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IN this investigation the incidence of retinitis, vitreous lhae-
morrhage, and ocular palsies was determined in five hundred
cases of diabetes mellitus. In 228 of these patients the number
showing arterio-sclerosis of the retinal vessels and cataract, visible
with an ophthalmoscope, was assessed. The state and reactions
of the pupil were examined in seven cases of coma, in twenty-
four cases of hypoglycaemia (after overdose of insulin), and in
twenty cases of diabetes mellitus with marked acidosis. An
additional eighty patients were examined, under full mydriasis,
with the Gullstrand slit-lamp to decide whether the incidence of
cataract and early lens changes was more common in diabetics than
healthy persons. The total number of diabetic cases examined
was 583. True diabetic cataract occurred in only two instances
out of the whole number of patients. In the seven cases of diabetic
coma the intra-ocular- tension was recorded.

Arterio-sclerosis of the Retinal Vessels.-The insulin epoch in
diabetes with its successful treatment of coma has brought intc
prominence the importance of arterio-sclerosis in the prognosis
of diabetes mellitus. The diagnosis of vessel change is in many
cases doubtful; and a knowledge of the frequency of association
of retinal arterio-sclerosis with similar changes in other parts,
would appear to be of value.
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The arterio-sclerotic changes in the retinal vessels have been
fully described by Gunn (1898) and Foster Moore (1916). Gunn's
original signs were as follows:-(1) Irregularity of the lumen of
the retinal arteries; (2) tortuosity of the arteries; (3) an exception-
ally narrow and bright central light streak which may show a
series of brighter points at intervals. These changes are of chief
importance when they involve the tertiary and secondary branches
of the retinal artery. (4) Loss of translucency of the arterial walls;
(5) obstruction of the blood flow in the veins where they are crossed
by arteries; (6) oedema of the retina. Foster Moore confirmed
these observations with the exception of (6). 1He also pointed out
that when a vein crosses under a sclerotic artery its course is
deflected.

In diabetes the changes in the retinal vessels are seldom so
pronounced as in simple arterio-sclerosis. The earliest sign
observed was a loss of translucency of the arterial wall, so that at
points of crossing the vein lying beneath the artery could not be
seen as is usually possible in normal subjects. This was the only
change in five cases and in them the diabetes had lasted ten
months. A. more frequent change was a slight deflection of the
line of a vein where it was crossed by an artery. Normally the
vein continues its course without deviation while passing under
the artery. The angle of deflection was never pronounced as
occurs in pure arterio-sclerosis. Alteration in the breadth of the
vein on the distal side of the artery, tapering while beneath the
artery to regain its normal size beyond, was seen. At the crossing
the fine white lines described by Gunn and due to an increase in
fibrous tissue of the vessel walls were evident in many cases but
this appearance was limited and never extended for any distance
along the course of the vessels. Irregularity in the lumen of the
arteries causing an appearance in the macular region of a cork-
screw-like effect in the vessels was never seen. The vessel changes
in diabetes on the whole, differ from other arterio-sclerotic retinae
in being less marked.

Clinical aspects of the cases with Sclerotic Retinal Vessels.-
Age.-Of the 228 patients, 49 were below 35 years, and showed
no change in the retina, no matter how long the diabetes had
lasted (in some cases over six years). IThe remainder, 179 in
number, were divided into the following age groups and the
occurrence of the sclerosis noted.

Age Number with retinal sclerosis

1. Between 35-45 ... 13 with retinal sclerosis out of 31
2.; Between 45-55 ... 31 with retinal sclerosis out of 71
3.! Between 55-65 ... 34 with retinal sclerosis out of 57
4. Above 60 ... 14 wjith retinal sclerosis out of 20
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OCULAR CONDITIONS IN DIABETES MELLITUS

This table shows an increasing incidence of sclerosis of the
retina with age, which suggests that diabetes expedites degenera-
tive changes in the vascular system. It is not, in itself, the sole
factor, for there is an absence of any change in the young. The
average duration(') of the diabetes in this group was two years and
eight months. In those with normal retinae, the diabetes had
lasted, on an average, for four years, and the majority were young
patients, showing that there is probably some factor other than
diabetes responsible for starting the vascular changes.

Sev,erity of the Diabetes.-It is generally agreed that severe
diabetes is usually unaccompanied by any retinal change (except-
ing the extremely rare lipaemia retinalis), for it occurs mainly in
the young. The presence of diacetic acid and acetone was three
times miore common in those with normal retinae. These bodies
have apparently no effect on the retina. Sixty-three of the cases
with changes in the retinal vessels had a blood sugar(2) of above
2 per cent., while the normal is .08 per cent. to 0.12 per cent.
This shows that well-marked cases of diabetes have frequently
retinal sclerosis. They had been under treatment for two-and-a-
half years with gradual increase in insulin.

Sclerotic vascular changes may be limited to one area of the
body. Thus Clifford Allbutt pointed out that the arteries of the
limbs may be much thickened, while those of the brain may be
normal. Joslin holds this to be true of some cases of diabetes.
Thus in young diabetics thickening of the arteries in the lower
limbs has frequently been recorded while the retinal vessels showed
no change. These observations were made before the days of
insulin, for now autopsies on children are a rarity. In the present
series of ninety-two patients with retinal vessel change, fifty-five
had peripheral arterio-sclerosis, the percentage in the older patients
being the highest. Spalding and Curtis had forty-six cases of
arterio-sclerosis of the retina and in thirty-six of them similar
changes occurred in the peripheral vessels. In Grafe's experience,
based on von Noorden's patients, "every diabetic of eight years
standing with high blood pressure invariably shows retinitis"
and consequently arterio-sclerosis.
The difficulty of making a precise diagnosis in the case of

changes in the peripheral vessels forced one to assess the frequency
of the association with retinal sclerosis by taking more definite
standards of vessel involvement elsewhere, e.g., incidence of
gangrene and heart affections. Gangrene occurred in sixteen of
our cases. Amputated limbs of patients with diabetic gangrene
alwavs show extensive vascular involvement, and it is generally

1 Approximate, for in old patients diabetes can exist for some time without
symptoms.

2 Fasting.
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admitted that this is the essential cause of the condition. The
average age of our patients with gangrene was fifty-two. Four
had normal retinal vessels, retinitis occurred in five cases, retinal
sclerosis in three others, while in the remaininig four the fundus
oculi could not be seen on account of co-existing cataract. The
patients with retinitis and gangrene, showed only slight changes
in the retinal vessels, such as loss of translucency of the arterial
wall and a slight amount of deflection of the line of a -vein at
places where it crossed beneath an artery. The amount of sclerosis
of the retina bore no relation to the severity of the peripheral change.
Thus in a patient with diabetes who had marked calcification of
the vessels of the limbs, the retinal vessels bore little evidence of
sclerosis (Fig. 4). Haemorrhages of the retina developed in the
course of a year. It is interesting, in connection with this case,
to note that WXillis states that since haemorrhage can occur
although the vessels look normal, it is questionable whether

FIG. 4.
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changes may not exist in the vessels without much external
evidence. In three other cases of the present series with threatened
gangrene of the toes, there was a greater degree of retinal sclerosis
than in the patient with calcification of the peripheral arteries.

Heart Affections.-Coronary thrombosis was present in two
cases, both men. One of these was 44 years of age, diabetic since
192'3, on 40 units insulin per diem, blood sugar 0.15 per cent.,
only mild retinal sclerosis was found in this patient. The other
patient was aged 68 years, with a mild form of diabetes of eighteen
month's duration. He had, however, more marked retinal sclerosis
than the first patient. The difference in age might be sufficient
to account for the greater change in the retina, for, as has been
shown, the older the patient, the greater the degree of sclerosis.

