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AMONG the rarer and more interesting of the ocular complications
of diabetes mellitus are sudden changes in refraction. Both an
increase and a decrease in the refractive power occur; myopia has
long been recognised (occurring in 4 per cent. of cases, von
Noorden "), hypermetropia is rarer. A considerable number of
observers have reported cases of both conditions, and, on analysis,
it would seem possible to co-ordinate their findings into a definite
‘“law.”—That the refractive power of the eye tends to vary directly
as the sugar content of the blood; that is, there is a tendency to
hypermetropia with decreased sugar, with increased sugar to myopia.
This conclusion is strongly borne out by the study of three cases
which have recently come under my observation in St. George’s
Hospital. Inthe first, refraction varied with mathematical precision
with the blood-sugar content; the second showed hypermetropia
following a decrease of sugar; while the third developed myopia as
a terminal complication of a fatal diabetes.

CASE 1
Showing Refraction varying with Blood-Sugar Content

W. J., male, aged 31 years. Previous health very good: led a
healthy, active life, including four years service in France during the
war. ‘““For some years” had noticed his urine “ muddy ”; and in
1914 was turned down in an application for a life insurance policy.
The case is, therefore, probably one of a mild symptomless diabetes of
long standing, with, recently, an acute exacerbation. Unfortunately
there was no record of his previous refraction, but he insisted that
his sight-has always been perfect—in any case it allowed him to
follow his occupation as a clerk with perfect ease.

Eight weeks before admission to hospital he noticed he was easily
fatigued, and three days before he came under observation he
collapsed entirely. On admission he appeared on the verge of coma:
he was emaciated, shrunken, and anxious, his breath smelt strongly
of acetone, and his urine was loaded with sugar.

After the institution of rigorous diabetic treatment with insulin
he improved dramatically. But the treatment would appear to
have been too heroic ; his blood-sugar temporarily fell below normal,
he developed symptons of hypoglycaemia, and, quite suddenly, on
the following day, he complained of dimness and mistiness of vision.
On examination he was found to have developed a pronounced
hypermetropic astigmatism.
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The progress of the case can most easily be followed from the
accompanying charts. The urine-sugar and acetone bodies (Fig. 1.)
were estimated daily, the blood-sugar at somewhat longer intervals,
and to co-ordinate the results several sugar tolerance tests were
done, one of which is figured. (Fig. 4.) The nature of this curve
incidentally proves that the patient was a true diabetic. The re-
fractions were measured every third day, in each case under cyclo-
plegia (Fig. 3.), and the appropriate lenses always brought his
vision easily up to 6/5. During the whole period he was under
observation the fundus and vessels remained normal, the media
clear, the lens showed no trace of opacity, there was no spasm or
paralysis of the external musculature, no esophoria, the visual fields
remained unimpaired, and the tension normal.

Period A : 2/3/24 to 12/3/24.

The blood-sugar was rapidly reduced from an unknown height
to 0.062 per cent. On 3/3/24 the refraction read :

R.V.: + 5.25D. + cyl. 0.75 ax. 150°.
L.V.: + 4.75D. + cyl. 0.75 ax. 30°.

Carbohydrates in the diet were increased and the insulin dosage
lessened, and by 12/3/24 he was excreting 34.75 gms. of glucose
per diem. During this period of sugar increase the refraction
changed, as figured, to: : '
R.V.: + 2.0D. + cyl. 0.75 ax. 150°.
L.V.: + 30D. + cyl. 0.25 ax. 30°.

Period B : 13/3/24 to 24/3/24.

The sugar again was rapidly reduced by insulin and starvation
to an excretive value of 2.62 gms. per diem. After this second fall
a second ‘hypermetropic crisis” occurred. On 14/3/24 the
refraction gave :

R.V.: + 3.25D. + cyl. 0.5 ax. 120°.
L.V.: 4 3.25D. +. cyl. 0.75 ax. 60°.

