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The ordinary eye affections occurring as complications
of Diabetes mellitus sre well known. It is unnecesssary even
to mention them. Glaucoma certainly does not belong to the
commoner sequelae of this disease. Indeed, if diabetes be a
cause st all, it must be rare, for how often do cases of glau-—
coma turn up at the larger cliniques and when it comes to &
question of operation and the urine is examined, there is the
usual note in the corner, Urine specific gravity .... acid or
alkaline, no albumen, no sugar. ‘

The objeét of this paper is to investigate and determing
if possible, whether there is any question of cause and effect,
whether glaucoma ever does occur as an affection of the eye,
directly or indirectly traceable to diabetes.

On the whole, the evidence to be produced below, seems
to be in favour of an answer in the affirmative, perhaps not so
much as a direct consequence, but after an intermediate stage
of diabetic hemorrhages. Of course it is plain enocugh to see the
relation between iritis with subsequent posterior synechiae or
an enlarged cataractous lens and subsequent glaucoma, but this
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has been previously worked out and any iritis or swelling lens
may cause this, hence also diabetic iritis and cataract. Apart
from these undisputed and long accepted relations, however, 1
wish to submit a few cases having a different causal connection.

My interest in this subject was aroused by a case of
glaucoma in & diabetic coming to lr. Parson's clinique in the
Royal London Ophthalmic Hospital — Moorfields. The patient had
a painful, blind glaucomatous eye, but on account of his dia-
betes, the eye was not excised. This induced me to look up the
pathological records at Moorfields where I found that during
the lasgt ten years, only four glaucomatous eyes had been ex—
cised in diabetic cases. Next I looked up the literature upon
this subject and was astonished to find that it had apparently
received but scant attention as i1s shown by the almost entire
absence of references with any bearing on the point. Thereupon
I decided to investigate this subject and through the kindness
of Mr. Greeves,thé Curator, I was allowed to make use of the
above-mentioned pathological material.

The number four seems extremely small for & hospital,
drawing from such a large community and possessing such a large
In-patient Department. But when we consider how loath any sur-
geon is to operate on a diabetic when the.anaesthetic is to be
general, we have & ready.enough explanation of the amall number
of cases which actually reach the pathology department of an
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eye hospital. Still more so, should the eye condition stand

in some possible, even though obscure relation to the gystemic
disease, for most complications of diabetes whether in the eye
or otherwise, are generally conslidered as warnings if not actual
danger signals. Hence we may safely conclude that though blind
and painful eyes are seldom excised in diabetics, the condition
itself and the sequence of ocular trouble preceding it, is by

no means S0 rare as the above number would seem to indicate.

As a starting-point then, I wish to submit these four
cagses from the Royal London Ophthalmic Hospital, followed out,
as far as possible, from beginning to end, i.e. the time of
patient first presenting himeelf for examination until the final
end of that particular eye,. excision and pathological section.
In addition, I shall give the clinical history of the case which
first aroused my interest in the subject, and the eye of which
I was most anxious to obtain for pathological section, but the
surgeon under whose care the case was, rightly refused to excise
it on account of the danger involved in general narcosis. The
eye was the more interesting as there was a history of having
used drops for some time and the question of atropin causing or
precipitating the attack of glaucoma might have been discussed

or even proved or disproved by the microscopic appearances.

CASE I. E.B., a woman aged fifty—one,first came to consult
Mr. Arnold Lawson in October 1909, 8She was then suffering from
failure



failure of vision in both eyes, Ophthalmoscopically the picture -
was that of hemorrhages of the retina and there being sugar in

the urine 3.3% but no albumen, the diagnosis of "diabetic hemorr-—
hagic retinitis" was sccordingly made.

On April 2, 1913, she was suffering from iritis in the
left eye, which she stated had been “"inflamed¥ for one week.

She was directed to use one half per cent. atropin drops three
times a4 day and to report herself in a few days. But it was
not till three weeks later, that she turned up again, having
been prevented from attending through the illness of her hus-
band. The pupil was dilated, tension %1, but went down lmme-
distely with the application of eserine. 8he was however, ad-
mitted and seeing that myotics were not keeping the tension
down, a parscentesis was done on the left eye on May 9, 1913,
followed by Herbert!s sclerotomy on May l4, 1913.

Three months later, she was again admitted for the left
eye. The right she could not complain ofi There was no in-
Jection anywhere, it had a bright cornea, a good anterior cham-—
ber and active pupil. However, there was only a dull fundus re-
flex, not permitting any details to be seen. The tension was
normal,

The left eye was injected though the conjunctiva was
clean, the cornea was dull and the anterior chamber contained
a large hyphaema. The iris was muddy, the pupil semi-dilated
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and inactive, and a very dull reflex was obtained from the
fundus, so much so as to suggest a hemorrhage into the vitreous.
The tension was now +1 and vision reduced to the barest percep—
tion of light.