Cerebral Haemorrhage.-A definite relationship between arterio-
sclerosis of the retinal vessels and those of the brain has been
established by Foster Moore. In a disease such as diabetes which
now so frequently starts in the arterio-sclerotic period of life, it
might be expected that cerebral lesions would be fairly common.
Examination of the causes of death in 673 patients at the London
Hospital showed that out of 22 deaths, three were due to cerebral

6582
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OCULAR CONDITIONS IN DIABETES MELLITUS

hlaemorrhage, nine to coma, four to gangrene, four to heart failure,
and the- remainder to infection. These figures show the relative
importance of arterio-sclerosis as a cause of death compared with
coma.

Conclusions

The incidence of retinal sclerosis is higher the older the patient.
A definite relationship exists between arterio-sclerosis of the

retina and the other parts of the body.
Even slight evidence of vessel change in the retina is impottant,

since it is highly probable that more pronounced changes may
exist elsewhere.

Section II-Retinitis

Historical.-Retinitis in diabetes mellitus has long been a
recognized condition. Edward Jaeger published the first report
in 1856. He was followed by Desmarres (1858), Noyes (1869),
Haltenhoff (1873), Leber (1875), Mackenzie (1877), Nettleship
(1877), who described cases of retinitis in diabetes mellitus un-
accompanied by albuminuria. Nettleship in 1877 carefully
described the histological changes in the retina. Parsons (1904)
pointed out the difference between diabetic and other forms of
retinitis and Foster Moore showed that it can occur in a distinctive
form.

Occurrence.-In the present investigation sixty-six cases of
retinitis were observed in five hundred diabetics. Other figures
are those of von Noorden, 81 out of 477 cases of diabetes, and
Spalding and Curtis, 16 in 307 cases.

Retinitis cases were divided into the following groups:
1. Appearance:

(a) Exudates only.
(b) Haemorrhages only.
(c) Haemorrhages and exudates.
(d) Large retinal haemorrhages.
(e) Advanced type.

2. Condition of the retinal vessels.
(a) General changes.
(b) Pressure changes of retinal vessels.

(i) Hypotension.
(ii) Hypertension.
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3. Significance of retinitis.
(a) Differentiation from retinitis of other origin.
(b) Severity of the diabetes.
(c) Aetiology of the haemorrhages.

In addition to the 66 cases to be described, there were five other
cases of retinitis occurring in diabetics, associated with albuminuria
and arterio-sclerosis. As they did not present any characteristics
whiclh could be attributed to diabetes mellitus, they are oniLted
from the following description.

Appea-rances. (a) Exudates only. (Fig. 1).
There were five cases showing exudates only, of which Fig. 1

is .n example. These exudates have the appearance of yellowvish
white spots and alwavs appeared first near the macula. They

FIG. 1.
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OCULAR CONDITIONS IN DIABETES MELLITUS

were unaccompanied by haemorrhages and are in their appearance,
primary situation and their method of spread, the most character-
istic lesion of diabetic retinitis. They spread in a regular manner
outwards from the macula, forming an incomplete ring round it,
and for a time are restricted to the area of the retina bounded by
the upper and lower temporal vessels. This spread can be traced
in Fig. 3. When they reach the temporal vessels, they abut
against the main vessel walls. They increase in size with age
by- coalescing. These yellowish white spots occurred in three
cases in one eye only and remained unilateral for an average
period of one year. They are the earliest specific sign of a
diabetic retinitis.
Accomnpanying Conditions.-The average age of the patients

was 51 years, and the duration of diabetes was almost three
years. Three of them were under insulin treatment. Sclerotic
vessel changes were present and there was hypotension of the
retinal arteries. None of the patients had albuminuria and septic
lesions were absent. It may be questioned whether these cases
of exudate alone are arterio-sclerotic. The sclerotic changes in
the retinal vessels were slight. Also in three cases they remained
unilateral for some time. Against this must be cited the absence
of any pronounced arterio-sclerotic change in the fundus vessels,
which is a feature of a pure arterio-sclerotic retinitis (Foster Moore)
where retinal haemorrhages are almost always present. In addition
in diabetes the spots are limited to the central area of the retina
corresponding to retinitis punctata centralis of Hirschberg, who
described the occurrence of exudates and haemorrhages in this
area as the most typical type of diabetic retinitis.

(b) Haemorrhages only. (Fig. 2).
Haemorrhages alone were present in sixteen patients, of which

Fig. 2 is an example. The haemorrhages were round or roughly
triangular, deeply situated, occurring first at the periphery of the
fundus, outside the main temporal vessels, and gradually spread-
ing into the macular area, which was last affected. A characteristic
point was that the haemorrhages were situated at a regular distance,
about 3 mms., away from the main vessel trunks, and never
encroached beyond this distance. When the whole fundus is affected
the yellowish-white exudates begin to appear at the macula
(Fig. 5). Once a haemorrhage occurred, it persisted but did not
increase in size. This type thus contrasts with the first type (a)
in the site of their first appearance and manner of spread and
relation to main vessels. They were always bilateral. The associated
conditions were-average age was 56 years, duration of diabetes
was three and a half years. Two were under insulin and the
remainder on diet only. Six of them had albumen and three had
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FIG. 2.

septic lesions. Hypotension was present in four and hypertension
in twelve. In only seven of the cases was a mild degree of arterio-
sclerosis present.

(c) Haemorrhages and Exttdates.
Twenty-seven cases presented a combination of the appearance

of the two foregoing groups-exudates characteristic of group (a),
looking as if they were plastered on to the retina along with the
characteristic haemorrhages of type (b). At the time of examina-
tion the haemorrhages and exudates extended over most of the
fundi. At the macula there was an incomplete ring of yellowish-
w7hite spots frequently seen. The ages ranged from 42 years to
72 years.

9-Hypotension.
5-Normal tension.
13-Hypertension.

Fifteen were under treatment with insulin, the remainder on diet.
Seven had septic lesions.

586
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OCULAR CONDITIONS IN DIABETES MIELLITUS

(d) Large Retinal Haemorrhages.
Four patients exhibited this condition. In addition to the

haemorrhages and exudates seen in type (c) there were copious
haemorrhages, measuring sometimes to one-fourth of the length
of a main temporal trunk, forming a roughly shaped quadrilateral
ensheathing the vein. The bleeding was of slow onset and patients
complained that everything had a reddish tinge, if the haemorrhage
was large enoug-h to come near the macula. TIhese haemorrhages
were incompletely absorbed and the vision became greatly
deteriorated. The average age was 53 years. There was a septic
history in every case (cellulitis and gangrene). Arterio-sclerosis
of the retinal vessels was present. General blood pressure, systolic,
160-190. 'The tension in the retinal vessels was not taken.

(e) Advanced Type. (Fig. 3).
This was seen in fourteen patients and Fig. 3 is an example.

Thie principal lesion consists in fairly large plaques of yellowish

FIG. 3.
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white material, formed by a coalescence of smaller patches. The
macular region is chiefly affected, but the process may be seen
to extend beyond the temporal vessels. The whitish-yellow areas
are in close apposition to the main trunks of the temporal vessels.
They appear to- be an advanced degree of the first type (a). One
or two small haemorrhages are seen among the plaques, chiefly
in the macular region. This type of retinitis occurred in patients
whose average age was 54 years and the duration of the diabetes
was five years. Albumen was absent from the urine, but four
of the cases had had septic lesions. Two cases had hypotension
of the retinal arteries, two had a normal tension, and the remainder
had hypertension. Eleven cases were being treated with insulin.