The blood-sugar was thereafter allowed to increase, latterly by
largely adding to the carbohydrate intake and withholding insulin,
until it reached 0.293 per cent. with a urine excretion of 169.05
gms. per diem, during which time a decrease in hypermetropia
occurred. Refraction on 24/3/24 gave -

~ R.V.: +1.25D. + cyl. 0.25 ax. 120°.
L.V.: +1.25D. + cyl. 0.25 ax. 60°.
Period C: 25/3/24 to 25/4/24.
A further reduction of sugar to 0.066 per cent. in the blood, and
. 1.55 gms. daily in the urine, caused hypermetropia again to appear :
on 31/3/24 :

R.V.: 4+2.0D. + cyl. 1.25 ax. 105°
L.V.: 42.5D. + cyl. 0.5 ax. 75°.
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Thereafter his blood-sugar was kept approximately normal, i..,
at slightly less than 1 per cent., and the refraction fell as charted
until it reached a value of :

R.V.: +1.5D. + cyl. 0.25 ax. 105°.
La&V.: +1.5D. + cyl. 0.25 ax. 75°.

at which value it appeared to stabilize. By 24/4/24 his metabolic
condition appeared to have become stable on a fairly liberal diet
aided by 30 units of insulin daily, his eyes appeared to have reached
what was presumably their normal, and he himself felt, and looked
fit and well. . He was therefore discharged provided with in-
structions as to diet and insulin dosage.

Period D: 9/5/24 to 19/5/24.

Fourteen days later he returned and proceeded to go through a
fourth sugar-variation phase, on this occasion pathological, when
before it had been experimental. A badly sterilized insulin syringe
at home had given him a cellulitis of the left arm. This was treated,
but by 14/5/24 the blood-sugar had risen to 0.292 per cent. and he
was excreting 55.61 grms. in the urine per 24 hours. Meantime
his refraction, which, when he came into hospital on the 9/5/24 was
still at the previous (normal) value, tended towards myopia, and
now read : ’

R.V.: +1.0 D. + cyl. 0.25 ax. 105°.
L.V.: +0.75D. + cyl. 0.5 ax. 75°.
Period E: 19/5/24 to 9/7/24. ‘

The sugar remained high until 19/5/24, and the (comparative)
myopia persisted. The arm then cleared up, the sugar fell to normal
rapidly, and on the 24/5/24, when the blood-sugar value was
0.095 per cent., refraction showed a hypermetropia.

R.V.: 4 2.25D. + cyl. 0.25 ax. 105°.
LV.: +2.0 D. + cyl. 0.5 ax.75°

Thereafter he progressed steadily, and one week later was again
discharged with a normal and stable blood-sugar, and a refraction
once more reading :

R.V.: +1.5D. + cyl. 0.25 ax. 105°.
L.V.: +1.5D. + cyl. 0.25 ax. 75°.

This persisted until July 19th.

CASE 1II
Showing Hypermetropia with Sudden Decrease of Sugar
L. L., female, aged 37 years. Previous health good ; diabetes had

never been suspected. She gave a history of having been out-of-
sorts and drowsy for one week, and of having vomited persistently
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for one day ; she had been without food of any kind for the previous
forty-eight hours. On admission she was found to be in a state of
semi-coma ; she was very lethargic, her face was flushed, her breath
smelt strongly of acetone, her urine was loaded with sugar and
acetone-bodies, and her knee-jerks were absent. , Her blood-sugar
was found to be 0.493 per cent. Her eyes were in every respect
perfectly normal, and her vision, as far as her state would permit of
its being tested, was good. The refraction corresponded to that of
glasses which were brought with her, obtained on prescription from
an ophthalmic surgeon some two years previously, viz. :

R.V.: 0D. + cyl. 0.5 ax. 70°.
L.V.: +0.5D. — cyl. 1.5 ax. 160°.

Insulin in large doses was exhibited together with glucose by the
mouth. Within the first twelve hours she had received 310 units,
and on the following morning, with a blood-sugar value of 0.056
per cent. rising to 0.158 per cent., she was sitting up in bed
comfortably eating breakfast. Her eyes were again examined in
detail, and again found to be normal—fundus, media, lens, pupil
reactions, accommodation, muscles, tension, etc. Unaided the
V.A. gave:

R.V. = 6/5.
L.V. = 6/9.

and, with her glasses, both eyes reached 6/5.