Next day, August 16, 1913, Elliott's trephine operation
wag done which left a large filtering scar a few days later, but
the hyphaema in the anterior chamber persisted.

A week later, filtration was not so good, the anterior
chamber was deeper than before, but the hyphaema persisted.
There was much ectropion of the uveé, but a good fundus reflex,
the tension was again raised to +1l.

On September 2, 1913, the left eye was excised.

On leaving the hospital, the vision of the right eye,
corrected by glasses, was éfés,she has since been under observa-
tion and the sight of this eye is now (Jan. 14, 1914) reduced to
2/60’ which is not improved by glasses and I suggest that the
second eye is going exactly as the first did.

But to return to the excised eye.

This was fixed in Zenker'!s solution, washed, frozen, cut
in vertical section, passed through alcohol and iodine; and soaked
in celloidin. The appearances showed a shgllow anterior chamber
with occluded angles, hemorrhages in the vitreous and numerous

retinal hemorrhages, all the coats were however, in situ.
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MW‘ of the whole eye were

then made the optic nerve having previously been cut out and

set aside for separate serial section., The conjunctiva was
cedematous in the neighbourhood of the trephine wound. The iris
was adherent to the cornea peripherally to somewhat beyond the
commencement of Descemet!s membrane. There was sclerosis and
atrophy of the iris, . with. marked ectropion uveae and a vas—
cular membrane on the anterior surface of the iris. 1Its pos-
terior pigment layer showed ocedema for almost the whole length
of the iris. The tissuesg of the ligamentum pectinatum were con-
densed showing fewer endothelial cells than normal. The ciliary
body was atrophic¢, and the lens is not pushed forward up against
the iris. I

There is much thickening of the retinal arteries, with
plenty of hemorrhages into the substance of the retina, the in~
ner layers of which are atrophied. There is recent hemorrhage
into the wvitreous at the papillsa,

The choroidal vessels show general thickening of the
arterial walls whereas the veins are normal. The nerve was sep-
arately mounted and cut in series in coronal section, i.e. per-
pendiocular to the direction of the vessels and nerve fibres
(every third section being mounted and stained) and a special
examination made of the vessels and their walls. The nerve tis-
sue itself was atrophioc,
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At the papilla, recent hemorrhage into the vitreous was
abundantly visible, passing backwards from this section an
anterial branch with much thickened wall and & small lumen is
geen, The artery itself is seen in the next section whereas &
branch of the vein is cut longitudinally. Similarly in the next
until there is only the main vein and artery seen cut trans—
versely.

The branches are thick-walled, but the artery itself
shows such an increasing amount of subendothelisl thickening
that in the 24th section, fhe lumen though still present could
barely hold one red blood corpuscle, and the subendothelial
tissue takes up about five-sixths of the whole thickness of the
artery wall.

Meanwhile the vein has developed a thrombus which ex-
tends from the 1l2th to the 30th section, but still leaves the
lumen half its cross—section area. The lumen persistently di-
minishes from the place where the thrombus stops until in the
80th section,it reaches its min;mum, 4 red blood corpuscle dia~ '
meters, but this is by & uniform thickening of the wall, a peri=
Phlebitis. After this, the vein lumen increases, receiving tri-
butaries and though at sections 114, another branch is seen en-
tering it and at 129. there is again increasing periphlebitis,
the vein shows nothing further of interest.



The artery lumen as before-mentioned, is for all practi-
eal purposes occuluded at section 24. TFor 18 sections it can-
not hold more than 2 or 3 red blood corpuscles, then slowly in-
creases in size until at section 72 its lumen occupies about
one~third of its aréa of cross~section. After this, the artery
incresses a little more in parts, but there is nothing of fur-
ther interest in following it up.

Altogether 180 sections were cut, but though they com—
menced beyond the retinel end of the central artery, they did
not reach the proximal or cranial end of the artery and vein,
the nerve not having been éut long enough 1§?§riginal excision
eperstion.

The condition of thg retinal vesselsg then was one of

extensive and irregular disease, The centrasl artery was practi-
cally cccluded at one place, and its retinal branches irregular-

iy thickened. The central vein was not much more patent though
its minimum lumen still had a diameter of 4 red blood corpuscles,
Apart from the afore-mentioned thrombusiznd its retinal tribu-
taries sheow evidence of much periphlebitis.

This completes the miéroscopic findings in Case I.

CASE II. A man aet. 66 came under the care of Mr. Lawford on
April 28, 1905, He had consulted Mr. Tweedy a fortnight pre-—
viously who 1s sald to have reported the condition of the left
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eyeas "obscure and serious¥; the patient states that the eye
had become Yred and watery® three weeks before that and had
given him considerable pain at times. He also states that he
was suffering from diabetes for the last two years. On examp
ination of the left eye, this showed & discoloured iris, a
shallow anterior chamber,only a dim light reflex with no view
of the fundus. Tension was high + 2.