Condition of the Retinal Vessels
General Changes

The condition of the vessels often affords a clue, in a case of
retinitis of doubtful origin, as to whether the case is one of
diabetes mellitus or not.

(1) There is the type where the vessels appear little changed
from normal. There is loss of translucency and perhaps some
cutting of one of the lesser veins by the superimposed artery. If
the vein is displaced by the artery at the crossing, the angle of
deflection is small.
This type occurred most frequently in diabetic retinitis.
(2) Where there is diminution of the whole vascular trunk, the

arteries are smaller, have a more rounded appearance and seem
to stand out from the retina. They also seem somewhat straighter
than normal. Punctate haemorrhages are frequently seen, usually
at first in the peripheral parts of the retina. Fig. 2 shows this type,
except that the macular region is invaded by the haemorrhages
as the condition has lasted some time. Generally there is a high
blood pressure.

(3) Lastly, there is the class with white spots and rather larger
haemorrhages, with sometimes some oedema of the optic disc.
The vessels show well-marked arterio-sclerotic changes, e.g.,
localized narrowings of the arteries during their course on the
retina. The tension in the retinal vessels is sometimes so high
that only approximate readings can be taken. Though the general
blood pressure is high it is frequently no higher than in Group 2.

Pressure Changes in the Retinal Arteries in
Diabetes Mellitus

Techniquc.-The method of Bailliart was employed to obtain
the tension of the retinal vessels. The Bailliart Ophthalmodynamo-
meter consists of a piston, to one end of which the pressure-
recording dial is fixed, while the other extremity has a rounded

588
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smooth button which is placed over the tendon of the external
rectus. The vessels at the disc are observed through the electric
ophthalmoscope. Holding the ophthalmodynamometer in position
pressure is applied till visible pulsation in the retinal arteries at
the disc is noted. The first pulsation indicates the diastolic
pressure; with increasing pressure a point is reached when all
pulsation stops and this figure corresponds to the systolic. How-
ever, these figures do not actually represent the systolic and
diastolic pressures of the central artery. It is necessary to determine
the intra-ocular tension by means of a Schio5tz tonometer. From
this is now determined the pressure of the central artery. Bailliart
and Magitot, from experiments on the cat, drew up a table show-
ing the values of the dynamometer readings corresponding to the
intra-ocular tension. Ihe general blood pressure was estimated
by a Riva Rocci apparatus, using the brachial artery.
Out of 62 cases of retinitis:

Hypotension of retinal arteries ... ... 20
Normal tension of retinal arteries ... ... 8
Hypertension of retinal arteries ... ... 34

Types of retinitis were distributed among the above groups as
follows:

Types of retinitis Hypotension Normal tension Hypertension

Haemorrhages only ... ... 4 0 12

Exudates only ... ... ... 5 0 0

Mixed (Haems. plus exud.) 9 9 5 13

Advanced retinitis 2...... 2 10

Totals ... ... 20 7 35

Significance of Retinitis
(a) Differentiationt from retinitis of other origin.
Much discussion has arisen as to whether there is a distinctive

type of diabetic retinitis. Leber (1875) and Mackenzie (1877) stated
they relied on the presence of a vitreous haemorrhage as indicative
of diabetes.' Hirschberg (1890), Friedenwald (1925), believe that
the occurrence of white spots with fine haemorrhages in the central
part of the retina is suggestive of diabetes mellitus. The absence
of retinitis in the young, where diabetes is most severe, the associa-
tion of a high blood pressure and frequently albuminuria, with the
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condition are the principal arguments against the existence of a
specific diabetic retinitis.

Cases of diabetic retinitis where albumen was absent from the
urine have been reported by Mackenzie (1877), Nettleship (1886),
and Juler (1892). In the present series of cases, out of sixty-six
patients with retinitis, forty-nine were constantly free from
albumen in the urine. High blood pressure (i.e., 160 mm. Hg
and upwards) occurred in 36 cases, which is fairly strong evidence
that hyperpiesis is at least a factor in the production of retinitis.
Lange (1929) in cases of diabetes with retinal haemorrhages found
high general blood pressure with few exceptions.

(b) Severity of the Diabetes.-Eight of the sixty-six cases of
retinitis came to hospital complaining of dimness of vision. In
every case careful questioning elicited other symptoms, such as
general weakness, loss of weight, usually for eighteen months to
two years. In general, the diabetes in patients with retinitis is at
first mild in type and usually controlled by diet. This insidious
onset, however, is no warrant of a subsequently continued benign
course. In our cases twenty-seven were under treatment by diet
and thirty-nine by insulin. In seventeen of the insulin-treated
patients there had been a gradual increase over two to five years
in the number of units of insulin required to keep them balanced.
One case had been in a pre-comatous condition through failure on
the patient's part to carry out the prescribed treatment. In the
remaining two cases the diabetes was progressive as shown by
persistence of ketones in the urine. The majority of patients with
retinitis are found among new patients. In four cases the ocular
condition had, apparently, developed during treatment. A patient
had been treated for sixteen years with a special diet and developed
a carbuncle which necessitated administration of insulin. Eighteen
months later haemorrhages began to occur in the retina. Another
case developed retinitis after three years and four months' treat-
ment with insulin, shortly after an amputation for gangrene. The
third patient developed retinitis after eighteen months' treatment
with insulin, while the fourth, a progressive case, complained of
visual defects (due to retinitis) after one year's administration of
ten units of insulin per diem. It should be added that main reliance
is placed for these facts on the patients' histories. I have, how-
ever, seen patients with retinitis develop a vitreous haemorrhage
while the diabetes has been under full control with diet and insulin
treatment. Control of the diabetes is without effect on the retinal
condition. Most of the patients with retinitis have been observed
to develop fresh haemorrhages and exudates in the retina while
under treatment.

(c) Haemorrhages.-Haemorrhages occurred in all but five cases
of retinitis and were deeply situated, round and small, like the
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OCULAR CONDITIONS IN DIABETES MELLITUS

imprint of a wet sponge on a wall, as Adams describes them. The
origin of these haemorrhages is from the capillar'es (Foster Moore).
Thirty-seven of the patients with haemorrhages had a raised
general blood pressure and in addition thirty-five had hypertension
of the retinal vessels. In those cases with haemorrhages unaccom-
panied by exudate in the retina twelve out of sixteen had hyper-
tension. Therefore, this suggests that hypertension plays a part
in the production of these haemorrhages of the retina. Ellis and
Marrack (1923), from a study of a series of cases of retinitis (non-
diabetic), suggest that hyperpiesia is a more common cause of
retinitis than chronic interstitial nephritis. On the other hand, in
our cases, seven had normal pressure in their retinal vessels, and
twenty-four had hypotension, and here the probable explanation
is the effect of the altered condition of the blood on the endothelial
cells of the vessel walls. Foster Moore (1916) found that the
pressure in the intra-ocular vessels was sometimes not raised and
may be less than normal. Thus in thirtv-seven patients whose
average general blood pressure was 138 mms. Hg the intra-ocular
pressure, as measured by Schio6tz tonometer, was 14.3 mm. Hg,
while in other twenty-six cases whose general blood pressure was
244 mms. Hg the intra-ocular pressure was 15.3 mms. Hg.

In the present sixty-one cases of retinitis, the amount of
haemorrhage varied from the small deeply seated haemorrhages
to the larger type of haemorrhage designated as retinitis diabetica
haemorrhagica. It has been pointed out that exudates occur after
the development of multiple retinal haemorrhages (Group 2) or
the primary change may be exudates without haemorrhages. These
two groups tend to develop into the retinitis, mnost frequently seen,
viz., a combination of both changes. Cases with copious haemorr-
hages in the retina were probably a further stage of the common
form of retinitis for exudates with deep haemorrhages were also
present. The general blood pressure, in these cases, ranged from
160-190 mms. Fig with marked peripheral arterio-sclerosis. This
type is called haemorrhagic retinitis of diabetes.