Thereafter she was put on a diet of 1,500 calories (containing
74 gms. total glucose value) with a daily insulin dosage of 60 units
falling gradually in 26 days to nil. Under this régime she remained
perfectly well, her urine remained continuously sugar-free, and her
blood-sugar at approximately the normal value of 0.1 per cent.
The course of the case can be seen in figs. 5, 6 and 7.

On the morning of the third day after admission her knee-jerks
returned (an unusual event), and, in the afternoon, on awaking
from a sleep, she burst into tears saying she had ‘ gone blind.”
On examination her eyes were found to be normal (tension, pupils,
fundi, movements, etc.), but the refraction showed a remarkable
degree of hypermetropia. She was put under atropin, and
investigation showed :

R.V.: +6.0D. + cyl. 1.5 ax. 70° = 6/9.
L.V.: +5.5D. + cyl. 4.0 ax. 70° = 6/12.

—an addition of 9 dioptres in one axis.

She was kept atropinized during her stay in hospital, and her
refraction steadily fell as charted in Fig. 7, until on 27/6/24 it had
reached a value of :
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R.V.: +1.0D. + cyl. 1.0 ax. 70° = 6/5.
L.V.: +2.0D. + cyl. 2.0 ax. 70° = 6/6.

She was then discharged with instructions as to diet. On
reporting on 9/7/24 she was found to be still sugar-free, and her
refraction, under cycloplegia, read :

R.V.:  0OD. + cyl. 1.0 ax. 70° = 6/5.
L.V.: + 2.0D. — cyl. 1.0 ax. 160° = 6/5.

On 19/7/24, seven weeks after admission, the refraction had
almost reached its normal value :

R.V.:  0D. +cyl. 0.5 ax. 70° = 6/5.
L.V.: + 1.0D. — cyl. 1.0 ax. 100° = 6/5.

CASE 111
Showing Myopia with Increasing Sugar

R.L., female, age 21 years. This patient was not directly under
my care, but I had the privilege of observing her latterly. She
was a diabetic of old standing, and had been treated for diabetes in
hospital in June, 1923, when she was put on insulin treatment.
She was re-admitted in coma in December of the same year, and
again, also in coma, on April 4th, 1924,

The condition of her eyes on the two previous occasions was
noted as normal, objectively and subjectively. She had never
worn glasses, and her people insisted that her eyesight had always
been perfect until a short time before. the last admission, when she
complained of dimness of vision, which steadily increased. I saw
her two days after admission: she was extremely drowsy and
irritable, her blood-sugar was 0.483 per cent., and her eyes, while
in every other respect normal (including the tension), showed a
refractive value under atropin of R. — 14 D. sph. L. — 13 D. sph.
In spite of all treatment her condition got progressively worse.
On the eighth day, while the refraction remained stationary, the
tension of the eyeball had fallen to nil; on palpation it felt soft
like a water-bed. The next day the patient died.

Although in this case there is no record of any previous refraction,
one would seem to be justified in assuming that there was some,
probably a considerable, degree of terminal myopia.

These three cases thus show a gradual tendency to myopia with
increasing sugar, and a definite hypermetropia, coming on suddenly,
soon after a rapid decrease in the blood-sugar value.

A study of the literature has brought to light forty-five recorded
cases illustrating this refractive change. These are tabulated below,
the change in refraction, not the actual measurement, being given.
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DIOPTRES.
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CHART 1 shows the sugar excretion per 24 hours.
The figures are in gms. these giving a more accurate
comparison than percentages, since the quantity of
urine varies enormously with the sugar content.
Thereadings are given daily. The dotted line indicates
the excretion of acetone bodies: acetone, diacetic
acid, and B. hydroxybutyric acid—also in gms.

CHART 2 indicates the variation in blood-sugar
content expressed in percentages. To obtain uni-
formity the blood was in each case taken four hours
after breakfast. These were estimated less fre-
quently than the urine sugar, and thus the chart is
less accurate. A comparison of the two is aided by
a study of a sugar tolerance test (done while under
insulin). 0.7 per cent. urine sugar represents
approximately a secretion of 1.05 gms. per 24 hours ;
5 per cent. of 7.5 gms. )

CHART 3 shows the variation in refraction: the
upper one of the right eye, the lower one of the left.
The ordinates show dioptres of hypermetropia. The
upper limit of each graph represents the axis of
greatest curvature, the lower limit the least. Thus
on the 3/3/24 the refraction of the right eye was

+
|m‘|l +5.25. On the 14/3/24 the axis of astigmatism
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indersely as the sugar curves.