The right eye was apparently norma]_.} having a clear bright
cornea and iris, small active pupil, normal fundus and vision
of 8/g; tension normal.

There was no albumen in the urine which however, gave
a8 well-marked reaction to the sugar tests.

This was again examined on April 29, 1905 with the same
result. By now he complained of a moderate degree of pain,

After treatment with eserine failed, he was admitted to
hospital and on May 13, 1905, the left eye was excised, By that
time it had developed bullouskeratitis. The cornea was hazy,
there was much ciliary and conjunctival congestion, the anterior
chember was more shallow, the pupil was dilated eccentric and
inactive, the iris was dull, No view could be obtained of the
fundue but he still had 4/80 vislon and his light projection was
both correet and rapid. The tension was atiil_ +2 . The excised
eye was now subjected to exactly the same process as in Case I,
but horizontal sectiong were made of the globe.

The



— 10 w=

The corneal epithelium is partly lost, the anterior
chember is of good depth, but the iris is applied to the back
of the cornea at the angles. The lens is in situ and almost
fills the interciliary space. The vitreous contains a little
blood below. The retina is in situ, but studded with punctate
and mostly round hemorrhages of small size; there are no white
spots.

From the lower part of the disc, a membrane stretches
for about 1-1% mm.into the wvitreous, in which it ends by two
pointed proceéses which go off tamporally and nasally respective-—
ly. There are a few small vessels connected with the central
vessels, entering its base and it stretchéa for a little way be-~
yond the disc along an inferior temporal vessel, There is some
hemorrhage lying Jjust beyond‘its end in the vitreous. The dise
is little if at all ocupped.

dMeoroscopicsal Section.
The corneal epithelium is lost in places, the stroma is

normal. The corneo=iridic angle is blockeé?%oth sides about as
far forward as the end of the membrane of Descemet. There is a
vascular membrsne on the iris, the stroma of the latter is con-
densed and cgllular, but without any localised round cell infil-
tration. There are no diabetic changes in the pisment epithelium,
The anterior lens capsule shows a little pigment. The ciliary

body



pody and choroid are normal.

The retina is for the most part normal., In places there
is considerable atrophy of the inmer layers especially the nerve
fibre and ganglion cell layers. There is a considerable number
of hemorrhaaea-but they are all small, most are in the inner
layers, but & few penetrate to the outer and some even into the
sub-retinal space, There is yascular disesse of very irregularp
distribution, many vessels being quite normal while close to them

thickened vessels are found. Some of the smaller peripheral
arteries show marked degeneration with complete obliteration of
their lumina. The process is generally one of fibrosis rather
than one of endothelial proliferation. In placeg there is a
" little convoluted almost capillary lumen (probably of a vein)
with & few blood corpuscles in it, and surrounded by a large,
very pale area witﬁ gcanty oval nﬁclei; the lumen 1s lined by
& 8ingle layer of endothelial cells. In the equatorial region
over a small area, under a vessel,; the inner layers of the retina
are bowed out towards the vitreous and small cysts of hemorrhage
are seen in the intergranular, the ganglion cell and the nerve
fibre layers. There are ordinary cysts at the Quﬁkerrata as well,
‘and near the fovea, a few coaéula are seen in the intergranular
layer.

The nerve was now cut in series as in Case I, and showed
& very much distended vein on the disc which in passing through

the
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the lemins cribrosa suddenly becomes small and is encroached
upon from one side by cellular connective tissue. The vein
lumen also becomes divided into two by a delicate trapecula (of
detached endothelium ?). The lumen is, however, patent through-
out. BRBehind the lamina cribrosa, the vein lumen again becomes
larger, but is still smaller than normal and the wall abnormally
thick (fibrosis). The artery is widely patent and normal on

the disc¢ slso in passing through the lamina oribrosa and behind
it, in fact, it remains practically normal throughout. The

nerve is considerably atrophied and shrunken.

CASE III. This might be considered a mixed case of diabetes
and nephritis, but the diabetic changes in the pars iridica
retinee are so well marked that the predominence of the diabetic
intoxicsation is indisputable.

A, B., a male aged 67, came under the care of Mr.Lawford
giving the following history.

Seventeen years ago, he had received a blow on the right
brow, but he did not consider that the sight of the right eye
was any worse than that of the left for years after. But seven
and a half years ago, he began to notice that the sight of the
right eye was failing and on consultation was told the retina
was chagked“. He could read a newspaper with the other eye
(left ), but cannot give an estimate of the amount of vision of
the right. Meanwhile the sight of the better eye (left) has

been
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been stesdily failing. One month ago, the bad eye (right)
became "Yinflamed and red" and a week later, the pain began.
recurring at intervals. He had not vomited lately.