Conclusions
1. That a characteristic form of retinitis exists in diabetes

frequently and begins in the central part of the retina as whitish-
yellow spots.

2. The small amount of sclerosis of the retinal vessels is an
important point of differentiation from retinitis of other origin.

3. Haemorrhages may be due to the effect of toxin causing
secondary changes in the vessels or to hypertension. (The latter
being probably a secondary mechanical factor).
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Section III-The Pupillary Changes in Diabetes

The size and condition of the pupils have been the subject of
much investigation in diabetic coma, in hypoglycaemia and in
acidosis.

The Pupil in Coina.-Labbe (1922) states that the pupil may be
contracted or dilated and possesses no diagnostic significance.

In our seven cases of coma the size and reactions of the pupil
were noted in every case. In the patients admitted in coma, the
pupils in three cases were contracted, and in two semi-dilated.
The reaction to light was brisk in each case. Bearing in mind
the varying size of the pupil in health, there seems to be no
characteristic change in the size or reactions of the pupil in coma.
Hypoglycaemia.-Poos and Risse (1926) report miosis with

spasm of the ciliary muscle in hypoglycaemia produced by insulin,
the pupil at the height of the hypoglycaemia being half its original
size. These appearances are said to be due to stimulation of the
parasympathetic. According to Poos and Risse (confirmed by
Jorns, 1927), this stimulation by insulin was strong enough to
break down the mydriasis of atropine.
We have observed an attack of hypoglycaemia in two patients,

both children. In one case there was trembling of the limbs but
no actual convulsions. In the other there was pallor and nausea.
In both cases the pupil showed no change in its original size,
which was semi-dilated. In our other cases of hypoglycaemia
some time elapsed after the attack before the patients were seen.
Acidosis.-Bourne (quoting Wieland and Schoen) states that

decrease of the blood alkali, i.e., by excessive respiration, causes
a depression of the sphincter centre with a resultant dilatation of
the pupil.

Case 1 of coma had an alkali reserve of 4.24 millimols rising to
16 millimols on treatment, the pupil, however, was semi-contracted.
Further, in the cases of coma here described, no change in the
size of the pupil could be found during the whole of their stay in
hospital.

Conclusions
1. The size of the pupil in coma is not characteristic.
2. No change in the pupil could be observed in hypoglycaemia.

Section IV-Changes in Vitreous in Diabetes
Literature.-In 1903 Krause reported a series of cases of diabetic

coma with low tension of the eye. This was confirmed by Heine,
Reisman (1916), Middleton (1922), Patek (1929), Gallus (1924),
however, has seen coma with no hypotension. Ascher and others
say there is no accompanying fall in the general blood pressure.
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OCULAR CONDITIONS IN DIABETES MELLITUS

Cases of Coma
1. M.28.-Had a previous attack of coma, 41 years ago-two

days before admission began vomiting.
State on admission.-Pale, dehydrated, restless-resps. 30, temp.

950, pulse, 123-alkali reserve, 4.24 millimols; urine complete
reduction of Benedict, Rothera-blue-black, a strongly positive
ferric chloride test. When first examined fifteen hours later, after
153 units insulin and 320 gms. glucose, the skin had lost its
elasticity. Resps. 20, temp. 97, pulse 116, the intra-ocular tension
was 11 mms. Hg and the blood pressure 112 mms. Hg systolic,
80 mms. Hg diastolic. Pupils semi-contracted, reactions and fundi
normal. Another estimation half-hour later gave a similar result.
At this time the urine completely reduced Benedict, and gave a
blue-black Rothera, and a trace of colour with ferric chloride. The
alkali reserve was 16 millimols.
The patient was now put on 10 ounces saline 2-hourly alternately

with 50 gms. glucose and 25 units insulin for the next 24 hours.
At the end of 36 hours the intra-ocular tension rose to 15 mms. Hg
and the blood pressure to 120 mms. Hg systolic and 85 diastolic.
The urine had a trace of sugar. The patient was now put on
carbohydrate 108 gms., protein 14 gms., fat 13 gms., and insulin
60 units with 90 gms. glucose. TIwenty-four hours later the intra-
ocular tension was 23 mms. Hg, the blood pressure 120 mms.
systolic and 85 mms. Hg diastolic. The urine contained a trace
of sugar and acetone. On the fourth and eleventh days similar
readings of the intra-ocular and blood pressure were found.

2. F.37. For one month had complained of lassitude follow-
ing an attack of influenza. She was very constipated.

State on admission.-In a semicomatose condition, able to drink,
resps. 30, temp. 970, pulse 88. The urine contained sugar + + +
Gerhard+ + + Rothera+ +. She was examined half an hour
later when the intra-ocular tension was 9 mms. Hg and the blood
pressure 105/75 mms. Hg.
She was given 125 units insulin and 50 gms. glucose. This

patient had marked diminution of the sensitiveness of the cornea,
so that it was possible to take the Schiotz reading without any
cocaine. The pupils were small and reacted to light; fundi were
normal.
Twelve hours later the intra-ocular and the blood pressures were

the same as the first estimation. The corneal reflex was still
diminished. At this time she had been given another 125 units
of- insulin and 250 gms. glucose, in addition to 44 ounces of water
-the urine contained a trace of sugar.
Twelve hours later the intra-ocular tension had risen to 12 mms.

Hg and the blood pressure to 120/90 mms. Hg. Seventy-five units
insulin, 150' gms. glucose, and 58 ounces of water had been given
during the day.
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Twenty-four hours later the intra-ocular tension measured
12 mms. Hg, blood pressure, 125 mms. Hg.
Amount of insulin-110 units. Urine, sugar+ +
Amount of glucose-200 gms.
Amount of fluid-111 ounces.
The figures for the next 24 hours were
Intra-ocular tension ... 23 mm. Hg
Blood pressure ... ... 125 systolic

80 diastolic
Insulin ... ... ... 90 units Urine sugar++
Fluid ... ... ... 76 ounces Acetone+
The intra-ocular tension maintained this level when taken four

and eleven days later. The acetone tended to reappear in the urine
and was counteracted by the administration of glucose. The diet
consisted of carbohydrate, 180; protein, 70; fat, 45; with 60 units
of insulin daily.
This patient developed changes in refraction, but no difference

in the intra-ocular tension could be discerned. Unfortunately she
succumbed to gangrene of the lung. The case had never been
treated for diabetes before the onset of coma.

3. F.8. History. Diabetic for two and a half years: on carbo-
hydrate, 128; protein, 89; fat, 75 gms.; insulin, 34/34 units, per
diem.
Complained of severe abdominal pain and had been vomiting

copiously the day before admission, during which time no insulin
had been taken.

State on admission.-Very ill-looking child-marked air hunger
-drowsy-able to swallow. Temp. 97.60, pulse 108, respirations,
32.
Examined six hours later.-Pupils contracted, reactions and

fundi normal, loss of corneal sensitiveness.
Intra-ocular tension ... ... 12 mms. Hg
Blood pressure ... ... ... 80/55 mms. Hg
Blood suigar ... ... ... 0.6 per cent.
Urine--Benedict+ + + Rothera+ + + Gerhardt+ + +

Treatment.-120 units insulin, 90 gms. glucose, fluid, 90 ounces
(vomited several times).
At eighteen hours after admission.