CHART 4. The upper figure represents the reaction
on the blood-content and urine of the ingestion of
50 gms. glucose, and the correlation between the two.
The lower figure gives the variation in the number of
red corpuscles per c.cm. of blood occurring at the
same time. The blood-volume will vary in inverse
proportion to this, 7.e., directly as the sugar-content.



THE BRITISH JOURNAL OF OPHTHALMOLOGY

174

DATE :(—May June

Blood-sugar in %.

Insulin
dosage

Blood-sugar %.

23N 24 68 /0N % 15 P20 22 4 2%

- XX

o4

o33

02

o

o

e

0005000000009 0009000000%% . -
mbéb.o.o‘a(sr&wa.afdaaz..//

FiG. 5.—BL0OD-SUGAR CURVE

F1G6.6.—SUGAR TOLERANCE CURVE

sho

wing the typical diabetic characteristics

CASE 1I1.
July
9. 9.

pale

—

o & Ve

DIOPTRES.

0O - vt x>

G e - w3

DIOPTRES.
+
QO =~ & W x

'
o L

FiG. 7.

Curve of change of refraction in each eye.
(after Fig. 3.)

may
2§73 12

Tevaa

]

6 8

w 12 14 16 18 10 1 3y 26 2§

RIGHT EYE

LEFT EYE

Tialy.
2ty



CHANGES IN REFRACTION IN DIABETES MELLITUS

i

GROUP 1

175

MYOPIA WITH SUGAR INCREASE.

No. Observer. Sixg:f'd g&i:gﬁgs. Clinical Notes.
1. |Appenzeller, ?43. -1 Returned to normal on
1896 treatment. ~ °
2. | Grimsdale, 1897| $45. |R:~3D.—1.25 cyl. | R. lens opacities' centre.
(axis changed) | Loss of accommodation.
L:—375D. Four weeks later coma and
death.
3. [de Schweinitz, 3 47. - 1.75. —_
No. 1, 1897.
4. de Schweinitz, 2 20. R: -3 Oedema choroid : vitreous
No. 2, 1897. L: —2. opacities. Coma and death.

5. | Dujardin, 1900. | ¢ 69. - 5. Sugar persisted on treat-
ment: eyes remained
myopic.

6. | Heine. — - 1. Cataract.

7. Neuberger, 2 50. R: -15 Returned to normal in three

No. 1, 1903. L: —2. weeks, although sugar in-
creased.

8. | Neuberger, ? 48. R: —3.75. Progressing cataract.

No. 2, 1903. L: —8.75.

9. | Alexander,1903.| J57. -1, Urine Sugar, 5.7 per cent.
In 13 days sugar-free, and
refraction normal.

10. | Landolt, 1904. 260°? ? Observed for several years.
Each exacerbation of dia-
betes announced itself by
a diminution of refraction.

11. | Jackson, 1905. 2 52. - 1.75. Soon died.

12. | Groenouw, ¢ 52. - 1. Three weeks' treatment,

1907. refraction qormal.

13. | Wescott, 1911. 247. |R:=15+40.25cyl. | Urine sugar 5 per cent.
\axis changed). | Although sugar remained
L:—1.2540.25¢cyl. | high, refraction tended to
return to normal, adding
+ 1.25 D of Hm. in four
months. Coma and death

resulted. -

14. | Elschnig. 3 14. — 2.5. Urine sugar, 7 per cent.

+ acetone. One month
later death in coma.
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GROUP 1II

HYPERMETROPIA WITH SUGAR DECREASE

Observer.

Sex and
Age.

Change in
Refraction.

Clinical Notes.

15.

16.

17.

18.

19.

20.

21.

22.

‘| Hirschberg,

1891.

Risley, No. 3,
1897.

Gallus, 1906.

Lundsgaard,
No. 1, 1907.

~

Lundsgaard,
No. 2, 1910.