His general health had always been good and he com—
plained of no symptoms of diabetes. His arteries were fair
and the pulse perhaps suggestive of high tension, the knee-
jerks were absent, the urine contained a fair quantity of al-
bumen and sugar. _

On examining the right eye, this presented much con-
Junectival and ciliary injection, there was localised oedema of
the cornea in several bullae and the posterior surface showed
rather coarse light brown punctate deposits. .'me anterior cham—-
ber was rather deep and the iris of a russet hue covered by a
thick network of vessels on its surface. The pupil was more
than semi-dilated, elongated and fixed. The lens showed an
anterior linear and other indefinite interstitial 0pa,éity. There
was the suggestion of a fundus reflex, vision was reduced to hand
movements and the tension ralsed to -l;ﬁe left eye is inter-—
esting, its conjunetiva and cornes were normal and bright. The
iris was of a similar hue as the right, but had a less pronounced
brominence of vessels, chiefly sround the pupilary margin. The
pupll was likewise inactive to light and convergehce, vision was
8/g only, which was accounted for chiefdy by an irregular lens
opacity. The disc was pale with small arteries and showed numer-
oug hemorrhages near it, there was also & Bustrous white exudate

in
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in the course of the superior temporal vessels; the tension
was normal.” The bad eye (right) was promptly excised.

It was treated in the same manner as described in Cases
I and II, but the section went right through the optic nerve so
that this could not éubtequently be cut transversely in serial
section with the result that the minute changes in the central
vein and artery could not be observed as in Cases I and II. But
still the retinal arteries and vein are quite sufficient to give
an idea whether or no there is any likelihood of the central
artery and vein being diseased.

The eye was cut in horizontal section.

The corneal epithelium was stripping off in the area of
the ocedema mentioned in the clinical notes. The lens was found
in situ, likewise the retina and the choroid. There are many
small hemorrhages in the retina spreading in all directions near
the disc, present, especially in the macula. The retinal ves—
sels do not give the appearance of being enlarged nor the disc
of being swollen. Microscopically there is slight oedema of
the cornedl epithelium, the stroma however, is normal. The cor-
nea—iridic angle is occluded to about half the extent of the
ligamentum pectinatum, there is coagulum lying in the anterior
chamber which shows a fibrous membrane on the anterior surface
of the iris, especially well marked around its periphery. The
iris stroma is somewhat condensed and hypercellular.

Diabetic
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Disbetic changes are well marked in the pigment epi-
thelium, to suéh an extent that there is a loosening and par-
tial disappearance of this pigment with a tendency to hesaping
up of the remsins in the cell walls. This condition affects
both layers so that the dilatation is shown up well, in fact,
the posterior layer is actually seen projecting in folds in
places. This change is, however, not so marked near the sphinc-
teric border, and ceases most abruptly at the root of the iris.
Some small vessels are seen between these two layers., The cili-
ary body itself is slightly atrophic, and shows a few small
round cell infiltrations in some fibrous tissue on it inner as-
pect, The choroid is quite normal, The lens shows some cata~
ractous changes in the cortex.

Retinal changes are chiefly seen in the posterior part
egpecially near the macula. Hemorrhages present here, are usual-
ly small and confined to the inner layers, but reach in places
ags far out as the outer ﬁnclear layer. Between the nuclear
layers, there are also coagula present, some of which have a
homogeneous structure and are almost hyaline looking with nodu-
lar rounded outlines, others are granular and less definite in
outline. In the macula, these spaces are especially large, some
containing debris, some a fibrinous network and some being empty.
The fovea is occupied by a congeries of such spaces. Where these

spaces are present, the retimal elements are much scattered and.

distorted.



distorted. The rods and cones are usually present, but at

the fovea the cones have lost their ocuter limbs, The outer
nuclear layer suffers least but is thin and crushed up against
the external limiting membrane. The inner nuclear laye: is
much Bcattered,eapeciélly in the macula. The ganglion cell and
nerve fibre layers show a good deal of atrophy apart from prope

diabetic changes. :
distribution. A large ariery'on the papillsa showé eccentric
narrowing of the lumen from proliferation of its subendothellal
layers. A mscular artery showa'great thickening of its wall
with narrowing of the lumen, but many other vessels are normal.
The pepilla is of the myopic type, the nasal edge overhanging
in a long spur, the temporal side is more sloping, the pigment
epithelium ceases some disfance dut within which point the
retina is fused with the choroid. The nerve is atrophic.

CASE IV. No'clinical notes of this case are available. The
patient, a man, was a diabetic whose right eye was excised on
the Tfirst occasion that he was seen by the surgeon, Mr. Percy
Flerming. This eye was subjected to the same pathological
treatment as the pré&iouﬁ three cases, here too, the nerve was
unavailable for serial section, having béen previously cut in
horizontal section, together with the whole globe.

The cornea shows bullae below, the anterior chamber is
fairly deep, but the corneo-iridic angle is occluded. The lens

is
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i cataractous but in situ. There is much hemorrhage in the
vitreous,also several broad fibrous bands stretching in various
directions. A membrane stretches across in the region of the
ora serrata. Among the strands, cholesterin and coagulum is
gseen. The posterior part of the ciliary body and the anterior
portion of the choroid are slightly detached, leaving a sub-—

choroidel coagulum.