Intra-ocular tension ... ... 15 mms. Hg
Blood pressure ... ... ... 90/60 mms. Hg
Blood sugar ... ... ... 0.75 per cent.
Urine ... ... ... ... Sugar + +only

Treatment.-100 units insulin, 90 gmis. glucose, and 29 ounces
fluids.
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Forty-two hours after admission.
Intra-ocular tension ... ... 20 mms. Hg
Blood pressure ... ... ... 90/60 mms. Hg
Blood sugar ... ... . ... 0.18 per cent.
Urine ... ... ... ... Sugar+

Treatmeiut.-Fifty-two units insulin, 50 ounces fluid, plus diet
of carbohydrate 150; protein, 76; fat, 30. Similar readings were
obtained at subsequent examination.

4. F.24. History. Under treatment for diabetes for 4 years on
40/40 insulin. For two days had suffered from diarrhoea and
vomiting, during which time no insulin was taken.

State on acdmission. Air hunger-acetone odour of breath;
rigidity of the abdomen. Temp. 97.20; respirations, 32; pulse, 136.
Examined six hours later.-She had been given. 350 units insulin,

125 gms. of glucose, and 31 ounces of fluids.
Blood sugar equalled 0.45 per cent., urine contained much sugar

with strongly positive Gerhardt and Rothera tests. Pupils semi-
dilated but reacted briskly. Fundi were normal. Intra-ocular tension
85 mms. Hg; blood pressure, 85 mms. Hg (systolic) and 50 mms.
Hg (diastolic). The other readings of the intra-ocular pressure.
etc., were as follows:
Eighteen hotrs after admission.

Intra-ocular tension... ... ... 10 mms. Hg
Blood pressure ... ... ... 95/65 mms. Hg
Blood sugar ... ... ... 0.22 per cent.
Urine-Benedict + + Rothera+ + Gerhardt+ +

Treatment.-Insulin, 170 units; glucose, 155 gms.; fluid,
28 ounces.

Forty hours after admission.
Intra-ocular tension... ... 14 mms. Hg
Blood pressure ... ... ... 103/70 mms. Hg
Blood sugar ... ... ... ... 0.95 per cent.
Urine-Benedict, trace. Rothera, trace. Gerhardt, trace.

Treatment-210 units insulin, 170 gm. glucose, plus diet, carbo-
hydrate, 285; protein, 11; fat, 6.

Sixty-four hours after admission.
Intra-ocular tension... 18 mms. Hg
Blood pressure ... .. ... 110/85 mms. Hg
Blood sugar ... ... ... ... 0.76 per cent.
Urine... Trace of sugar

Treatment.-180 units insulin, glucose, 120 gms.
During the next twenty-four hours the intra-ocular tension rose
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THE BRITISH JOURNAL OF OPHTHALMOLOGY
to 23.5 mms. Hg. This tension was maintained. Patient was
receiving 80 units insulin per day.

5. F.28. History. Diabetes and hyperthyroidism for five years.
On 54 units insulin. The amount of insulin had been changed on
several occasions as this patient suffered from hypoglycaemic
attacks. She stopped her insulin and was admitted in comatose
condition. Temp. 980, pulse 130, respirations 28.
Examined six hours after admission.

Intra-ocular tension ... ... 14 mms. Hg. Pupils semi-
dilated, reactions and fundi
normal.

Blood pressure ... ... ... 105170 mms. Hg
Blood sugar ... ... ... 0.4 per cent.
Urine-Benedict+ + + Rothera+ + + Gerhardt+ + +

Treatment.-110 units insulin, 90 gms. glucose, 40 ounces fluid.
Twenty-four hours later the intra-ocular tension rose to 20 mms.
Hg which proved by subsequent examination to be the normal
level.

6. M.22. Diabetes for two years. On 40/40 units insulin.
For thirty-six hours had been vomiting; continued, however, to
take his insulin but no food or sugar.
Examined on admission.-Abdominal pain, marked air hunger

-acetone in breath. Temp. 970, resp. 30, pulse 130. Pupils semi-
dilated, normal reactions, fundi nil.

Intra-ocular tension... .. ... 25 mms. Hg
Blood pressure ... ... ... 145/90 mms. Hg
Urine-Rothera+ ++ Gerhardt+ ++ Benedict++

He was given 195 units insulin and 280 gms. glucose in the first
twenty-four hours, but no change could be detected in the intra-
ocular pressure. This patient continued to show traces of sugar
and acetone in his urine.

7. M.55. History. Diabetessince Nov., 1928. On 30/20 units
insulin per diem. Three days before admission unable to obtain
insulin. The next day he began to vomit and some time later
began to feel drowsy.
Admitted in a pre-comatose condition, blood sugar 850 mg. per

100 c.c. capillary blood.
On examination seven hours after he had been given 170 units

insulin and 50 gms. glucose the pupils were semi-contracted,
reactions and fundi were normal. The intra-ocular tension was
22 mm. Hg and the blood pressure equalled 120 mms. Hg systolic
and 88 mms. Hg diastolic. These figures were maintained on sub-
sequent examinations.

8. M.30. History. Complained of great weakness and polyuria
for ten weeks. On admission to hospital he had a strong smell
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OCULAR CONDITIONS IN DIABETES MELLITUS

of acetone in his breath (blood sugar 0.29 per cent., urine, Benedict
+ + + Rothera+ + + Gerhardt+ + +). Temp. 98.60, pulse 92,
resp. 20.
This patient had an intra-ocular tension of 25 mms. Hg, with

a blood pressure of 115 mms. Hg (systolic) and 75 mms. Hg
(diastolic). Pupils semi-dilated, reactions and fundi normal. On
discharge from hospital to a sanatorium he was put on 96 units
insulin daily.

Discussion

Of the above cases five were in a comatose condition, one was
bordering on coma and the other patient was pre-comatose. Case 8,
a severe case of untreated diabetes, is included for purposes of
comparison.

The fall in Intra-ocular Tension.-The intra-ocular tension was
diminished in five of the cases. The fall varied from 14 mms. Hg
to 6 mms. Hg, taking the reading subsequently maintained as the
normal. The time taken for the tension to reach its normal figure
varied from 30 to 84 hours, depending on the amount of its initial
drop.

Krause obtained a fall in intra-ocular tension in 100 per cent.
of cases of coma, Heine in 21 out of 22, Weischmann and Koch
(1928) in five out of seven cases of coma.
As an index of severity, Schutz found the tension varied from

day to day, but at the height of the coma it was extremely low or
nil. The greatest fall in tension in our cases occurred in those
where there had been marked loss of fluid by vomiting and
diarrhoea and in an untreated case of diabetes of approximately
one month's duration. Case 1 was so markedly dehydrated that
the skin had lost its elasticity.

Relation to general blood pressure.-Normally the intra-ocular
pressure passively follows the general blood pressure, and this is
borne out to some extent by our cases. It must be noted, however,
that cases 2 and 4 had approximately the same intra-ocular tension
but there was a difference of 20 mms. Hg in the blood pressure.
Also, while there is a marked rise in the eye tension on recovery,
the blood pressure shows a relatively smaller change.
Time of fall of eye tension in coma.-Weischmann and Koch

(1928) stated that in hypoglycaemia and in some cases of cerebral
haemorrhage there is a fall in the intra-ocular tension. Most
observers are agreed, however, that the soft eyeball is symptomatic
of diabetic coma, and it would be of interest to attempt to assess
the time of its appearance in the chain of symptoms.
From a study of the histories of the above cases, the fall in

ocular tension appears after the abdominal pain and vomiting.
Its exact relations to the change in the respiration rate is not so
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apparent and in this connection case 6 is interesting. This patient
had marked abdominal respirations and yet the ocular tension was
normal which suggests the developnment of the so-called soft eye-
ball follows the respiratory sig,ns. In some of our patients it was
noted that although comatose they could still swallow and this
was probably auitomatic. Macleod has seen cases of daibetic coma
"difficult to rouse, respond by automatic swallowing."