Knapp, No. 2,
1909.

Ellis,
1911.

No. 1,

Ellis, No. 4.

d 48.

é 51.

2?

2 50.

3 48.

?40.

+sph. 1 + cyl. 40

+ 1.25 cyl. ax. 90°.

[gl-y]
++

+ 4.5.

+1.5D. +0.5cyl.

Patient myopic: normal
—9D.sph. Change occurred
14th day of treatment.

Appeared and disappeared
with paresis of accommod-
ation and esophoria. Due
to change in corneal
curvature.

Occurred on second week of
treatment. Normal in two
months, when sugar-free.

Occurred suddenly on treat-
ment. Normal in four
months when sugar-free.

Occurred 15 days after
treatment commenced.
During first 12 days urine
sugar reduced from 6.2 per
cent. to 0.2 per cent.

Paralysisof accommodation.
Occurred a few weeks
after ' treatment began.
Normal in four weeks
when sugar-free.

Occurred two to three
weeks after treatment be-
gan. Returned towards
normal slowly with the
appearance of a small cy-
linder. In three months
when sugar was still
2.5 per cent. R: 4 2.25.
L:+1.37.

Occurred on treatment one
week.
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GROUP Il.—continued.
"HYPERMETROPIA WITH SUGAR DECREASE

Observer.

Sex and
Age.

Change in
Refraction.

Clinical Notes.

23.

24.

25.

26.

27.

28.

29.

30.

Zentmayer,
1912.

Post, 1917.

Spalding, 1923.

Rober‘ts, No.
1923.

Roberts, No.
1923.

Roberts, No.
1923,

Roberts, No.
1923.

Elschnig, No.

1923.

2 58.

2 59.

229.

é 51.

? 54.

2 55.

2 66,

?47.

25,

R:+25+ 0.2
L:+4+ 25+ 05.

(-]
++
- o
3
w

o

5+
+ 0.

ey

ww
(SN |
N

5 cyl.

+ 1.75.

+ 4 + 0.25 cyl.

++
o w
NN
S &

ww

R: + 2.
L : no change,

.75 cyl.

Occurred 10 days after
treatment started. Sugar
reduced from 5 per cent. to
nil. In two months re-
fraction almost normal :
R:05D. L:0.75D.

? on treatment. Normal in

four months.

Occurred on second day's
starvation.

Occurred two weeks after

~treatment began. Sugar
reduced from 7 per cent. to
nil in four weeks. Normal
in six months.

Occurred after one week's
-dieting. Five weeks later
returned to normal with a
fall of 1.25 D 4 0.25 cyl.
in R.E.

Occurred on sugar falling
from 10 per cent. to nil.
Normal in three months.
Later, on restricted diet,
vision blurs; on eating
" carbohydrate, vision clears

up.

On treatment four weeks.
Sugar reduced from 7 per
cent. Normal in three
weeks.