Microscoplcal Section.

There is some spreading in of the cellular tissue be-—
tween the corneal epithelium and Bowmen's membrane. Otherwise
the cornes is normal., The corneo-iridic angle is occluded on
both sides by adhesion of the iris, The iris stroma itself is
condensed and atroﬁhic, and congiderably infiltrated with pamdhw
es of lymphocytes in places. A fibrous membrane is present over
the anterior surfsasce. Between the iris and the lens, and around
the equator of the latter, there is a considerable quantity of
cellular tissue., In the lens itself, there are considerable
deposite of anterior capsular cataract and breaking down of the
cortex. The ciliary body is atrophic and somewhat infiltrated.
The posterior part of the ciliary body and the anterior part of
the choroid are slightly detached, leaving a subchoroidal coagu—
lum as mentioned in the macroscOpib section. The choreid is
very considerably infiltrated, especially anﬁerioriy and about
the equator. Posteriorly, there is less recent infiltration,

but
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but the choroidal structure is much destroyed, its st:oma is
condensed and fibrous, the vessels have disappeared and the
suprachoroidal space is obliterated. Plagues of bone are ac-
tually present near the nerve entrance.

The retina is detached from the ora serrata to the disc.
It is very greatly degenerated and full of large cystic spaces
containing sometimes blood, sometimes coagulum. In the sub-
retingl space, there is abundant blood which is undergoing or=-
ganisation apparently from the choroid. On the sufface of the
choroid, the process is most advanced, the pigment epithelium
is destroyed, & layer :of very dense, slightly vascular fibrous
tissue 1s seen on the surface with occasiohnal adhesions to:%hnrh
old where the membrane of Bruch is broken through. .In places,
the tissue is more cellular and recent blood and cholesterin
crystals spaces are present among it. Towards the aentre of the
Qlobe, the hemorrhage is more recent and unaltered, but some
strands of slightly organised cellular tissue run through it
4dn various directions. The nerve is atrophic and very cellular.
There is some organisation also on the anterior surface of the
retina, its blood-vegsels are tihroughout very difficult to iden-—
tify on account of the quantity of hemorrhage almost all over

the section, but what can be seen of them is_extensively diseage

CASE V. S. G., a Jew, aged 55, came_to,Mr@ Parson's clinique o3
January 21, 1914, suffering from acute glaucoma in the right eye.
He
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He had had "neuritis" and was treated for this in the
country. The right eye first became painfud about the gnd of
November of last year although he had seen haloes round lights
three months previously. About the end of December, he was .
treated with atropin and dionin,

On examination, the right eye presented the usual symp—
toms of glaucoma, c¢iliary injection, hazy cornes, shallow an-
terior chamber semi-dilated immobile pupil, tension + 2, with
no perception of light.

The left eye was practically a normal eye, tension nor-
mal, no cupping although the fundus ﬁas difficult.to see, vision
was 6/6 with his correction. There was much sugar in the urine,
He was treated with myotics leeches and hot bathing. The pain
diminisghed, but he was still very sorry for himself when he left
the hogpital on February 2, 1914, lMr. Parsons refusing to excise
the eye or do any operation whatever. 8ince then, he has been
to the out—-patient department, but I have been unable to follow
the course of this case any further.

The literature upon the subject as I have already men-
tioned, is exceedingly small.
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The Text books of Ophthalmology do not mention glaucoma
as s complication of diabetes at all. DFuchs does not say a
word sbout it in his classical work.

De Schwelnitz does not consider it in his "Diseases of
the Eye! and even in the larger reference works such &as Parsons?
pathology of the Eye! and Graefe—Sesemischts "Handbuch der ge—
ssmmten Augenheilkunde'; what mention there is made of it, is
indirect. |

True enough, Schmidtuﬂimpler in GraefenSaemiscélJmakes
the definite statement that "disbetes is not a direct cause of
glaucoma, but it exercises prob&biy g sufficiently unfavourable
effect upon an ordinary intercurrent glaucoma',

So it does, on practically any intercurrent disease,
ocular or otherwise, in fact? the above statement hardly brings
us any nearer to the truth.

zgxggné?)does not refer to it directly in his complica~
tions of diabetes, but in disbetic retinitis, he mentions
Y$hrombosis of the central vein, embolism of the central artery
and hemnrrha%ic glaucoma'. | .

'3)

Xnapp mentions a case where the patient suffered from
diabetes and obstruction of the central artery occurred in one
eye only, which later developed hemorrhagic iridochoroiditis,
and glaucoma followed probably as a consequence.

£4)gives a case of a diabetic with evidence of syphi-
litic disease, who also suffered from hemoptysis and liver trou—
ble, in whom slight albuminuria replaced the previous glycosuria.