A.cidosis.--The exact relationship between the fall in intra-
ocular tension and the presence of aceto-acetic acid and acetone
in thie urine, is difficult to determine. A degree of acidosis
sufficient apparentlyT to produce general effects, e.g., vomiting and
increased respiratory rate, as shown by cases 6 and 7, does not
cause any lowering of eye tension. At the same time it should
be noted that all five cases of reduced ocular tension had much
diacetic acid and acetone in the urine.
During recovery when the ocular tension was gradually

assuining its normal level the aceto-acetic bodies had disappeared
some time before, from the urine, except in case 5, which was
complicated by hyperthyroidism. Case 2 began to have acetone
in the urine after the intra-ocular tension had been normal and
the acetone persisted without any change in the eye tension.
KSrause failed to produce lowering of ocular tension on administra-
tion of oxybutyric, diacetic acid and acetone. Dodds and Robertson
(1930) found that the amount of aceto-acetic acid bears no relation
to the clinical state. On the other hand, it is reasonable to assume
that the amount of beta-hydroxyacetic and oxyacetic acid from the
incomplete metabolism of fat, was greatest, when the patients in
coma were admitted to hospital. In this connection Graham points
out that aceto-acetic acid is the cause of coma and that the acetone
in the urine is only a decomposition product of the diacetic acid.
Dehydraioi.-T hat loss of fluid was common to those cases

whiclh did not have reduced ocular tension, as well as to the other
patients with fall in tension shows that it cannot be the sole cause.
Furtlher, Graefe was unable to obtain a reduction in ocular tension
in cholera. Lam-bert and Silbert (1928) believe that the decrease
in tension is due to increase in the osmotic pressure of the blood
and the marked dehydration of the coma cases may be the cause
of the ocular cl-hange. T'hey obtained a 40 per cent. fall in intra-
ocular pressure following intravenous injection of hypertonic
saline. Case 1 was the most dehydrated of all the series as shown
by marked loss of skin elasticity, but he did not show such a
marked fall as case 4 in whom there had been less loss of body
fluid.

Hilton Fagge (1874) noted that the blood in coma is thick
and flows slowly. Later there is an increase in the haemoglobin
(Graham) whiichi indicates dehydration. Graham also observed
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that circulatory failure occurs in fatal cases for the blood pressure
falls. TI his would be reflected in the ocular tension, and a distur-
bance of the molecular concentration in the tissues and blood is
probably one of the factors in reduction of eye pressure as has
been shown by Hertel (1914). The experimental work of Romer
and Kochmann (1913) suggests there is present a specific tension-
reducing toxin in diabetic coma, but this is considered by Poos
(1930) to be due to the effect of introduction of a foreign protein
in their experiments.

Conclusions

1. A reduction in intra-ocular tension occurs in a large per-
centage of cases of diabetic coma.

2. The fall of eve pressure occurs after vomiting and the
development of respiratory disturbance.

3. The cause seems to be fouind in disturbed molecular con-
centrations of the tissue fluids and blood following the acidosis and
dehy-dration.

Effect of Insulin on the Intra-ocular Pressure

Rises in intra-ocular tension have been described by Ascher
(1925) and others. Ascher obtained a rapid temporary rise in
ocular tension, the maximum occirring in thirtv minutes and after
two hours the tension fell. Poos (1930) found a variation of the
blood sugar, in young diabetics, after administration of carbo-
hydrate and insulin, from 650 mg. per cent. to 35 mg. per cent.,
while the ocular pressure varied at the same time between 13 mms.
and 26 mms. Hg. In our cases, estimation of the ocular tension
was made: (1) in 43 cases balanced on diet; (2) 48 cases balanced
on insulin and diet; (3) 20 progressive cases; (4) 4 new cases before
and after the administration of insulin; (5) three cases deteriorating
on diet treatment who became balanced on the institution of
insulin treatment. In all the patients included in the above groups,
no case of glaucoma was seen. Ihe estimations were made at
varying times after insulin.

Of the cases treated by diet only, eighlt had sl:ght hyper-
glycaemia, 0.2 per cent. and slightly over. rhe intra-ocuilar tension
ranged from 15 mms. Hg to 25 mms. Hg in the various cases.
These figures are within normal limits. No difference could thus
be found in cases with hyperglycaemia. In this connection our
patients who were balanced with suitable doses of insulin and
suitable diet, were not sugar-free always. Occasionally from a
cold, or a temporary lapse from their diet, sugar was present for
a short period in the urine, but this had no effect on the intra-
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ocular tension, which remained constant. The continued taking
of insulin did not cause any alteration in the general level of ocular
tension which was the same as in those diabetics who were being
treated by diet alone.

If the intra-ocular tension is altered, either by hyperglycaemia
or by insulin then changes of ocular tension should be seen in:
(1) progressive cases of diabetes; (2) in new cases, before and after
the administration of insulin; (3) patients who discontinue insulin
treatment. In twenty patients whose diabetes was progressive,
nine became balanced and in them no change in the intra-ocular
tension could be found. Of the remaining eleven, four cases showed
a slightly lower ocular tension than what was to be expected from
the general blood pressure reading (though this is not an absolute
guide). The amount of this difference, however, was too small
to be decisive and on subsequent examination, during periods of
balance of the general diabetic condition, did not alter. The ocular
tension of the remaining progressive cases (seven) was normal.
There were four new cases of diabetes and three patients who,
though on diet for an average of two years, were becoming worse.
Of these seven cases only two showed a rise of intra-ocular tension
following insulin. Again, no change of ocular pressure could be
found in patients who refused to continue their insulin. The
interesting point in connection with the above cases is that, only
in elderly diabetics treated at first by diet, could an alteration in the
intra-ocular pressure be discerned.

Hypoglycaemia

The effect of an overdose of insulin is to produce a condition
which resembles coma and it is sometimes difficult to distinguish
between the two states. Since the soft eyeball is traditionally
associated with diabetic coma if it were absent in hyperinsulin
coma it would be a point of considerable diagnostic importance.
Unfortunately there seems to be little agreement on this point.
Weischmann and Koch (1928) state that the intra-ocular tension in
hypoglycaemia falls and this they believe to be due to the dis-
placement of the body fluids; there is a rise in the haemoglobin
percentage, and although there is no immediate subsequent
reduction of the haemoglobin ratio this can be explained by the
loss of the additional fluid through sweating which accompanies
the hypoglycaemia. Weischmann and Koch estimated the ocular
tension before and during hypoglycaemia in ten cases. The fall
in tension which occurred in eight instances varied from 7.5 mms.
Hg to 3 mms. Hg. 15 mms. Hg was the average intra-ocular
tension during the hypoglycaemia. There was also a slight fall
in the general blood pressure.
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OCULAR CONDITIONS IN DIABETES MELLITUS

Eighteen cases of this series gave a history of hypoglycaemic
reactions but none of them was examined till some time after the
attack. This of course detracts much from the importance of the
results. In six there was a slight rise in the intra-ocular tension,
2-3 mms., while in the remainder no difference could be detected.