Occurred 14 days after
treatment. Three months
later was returning to nor-
mal. The L.E. had had a
previous cataract extract-
ion. It remained constant
4+ 9.5 D sph. + 4 cyl. =
6/12. :
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GROUP III
SHOWING BOTH CHANGES
No. Observer. SeAxs:f)d gg::gg;:' Clinical Notes.
31. |Risley, No. 1,| 949. |(a) R: +2.25+1.25] (a) Occurred on commence-
1897. cyl.| ment of treatment: it.e.,
L:+3.25+4+0.75| sugar diminished.
cyl. | (b) 25 days later : sugar in-
(b) R: —3.75. creased.
L:—45.
32. |Risley, No. 2 ¢74. |[(a)R:+1.L:+40.75. (a) On treatment 14 days:
(b)R:=1.L:+0.75.| sugar a trace.
(b) One month later : sugar
4.2 per cent.
33. |Carpenter,1902.| 251. |(a) R: 4 1.75 4+ 0.5 | (a) On treatment four weeks.
cyl. | (b) Patient left off diet.
L:+2540.5
cyl.
(b) R:—2.25L:—3.
34. | Gould, 1907. 358. [(a) R: —0.63D. (a) Untreated.
L:—0.63D.—0.25| (b) On treatment.
cyl. (axis changed).
(b) R: +1.25 +0.13
cyl.
L:+1.38+013
cyl. (axis changed).
35. |Knapp, No. 1,| 947. |(a) —2. (a) Untreated.
1909. (b) R: 4+3. L:+2.5|(b) After 14 days’ treatment
() R:—0.5.L:—0.25.| when sugar-free.
: (c) After 14 days’ sugar-free
(returning to normal).
36. | Lundsgaard, ?50. |(a) R:+41.L:+40.5. [(a) Sugar reduced from 6
No. 3, 1910. (b) R: —2.5. L: —2.| per cent. to 0.85 per cent.
(b) Sugar increasing.
37. | Lundsgaard, 341. |(a) +2.5. (a) Ten days' treatment:
No. 4, 1919. (b) —2. sugar, urine nil; blood
i (c) —o0.5. 0.120 per cent.
(b) Six days later : sugar,
urine 2.4 per cent. ; blood
0.217 per cent.
(c) Six days later : sugar,
urine 0.3 per cent.; blood
0.180 per cent.
38. |Ellis, No. 3,| ¢65. |(@ R:+25 4+1.25|(a) On treatment, four
1911. cyl.| weeks.
L:+25 4+ 0.75|(b) Five months later,
cyl. (axis changed). | treatment neglected.
() R: —1.75 —1.0
cyl.
L:~-175-0.75
cyl. (axis changed).
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ANOMALOUS CASES, AND CASES LACKING SUGAR DaATA

Observer.

Sex and
Age.

Change in
Refraction.

Clinical Notes.

39.

40.

41.

42.

43.

44,

45.

Horner, 1873.
Cohen, 1878.

Doyne, 1897.

Sourdille, 1900.

Lichtenstein,
1906.

Ellis, No.

1911.

2,

Roberts, No. 3,
1923.

255.

2 68.

340.

é 53.

317.

2 48.

2 53.

(a) + 2.
(b) —2.

+ 1.5.

(a) + 3.
(b) —2.25.

+2D.

+ 2.

(a) R: —0.25 cyl.
(axis changed).
L:
(b) R:
L:—2.0.
(© R: + 0.25.
L:+0.54+0.25cyl.

+1.5 +0.25 cyl.

No mydriatic used.
No sugar data.

No mydriatic used.
No sugar data.

Was 43 D. when had sugar

+ was 0.75 D. when sugar-
free some months later ;
but no data of condition
before or during the in-
terval.

Developed suddenly : nor-
mal in eight days when
sugar-free. No mydriatic
-used. Syphilis +. No
definite sugar data.

Apparently a Hm. with

sugar +. Itlasted 14 days,
and returned to normal
some weeks later. Ac-
commodation was para-
lysed, adding + 13 D. (sic)
for near vision. No definite
sugar data.

(a) Measured when urine
sugar was 4.5 per cent.

(b) . Three months later,
when sugar-free, i.e., an
apparent myopia with
sugar decrease; but esti-
mations only at prolonged
intervals.

(c) Two months later.

Normal in four months.
Leftchorio-retinitis. Right

swollen disc. Patient al-
most blind. No definite
sugar data.

To account for this refractive change a great number of theories
have at various times been advanced, including the suggestion that
refractive errors are a causal factor in the aetiology of diabetes.
The possible causes may be considered briefly : most can as briefly
be dismissed. '
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- I. DYNAMIC.—Dependent on a neuro-muscular mechanism

1. Affecting the internal musculature.

Paresis of accommodation, allowing a latent hypermetropia to
become manifest, in part or in whole (Groenouw, Schmidt-
Rimplert?),

This does occur in some cases (Nos. 16, 20, 43) ; it may account
for part or the whole of the change in some (Nos. 39, 40, 42) ; but,
applied to the majority, the theory breaks down.

Thus: (@) The range of accommodation has repeatedly been

found to be normal.

(b) A mydriatic eliminates its influence.

(¢) The ages of many of the cases are beyond that during
which accommodation is active (Nos. 5, 29,
38, 40).

(@) Many of the cases developed a degree of hypermetropia
greater than the range of accommodation would
allow (Nos. 5, 8).

(¢) It cannot account at all for the occurrenee of myopia.