The
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The general condition was thought to be hypertrophic hepgtic
ecribosis. There were few prodromats and blindness of one eye
resulted after vitreous hemorrhages and later "serous iritis
becoming the glaucomatous state®. A few months later, while
under observation, "hemorrhagic retinitis! developed in the
other eye, later still a pericarditis. Even this second eye
was lost through iritis and glaucomatous inflammation in spite
cf sclerotony.

m.;mb_gzsgs)mentiona a case of a patient of 68, with dip—
lopia on account of a right abductor paralysis. Patient also
had an incipient'cataract, developed facial paralysis next year
and had the left foot amputated two years later for gangrene.
There was very little sugar, but albuminuria. Next year, the
right eye developed "hemorrhagic retinitis” becoming hemorrhagic
glaucomasy soon after this, a severe hemiplegia of the left side
followeds ' '

Qggﬁéé)gives a case in great detail, of which the chief
¢linicsl pointé are as follows:i=

| A gentleman, aged 65, complained of gradusl failure of

vigion in both eyes for some months. In October 1904, right
vision suddenly diminished and patient presented himself for
examination. Right vision was 6/24, the pupils active, the ten-—
sion normal and the media clear. On ophthalmoscopic examination,
the superior temporal artery was found to be narrowed and the
blood stream within it was interrupted and showed the character—
istic breaking-up of the blood column. The circulation of this

artery was distinctly visible in its normal direction and ceased
altogether with the slightest pressure on the globe. The other

branches
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branches of the retinsl artery, beyond showing some thickening

of the vessel_wall, as evidenced by damming of the venous blood-
stream}where éﬁiﬁ@éﬂby the arteries, were normal. The veins were
normal., Around the macula, there were numerous small white retin-
al patches and scattered throughout the fundus, several small
striate hemorrhages. Examination of the field of vision showed
an absolute sector—ahaped defeet down and in, corresponding t¢
the block in the superior temporal artery. In the left eye,

the vision was also reduced to 8/33. Tn,pupil wascactive, media
clezr., Ophthalmoscopic examination showed retin&i-changes simi-
lar to the right, but rather more marked. The arteries present-
ed some asclerosis but were otherwise normal; the veins were nor-
mal, the field of vision was full. The urine was of high specif-
ic gravity and contained much sugar, but no albumen. The heart
and lungs were normal, Late in November 1904, sudden violent
pain set in in the right eye with vomiting. The patient was seen
two days later, when the right eye presented all the signs of an
acute glaucoma, with T +3 and no perception of light. The eye
was therefore enucleated next day. The eye and nefve were each
cut in serial section.

Briefly summarised, the pathological changes found were
as followsi~ Hemorrhages in the anteriar chamber which was deep,
hemorrhages also in the iris stroma, anterior portion of the
ciliary body and spaces of Fontana. Moderate adnesion of the

root
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root of the iris to the back of the cornea without much con-
densation or atrophy. Vacuolation and loosening of the pigment
epithelium strictly confined to the iris and not encroaching

at all on the ciliary body. Hemorrhages and exudative patches
in the retina. Narrowing of the lumen of many of the retinal
arteries by endothelial proliferation, amounting to complete
blocking in the case of the superior temporal. 1In thelmain stem
at the level of the lamina cribrosa, a localised nodule of en~
darteritis almost fills the vessel, but leaves a narrow RAumen
at one side. Further up the nerve, the artery is free for a
space and then again much narrowed by endarteritis. The vein
is cavernous within the lamina cribrosa; farther up the nerve,
it is small with round cell infiltration of its well, then be=
comes normel again in aize'éﬁd appearance,

I have quoted this case rather more fully as it is the
only one I could find in which a full pathological examination
in serisl section had been made both of the globe and the nerve,
in an undisputably diabetic casiaﬁfﬁgxﬂ;gﬂg (7 )wrote a monograph
in one of the Spanish-American journals, quastioning the exist-
ence of iritis and glaucoma in and by reason of diabetes. BHe
also asks whether it is legitimate to perform iridectomy in such
glaucomatous cases. It is a great pity that I could not get ac—
cess to this paper, I very much question whether it is to be
found in any of the libraries in London, certainly I did not

succeed



$ncdeecd in doing so. The contents of such an article might
have had a bearing of supreme importance upon my results, but
as I could find no further reference to it or its contents, it
is perhaps reasonable to suppose that it covered old ground
. and did not add anything to the knowledge of the pathogenesis
of glaucoma in diabetes,/ Mogkowitz (8) published a case which
seems an almost direct and affirmative answer to Alvaradol!s
questions. An insurance agent, single, aged 64, came up for
examination in May 1909. Vision had been failing for eighteen
months in the right eye and was now reduced to perception of
light. This eye never improved again and no further mention is
made of it. The 1eft‘eye is the important one, it had vision'
of fingers at one foot only and tension + 1, the cornea was
clear, the pupil acted to light sluggishly, the fundus showed
no cupping of the disc. There was no personal or family history
of importance. The urine contained sugar only. With dieting
and myotics, vision improved to 20/g,, in a fortnight, an imi-
dectomy was then done and a month after operation, vision was
20/40 partly, when corrected with the right sphere —2. On dis-
charging the patient, he took to his o0ld diet and habits again,
his vision was reduced to 20/,, in three weeks and he was ulti-
mately sent to a general hospital for-giaﬁétic treatment and to
regulate his loose habits.