In addition there were four cases which were examined at the
following times relative to the hypoglycaemia: (1) during the
attack; (2) half an hour; (3) three hours; and (4) six hours.
J.H. (aged 10 years) (see chart) showed reactions in spite of

reductions in the amount of insulin given. He was examined
twice daily, three and twelve hours after tne morning dose
of inslflin. During the first estimation of his intra-ocular
tension he had an attack of hypoglycaemia (pallor, sweating
and felt funny). The intra-ocular tension was 15 mms. Hg. Nine
hours later his tension had risen to 18 mms. Hg. For the next
six days he had mild attacks of hypoglycaemia. The tension rose
to 25 mms. Hg and there was little difference at the high and low
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blood sugar periods of the day. The insulin meanwhile had been
steadily reduced from 80 units per diem to 34 units. To check
my first observation, he was given five additional units, some days
after he had had no attacks. Ihe intra-ocular tension estimated
during the attack of hypoglycaemia which resulted, rose from
25 mms. Hg to 29 mms. Hg. It gradually fell to 25 mms. Hg.
There was no change observed in the general blood pressure.

Another case, a child, aged 11 years, with diabetes for seven
years (acute onset) was in hospital and showed reactions. In this
case the intra-ocular tension curve estimated at the same time
showed a gradual rise from 16 mms. Hg to 24 mms. Hg. During
a period of 17 days she was examined three and a half hours after
some of the attacks.
These two cases showed that with the cessation of hypo-

glycaemia, the intra-ocular pressure remained at a constant figure,
and during the time of reduction of insulin the tension gradually
rose.

Case 3.-Patient had a mild attack of hypoglycaemia at
hospital, quickly remedied by administration of glucose. She
was examined about half an hour afterwards, but no change in
the previous reading of the intra-ocular tension could be found.

Case 4.-Patient admitted to hospital who a few hours previously
had been in a comatose condition following her morning dose of
30 units of insulin. At mid-day she took only five units instead
of 20. She was given some sugar and improved. On admission,
B.P.-170/103, I.I.-22, urine-Rothera + + FeCl. a trace,
Benedict a trace. This was obviously a case of hypoglycaemia
but there was no change in the intra-ocular tension.

It must be remembered that none of the cases showing hypo-
glycaemia attacks was allowed to progress beyond the initial
stages. A rise in the intra-ocular tension was noted in two cases
(both children). This continued as long as the patients showed
"reactions" and having gained a certain level, the intra-ocular
tension was maintained. A small dose (5 units) added to the
stabilizing amount of insulin caused a further rise which was
maintained for three days when the original tension was again
recorded.
The other cases showed little variation. It seems, then, that

at the beginning of "insulin coma" there is little change in the
intra-ocular tension. In the case of repeated reactions, i.e., occurr-
ing every twenty-four hours, there is a gradual hardening of the
eyes. In this connection it is interesting to note that Macleod
(1930) says "that the fall in the blood sugar leads to an accumula-
tion of some toxic substance and it may be assumed that it is on
account of the action of this substance on the cells of the nerve
centres that the symptoms are due."
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Section V-Vitreous Haemorrhage

The occurrence of vitreous haemorrhage is especially prone to
take place in diabetics with arterio-sclerosis. There were seven
cases and the age period was from forty-two to sixty-one. Three
of them had retinitis. The duration of the haemorrhage was on
an average eleven months, and in two cases was permanent.
Proliferative changes occurred, and all vision was lost. In every
case the vitreous haemorrhage had occurred while the patient's
diabetes was fully controlled by treatment.

Sepsis.-The most striking feature is the presence of some
septic lesions in all our cases. Approximately two months elapsed
between the onset of the sepsis and the vitreous haemorrhage.
The history of an infected lesion suggests some connection
between this and vitreous haemorrhage. Two months is a relatively
long interval, however, to elapse. But this does not negative the
possibility of a local endarteritis in a retinal vessel producing in
course of time some aneurysmal dilatation with subsequent rupture,
since the amount of bleeding suggests that it is arterial rather
than venous. There is another possible explanation, that of an
infected embolus, but the lapse of time between the incidenice of
the original local infection and that of the haenmorrhage is an
argument against this view.

Tension of the Retinal Arteries.-Three cases had hypertension,
two hypotension and in the remainder the general blood pressure
was raised. (No estimation of the retinal pressure was made in the
last two cases.)

If one accepts the generally held view that the haemorrhage is
due to an infected embolus lodging in one of the branches of the
retinal artery causing the vessel to give way, the amount of
subsequent bleeding will depend on the tension of the blood in
the affected vessel and the pressure of the vitreous against the
vessel wall. The pressure inside the vessel in the majority of
the cases was high. Further, in the two cases with hypotension
the haemorrhage must have been smaller for it had been mostly
absorbed.
Case 2 is interesting in this respect for there is hypertension

present, and this patient, three months after the left vitreous
haemorrhage cleared, had a large haemorrhage in the right eye,
which has now persisted for more than a year without any sign
of absorption. Fig. 5 is a drawing of the retina of the right eye.

It has been mentioned that in the presence of healthy vitreous
a considerable barrier against much extravasation would be con-
stituted. This was shown in a case of subhyaloid haemorrhage
in a young man, who was admitted to hospital a few hours after
the occurrence of the haemorrhage. Several measurements of the
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FIG. 5.

intra-ocular pressure and the tension of the retinal arteries showed
these to be normal. The amount of haemorrhage was small. There
is the additional factor in these cases of subhyaloid haemorrhage
that the retinal vessels are apparently normal while in elderly
diabetics the retinal vessels are arterio-sclerotic, and therefore less
contractile from the increase in the fibrous tissue in their walls.

Conclusions

1. Vitreous haemorrhage has been found constantly associated
with an infective focus somewhere in the body.

2. The amount of haemorrhage may be dependent on the state
of the vitreous and the condition of the retinal vessels.

3. Hypertension in the retinal vessels is usually found in cases
of vitreous haemorrhage.
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Section VI -Lens Changes

Visual disturbances appear early in the literature on diabetes
mellitus. John Rolls (1797) in an account of two cases of diabetes
writes of one patient: "there is a fullness about the eyes with a
yellowish caste." Destouches (1817) noted that "quelque fois
l'impression de la lumi6re est douloureuse; d'autres fois la vue
s'affaibet. Tantot les yeux cataractes ne permettent plus aux
malades de distinguer les objets." Barendt (1834), Unger (1837)
and others also established the connection between cataract and
diabetes. By 1854 Mackenzie had collected a series of cases.
France (1857) was the first to describe the special features of the
changes in the lens in young patients which were confirmed by
Warburton Begbie (1861) and hold good at the preseht time.
Much work has been done on the causes of progressive failure of
vision, e.g., cataract and retinitis. Visual symptoms may, how-
ever, be transient, and recently Himsworth has stressed their
importance. Thus in 49 per cent. of diabetics under 45 years and
in 21 per cent. over 45 years, Himsworth obtained a history of
temporary visual disturbance.
To determine the incidence of lens changes, a series of cases

was divided into the following groups:
(1) Eighty patients were examined under full mydriasis with

the Gullstrand slit-lamp.
(2) In 228 patients the occurrence of macroscopic (i.e., visible

with the ophthalmoscope) lens changes was determined.
(3) True diabetic cataract in two cases.
At the same time special attention was paid to the duration and

type of the diabetes, i.e., whether the disease had progressed or
remained stationary. The basis for the latter conclusion was the
amount of insulin required and the absence of sugar and ketones
in the urine.
By group (1) it was hoped to establish the incidence of the

early changes in the lens which are commonly followed by the
development of lens opacities and to determine whether diabetics
were more prone than others to cataract. We have accepted the
view that the only true diabetic cataract occurs in patients below
36 years old.

In the age group (23-50) there was one patient, a diabetic of
four years' standing who was controlled by twenty units of insulin
who had cuneiform cataract. Three had subcapsular vacuoles and
in those patients the diabetes had lasted from four to seven years,
one on diet treatment only and the other two on 40 and 50 units
of insulin per diem, respectively. Albuminuria was present in one
of these cases and the blood sugar in the others was 0.22 per cent.
and 0.25 per cent.

