

(To be continued.)
CORRIGENDUM.

In Dr. Pines's article in our last number, on p. 97, in the penultimate line, for
"sum" read sun. On p.112, line.30, for "Figs. 1, la, 1b,"' read Figs. 1, la, lb, ic.
On p. 115, line 14, for " endothelial cells (C)," read e,-ndothelial cells (B).
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