Moskowitz then in discussing the case, dismisses all other
Possible predisposing causes of the glaucoma, such as hypermetro-

pia, for the patient was myopic, sex and race for he was a male

and
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and a German, not a Jew. Nelther was there any hereditary
predisposition to glaucoms and by & process of exclusion, and
perhaps still more by his therapeutic results, diabetes becomes
the causal factor. Regarding the good progress of the eye be-—
fore and after operation, one wonders how much of this is due
to the iridectomy and myotics and how much to dietetic treat-—
ment, its later behaviour and the condition of the other eye,
'rather éuggesta thax after all, it will also fall into line
with the other cases mentioned in my paper.
So far the case is recorded, and on the whole, seems

to be quite different from the others. But the details given,
are not exact enough, no mention is made of the presence or ab-
sence of hemorrhages anywhere, in the retina or vitreous, wheth-
er there was any retinitis éx all, Indeed, a fundus in an eye
with such poor sight,.is during an acute attack, very difficult
to see to investigate such "minor clinical points' which for
the purposes of this paper, however, are most important. And
as the case is a purely clinical one, it is only valuable as an
example of glaucoma ogcurring in a pﬁtient with diabetes,

| Let us sum up the important points of the various cases
mentioned and in doing so, leave those cases to the last ,of which
pathological examinations were made as they require fuller dis- |
cusgsion.

Knapps case commenced as an obstruction of the central

artery



artery of the retina, later hemorrhages and glaucoma.

Leber's case can hardly be considered a diabetic at
all, The patient suffered from a multitude of things, amongst
which certainly vascular disease must take a prominent part and
both eyes developed glaucoms after hemorrhages.

Hirsehberg?s case also i1s more likely of albuminuric.than
glycosuric origin. Here too thqugh, hemorrhagic retinitis pre-—
cedes glaucoma,

Case V. looks like an intercurrent glaucoma precipitat-—
ed by atropin, though paxhological examination might have dis-
proved this by noting the condition and relative position of
the ciliary processes lens and iris, etc.

To come to those of which microscoplc sections were
made. -

Coats case was undoubtedly & pure diabetic for there
.was no albuminurias, the heart and lungs too, were normal.

There was gradual fallure of vision associated with vascular
thickening in the left eye. Sudden diminution of sight in the
right eye followed some two months later by acute glaucoma,

and excision. Pathologically the anterior chamber was deep,
showing hemorrhage, the iris ciliary body and spaces of Fontaha
showed hemorrhages and the root of the iris was adherent to

the back of the cormea. The retina and central vessels showed
extensive vascular diseasg hemorrhagea and enudates,

Cage
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Case I had diasbetic hemorrhagic retinitis four years
previouély. Paracentesis and sclerotomy were tried, trephine
three months later, but the eye had o be excised ultimately.

Pathologically, a shallow anterior chamber occluded
angles, vascular membrane on ﬁnterior surface of iris, vitreous
hemorrhages.

Retinal vessels extensively diseased, central vessels
showed endarteritis and periphlebitis as well as a thrombus,

Case II, a serious and obscure case a fortnight ago.
Excision one month later. Pathologically, & normal gnterior
chamber corneo—iridic angles blocked, vascular membragf/iris,

of small retinal hemorrhages, vascular disease
vitreous hemorrhages, considerable number[gf irregular distri=
bution, central artery of retina widely patent throughout, cen-
tral vein distended on dis¢ small in passing through lamina
cribrosa, but likewise patent throughout.
. Albumen doubtful., sugar certain.

Case III. Blow on right brow seventeen years ago,
ten years later, sight began to fail "Retina cracked. '

Three weeks ago, inflammation with punctate deposits
and a deep anterior chamber, vascular membrane on iris., Other
eye 6/80 vision and numerous hemorrhages near optic dise, Al=
bumen and sugar. Pathologically numerous small retinal hemorr~—
hages, vascular disease of retinal vessels present though irre-
gular in distribution. Deep anterior chamber occluded cornnol

iridic angles and vascular membrane on anterior surface of iris,

no
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no vitreous hemorrhages.
Case IV. No history. Sugar. Pathogically the whole

eye is almost all hemorrhages, vascular disease of retinal
vessels, Fairly deep anterior chamber, occluded corneo—iridic
angles, fibrous membrane on anterior surface of iris, vitreous

full of new and o0ld hemorrhages.