2. Affecting the external musculature (Risley®).

In Case 16, the hypermetropic astigmatism, apparently due to
a change in corneal curvature, which appeared and disappeared with
esophoria, presumably depended on a spasm of the laterally acting
muscles. But this would appear to be isolated, and, when it has
been looked for specially in several cases, it has been found absent.

II. STATIC.—Dependent on a physico-chemical mechanism

1. Affecting the coats of the eye.

(i) A shortening of the antero-posterior axis due to a shrink-
age of the eye from loss of fluid in the vitreous. (Sourdille“? :
Lichtenstein'®?.)

This undoubtedly does occur in advanced cases, as a terminal
event in diabetes when the tissues generally have become dehy-
drated. It is well known clinically as the *soft eye” of diabetic
coma.

But (@) If it occured at all in milder cases the result would be

a hypermetropia with increasing sugar. The
theory was advanced to explain the anomalous
cases already dealt with.

(b) The tension has been repeatedly measured and found
to be normal.

(i) A lengthening of the antero-posterior axis, due to soften-
ing and yielding of the sclera, the underlying
pathology being a diffuse oedematous condition of
the choroid. (de Schweinitz and Kneis®.)
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But (@) although this might have occurred in one case (No. 4),
when the diabetes was very severe, and the eyes other-
wise gravely affected, in milder cases the theory is not
tenable, and clinically no such choroiditis occurs.

() Such a theory cannot account for an initial hyper-
metropia.

2. Affecting the media generally—an index change. A general
alteration in the index of refraction due to the presence of sugar and
other metabolites, rendering the refraction greater, and thus inducing
myopia as diabetes progressed, rendering it less, and inducing
hypermetropia with a decrease in.the severity of the disease.
(Landolt and de Wecker“d,)

This seems delightfully simple, but :

(@ The blood-volume normally contains a very small actual
amount of sugar. Recent work %" has placed the
blood-volume at 1/13 of thé body weight. With an
average blood-sugar value of 0.1 per cent., an average
man of 65 kilos. will have normally circulating in the
blood 5 gms. of sugar. The highest diabetic value
found in a very extensive investigation @ was 15 gms.
of total sugar, or 10.75 gms. of plasma sugar. The
increase, therefore, at any time is small, in the eye
itself extremely small—too small to bring about per se
a refractive change of 8.75 (No. 8) or 9 dioptres
(Case II). A solution of sugar must be concentrated
by 20 per cent. to bring about a change in its refractive
power of 1 dioptre, and thus an increase of 1,000 gms.
per dioptre would be necessitated.

() By this theory it is difficult to imagine why the
refraction of every diabetic should not change. The
phenomenon is comparatively rare. It would also
necessitate a gradual rise and fall in refractive power,
varying exactly with the sugar content; whereas the
change, especially the hypermetropic change, is usually
sudden.

(¢) It cannotaccount for an astigmatic change, which occurs
in 36 per cent. of cases in the series.

3. Affecting the lens. A lenticular change involving one or
other, or both, of the following factors:

(i) A generalized. change of mass and density, accompamed
by a deformation of the anterior surface. ‘

@) A change in the size and density of the cortical layer
relative to the central nucleus (Grimsdale® ), making the lens, for
example in the hypermetropic’change, a more uniform structure,
tending to the infantile form, with a diminution of refractive
power.
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There would appear to be at least six considerations pointing to
the lens as being largely the causal agent in the phenomenon.

1. 81 per cent. of the cases in the series occurred between the
ages of 40 and 60 years, the period of lenticular instability.

2. Elschnig®® found that while one eye underwent changes, the
other, on which a cataract extraction had been done, remained
stationary. This is the only instance where one eye alone has been
affected, and it would thus seem that the presence of the lens is
necessary for the phenomenon to occur. ,

3. Spalding®” has noticed ‘“‘a shrinkage and flattening of the
- lens.”

4. The occurrence of astigmatic changes (in 36 per cent. of
cases) suggests deformation of the lens as the origin.

5. [t is conceivable to suppose that the character of this tissue
and its mode of nourishment make it resistant to change; it is
sluggish physiologically and pathologically. In the majority of
diabetics changes do not occur. In some cases, after resisting
osmotic forces for some time, it suddenly yields: this would
account for what appears to be a very constant phenomenon and
one somewhat difficult to explain. The sudden refractive change
occurring some time after the sugar-value has fallen, while it also
accounts for the rarity of the condition.