In the age group (50-60) ten patients out of thirty-four had no
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changes in the lens. In fifteen there were various forms of cataract
while eight had presenile changes. In the next age period (60-70)
three patients had clear lenses, seven had cataract, three had
lamellar separation and three other patients had fluid spaces
(Wasserspalten). Out of 228 diabetics there were thirty cases of
lens changes visible with the ophthalmoscope. Half of the patients
in the age group (50-60) with cuneiform striae did not complain
of visual disturbances. There were two complicated cataracts and
two extractions with good resulting vision.

Cases with true Diabetic Cataract
Mackenzie (1854) wrote of the occurrence of cataract in women

from 18-25 years old with diabetes and in mnales at a later age
period. France (1857) points out that rapidly increasing bilateral
opacity of the lens was characteristic of diabetes. These cases
give a characteristic appearance of small subcapsular opacities,
and have been fully described by Goulden, Schyder and others.
The patients are young and suffer from a fairly severe form of
diabetes.

In the present series there were two'such cases (1) male (26),
diabetic for five years, requiring 20/20 units of insulin daily,
who sometimes had a trace of sugar in the urine; (2) female (17),
whose sight first became affected two years after the onset of
cliabetes. The blood sugar was 75 mgs. per 100 c.c. of capillary
blood.

Age.-In attempting to determine the effect of diabetes in
producing lens changes, the influence of age must first be assessed.
This has already been investigated by Anderson (1924) and Gradle
(1926) who compared the incidence of lens changes in diabetics
with healthy patients. Anderson's figures for these two groups
of patients show little difference. When compared with the
incidence of presenile and senile cataract ratios of Anderson,
Schild or others, our diabetic cases have a higher incidence of
lens changes. Thus:-
Age period 23-50, twenty had clear lenses while ten had pre-

senile'and senile changes-33.3 per cent. Between 50-60 years of
age, eleven out of 34 cases had clear lenses, while 23 had changes
-67.6 per cent. Thirteen cases out of sixteen at age period 60-70
years had lens changes-81 per cent. These figures are higher
thain those of Anderson and Gradle, but it must be remembered
tlhey include presenile changes as well.
The increase proportional to age shows that senile processes

play a considerable but not the whole part in the production of
lens opacities in diabetics.
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OCULAR CONDITIONS IN DIABETES MELLITUS

Type and Duration of the Diabetes.-An examination of the
table (age 28-50) shows that, considered as a whole, the patients
with lens changes had a more severe form of diabetes than those in
whom no lens change could be detected. There was a tendency
to the maintenance of a higher level in the blood sugar and in
others the amount of insulin was relatively higher-. This is also
true of the table (age period, 50-60) and (60-70). Thus, out of
five cases with lamellar separation, three were definitely progressive
and severe. Parsons (1904) believes that diabetic cataract should
be included in the group of toxic cataracts due to nutritional defect
by the toxic metabolic products. He points out that ordinary senile
cataract may occur in diabetics and diabetic cataract may not
differ from the senile form. There have been many investigations
into the frequency of cataract in diabetes and the figures vary up
to 25 per cent. (von Graefe). Baldwin and Barthel (1924) suggest
the asssociation between cataract and hyperglycaemia. It has been
found, however, that the amount of sugar in the aqueoujs is much
smaller than that required to produce lens changes experimentally.
Hyperglycaemia was present in eight of our cases out of 80 cases
examined with the slit-lamp, which had lens opacities, and in four
out of 30 patients with macroscopic cataract.
The Influence of Infections.-A history of infection was of fairly

common occurrence in diabetics with cataract. One quarter of the
-number of patients with gangrene had lens opacities. In those
cases examined with the slit-lamp there were five which had septic
lesions, while a number of others had albumen sometimes present
in the urine. Leyton (1927) has drawn attention to the upset of
metabolism in infection, causing the blood sugar to rise, and that
the factors whether insulin will be efficacious or no are not known.
It seems that an increase either in the blood sugar or in toxic
substances from the disturbance of metabolism may play some
part in the production of lens changes.

Retinitis and Cataract-.-Gallus was of opinion that the two were
not associated. Anderson in thirty-two cases of retinitis found
-slight lens changes. In seven instances in the present investigation
lens opacities and retinitis were found together.

Insulin and Cataract. he effect of insulin treatment, at present,
can be judged from two aspects only: (1) the effect on true diabetic
cataract; (2) as an adjunct to pre-operative treatment.

Nettleship and Seeger (1870) reported cases where the lens
opacities in young patients cleared during the course of medical
treatment. On the other hand, Foster Moore (1925) reported a
case in whom after five months of complete control by insulin no
change could be detected. He adds that insulin may retard the
progress of the lens changes. Case (2) of group (3) was under
careful treatment for two years yet the cataract progressed, probably
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much more slowly than it would have done on diet treatment
alone.

Insulin and Operative Treatment.-In the pre-insulin days
suppuration often ensued after operation especially in young
diabetics. France (1860) reports such a case. In 1860 Swain
reported a successful operation in a woman, aged 39 years. Gifford
(1911) estimated that in 43 per cent. of young diabetics the eye
was lost from suppuration, while in the old the prognosis was
much better and the chief danger was retinal haemorrhage.
Whiting (1914) concludes that there is little more danger than
with senile cataract provided careful pre-operative treatment has
been carried out.
The value of insulin in ophthalmic as well as in other operations

was early recognized and now the prognosis of cataract needlings
and extractions in diabetics is as favourable as in healthy persons.

Section VII-Ocular Nerve Paresis in Diabetes
Ocular palsies have been described occurring during diabetes by

a large number of observers, Ogle (1866), Haltenhoff (1873),
and others.
The muscles affected are the sphincter pupillae, levator palpebrae

superioris (Seeger) and others supplied by the third cranial nerve
(Ogle, 1866). The sixth cranial nerve (Cohn, 1878), Hawthorne
(1899), is also frequently affected. Dieulafoy (1905) states that the
abducens is more often involved than any other and that it is some-
times the onlv sign of diabetes in adults. So that a sixth nerve
lesion should make one think of diabetes after excluding para-
syphilitic lesions. Sometimes the fourth nerve is affected
(Kwiatowski).
The third nerve was affected in two of our cases of diabetes,

(both women). They had been treated for four and eight years
respectively for diabetes, one by diet and the other had been for
two years on insulin. Their ages were 60 and 63 years, both had
arterio-sclerosis, and one pronounced diabetic retinitis. Symptoms
were sudden in onest and consisted of unilateral ptosis with
external strabismus. After two to three months on iodides recovery
was complete.

An ophthalmoscopic examination in diabetes mnellitus is helpful
in assessing the general condition of the patient; in detecting the
presence of arterio-sclerosis and in the diagnosis of coma and its
degree. In spite of careful treatment, retinitis usually advances
and is a frequent cause of failure of vision, while the danger of
vitreous haemorrhage is ever present. There seems to be some
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OCULAR CONDITIONS IN DIABETES MELLITUS 619

relation between the progressive deterioration of vision (cataract
and retinal haemorrhages) and the presence of sepsis probably from
the ensuing progression of the diabetes.

I am indebted to Professor C. C. Okell for rearranging the
text greatly to its advantage. To Professor Elliott, of University
College Hospital; Dr. George Graham, of St. Bartholomew's
Hospital; Dr. Leyton and Professor Ellis, of the London Hospital
for permission to examine their cases. To Mr. Goulden for his
kindly interest and for the loan of his slit-lamp; to Miss R. M.
Simmonds for her help especially the use of her card index of
patients.
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