Now all these four cases had hemorrhages, all had dis—
essed retinal vessels, all had a vascular membrane on the aﬁ-
terior surface of the iris producing partial ec¢tropion uveae and
all had dense peripheral adhesions of the root of the iris to
the cornea.

Such then are the cases examined pathologically together
with such others as I could find in the literature of which I
have made a careful search. Of theée, Coats! case ig the only
one of which a pathological description was available, it was
probably the only one so examined, and it has in common with the
above four, the diseased vessels,hemorrhages and adhesion of the
Periphery of the iris to the cornesa.

The conclusion seems irr-esistible. Here are five (in-
cluding Coats! case) pathologically examined eyes, the only ones
in which glaucoma and diabetes were associated and in certain
oﬁtstanding pPathological features, they all agree. Are we to
suppose that this glaucoma is merely a coincidence, i.e. a senile
glaucomsa occurring in a diabetic person} a likely enough ocourmence,

The



The answer is that the type of glaucoma is not senile, the lens
is not forward, there is no swelling of the ciliary processes,
in fact, rather the reverse is the case, they are normal or
atrophied. The type of glaucoma is indeed such as is invaria-
bly assosiated with intraocular hemorrhages, and has been shown
by Coats to be especially associated with thrombosis of the cen-—
tral vein.

With regard to the explanation of t%is glaucomsa, the
theory has been advanced by Tatsujl Inouyé? g working under
Coats, that the glauwcoma is secondary to the hemorrhages in the
reting which are produced by the venous thrombosis. To quote
Inouyets own words:-—

"The obstruction causes retinal hemorrhage; the blood
corpuscles in disintegrating produce toxines; the toxines are
continually carried to the angle of the anterior chamber, owing
to defective drainage by the central vein and its collaterals;
the tissues about the angle become inflamed, an adhesion is formed
and glaucoma is the result.¥

Now all the above five cases had retinal hemorrhages,
therefore it 1s reasonable to suppose that glaucoma in diabetes,
apart from such as is caused by diabetic iritis or cataract, may
be secondary to these retinal hemorrhages.

But where do these hemorrhages arise? Why should there
be any at all? What has diabetes to do with hemorrhage? The

&
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associstion of retinal hemorrhages with diabetes is well-known
clinically and the occurrence of arteriosclerosis has also been
abundantly shown, both clinically and p?thologically. (Nettle—
ship & Lawforgfo'ﬂummelsdheim & Lebagfletc.) The eye is not
the only situatiion in which the connection is manifest since
arteriosclerosis is certainly a main factor in producing dia~
betlc gangrene of the extremities.

Another point is the condition of the vessels.

Is venous thrombosie necessary or can the ordinary
-gemorrhages dependent on the disbetic condition alone produce
glaucoma? Must such profuse hemorrhages as a thrbmboaie en—
tails, be present or will the ordinary "Diabetic hemorrhagic
retinitis” be sufficient? Evidently the latter is quite suffi-
cient for in Cases II and III, small hemorrhages were present.
In Case I and Coats! Case, obstruction of the cemtral artery
or a branch combined with more or less narrowing of the lumen
of the veiln, were found, in fact in Case I, a thrombus occurred
in the vein, which did not however, narrow the lumen nearly so
much &g the condition of periphlebitis further along the coufse
of the vein. The clinical cases quoted, seem to havée shown
profuge hemorﬁhages as in Case IV, except Moskowitz Case in
which the record is incomplete.

Thus
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Thus I submit that Diabetes causes vascular disease in
the eye, which in turn gives rise to retinal hemorrhages and
these to glaucoma. Such then is the pathogenesis of glaucoms.
in disbetes. :

Venous thrombosis though an occasionsal complication, is
not essential for the pfoduction of the conditions

In conclueion, I have to thank Mr. Lawford, Mr. Percy
Flemming, Mr. Arnold Lawson and Mr. Parsons, for their kind
permission to make use of these cases, and above all, Mr.Greeves
for permission to work in his laboratory and for the generous

encouragement so frequently and willingly given.
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SUMVARY,

Disbetes as & cause for glaucoms has practically not
been investigated before as shown by the small number of ref-
erences to it.

Four cases reached the lMoorfields Pathological Labora-
tory during the last ten years; which figure is much below the
actual number of cases. occurring, as surgeons are extremely
loath to excise eyes in diszbetics.

Serial sections were made stained and mounted. All
show the same changes, diseased retinal blood vessels, hemorr-—
hages, etc., analogous to glaucoma after thrombosis of the cen—
tral vein of the retina. This glaucoma is quite different from
the ordinary senile type, Therefore it camnot be a coincidence
an intercurrent glaucoma occurring in a diasbetic.

Arteriosclerosis present in diabetes 1s the cause of the
vascular chahge end hemorrhages, which in their turn, cause
gls;uc ON&e

Thrombosis of the central vein, although it msy be pres— .
ent, 1s not an essential factor, the ordinary diabetic hemorr-

hages are sufficient.
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