6. The lens in diabetes is unstable. The occurrence of cataract
is’common, and an opacity can readily be produced experimentally
by sugar infusion in the frog®. Too close a parallelism should
not, however, be drawn. It has been suggested that the myopia is
comparable to that occurring prior to the sclerosing process of
senile cataract, but this seems unlikely, in that the change is
frequently sudden, there is a rapid improvement on treatment,
lenticular opacities were detected in only 8.8 per cent. of the series,
and such an analogy leaves no place for the incidence of an initial
hypermetropia.

It seems most reasonable to explain these changes on the hypo-
thesis that they are due to osmotic influences consequent on the
disturbance of the water-balance of the body that forms so large a.
part in the general metabolic upset known clinically as diabetes.
The conservation of normality in the constitution of the blood
would appear to be one of the first and most urgent aims of the
body-mechanism. A very small deviation from normal suffices to
derange the nice equilibrium on which the processes of life
depend: if there is any variation, the tendency is, at whatever

" cost, to keep it normal. As the blood-sugar increases the attempt
is made, first, by the withdrawal, by osmosis, of fluid from the
tissues, to dilute the sugar-laden blood, and secondly, to increase sugar
excretion via the kidneys— (hence polyuria as a symptom). The
net result of these two processes is to dehydrate the body, a
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catastrophe which is usually averted by a largely increased fluid
‘intake—(hence polydipsia as a symptom). Pushed to extremes,
however, the body is drained of its fluids, the eye shares in the
general dehydration, by extraction of fluid its tension falls, the soft
eye of diabetic coma results, and death usually supervenes. This
has been demonstrated experimentally by Hertel®” by sugar
infusion in animals, and more recently corroborated in America®?.
Hertel found that such an eye contained on evaporation less fluid
than normal; that the process was a purely physical one was shown
in that the same phenomenon occurred on the infusion of neutral
salts as chlorides, sulphates, phosphates, and carbonates; and that
it was osmotical, in that the electrical conductivity of the eye was
increased, demonstrating an increase in molecular concentration.

With a raised sugar we have thus a dilution of the blood by
tissue fluids, and an increased excretion from the blood of a
concentrated fluid with a high salt con{ent, and a high osmotic
pressure (urine), which is replaced volumetrically by drinking
(practically) water. These together produce :

1. An increase in blood-volume,
2. A decrease in blood-salt content,
both of which contribute to a lowering of osmotic pressure.

The change of volume may be explained thus: In health, the
fluid traffic is regulated by the effective osmotic pressure of the
blood over the lymph, due to the colloids of the former (20 to
30 mm. Hg.), inducing a flow from the tissues to the blood stream,
compensating for the amount lost by the filtration -effected
mechanically by the blood-pressure. In diabetes, the osmotic
pressure is further raised by the presence of increased crystalloid
(glucose) ; an effective increase over filtration pressure is thus
established, and fluid in excess flows from the tissues to the blood,
to be replaced, of course, by increased intake. The change in
volume was compared in both cases (1) and (2) before and after
changes in the sugar concentration were brought about, and the
above reasoning was confirmed. The investigation was made by
determinations of the red cell count and the haemoglobin percentage,
for, since the number of the red cells does not change, and the fluid
bulk is made up by a fluid lacking in haemoglobin, while these values
remain constant absolutely, they undergo a percentage change relative
to the volume. Thus after the exhibition of 50 gms., glucose to
case (1), the count fell by about a million per c.mm. during the first
hour (Fig. 4) and rose again as seen in the chart, and the haemoglobin
fell from 90 per cent. to 70 per cent. As fhe blood-volume (other
things being equal) varies inversely as the red cell count and the
haemoglobin, it is seen that it varies directly with its sugar content.

To determine the effect of sugar variation on salt content, the
total chlorides in the blood were estimated by Volhard’s method
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before and after the occurrence of changes in cases 1 and 2. Thus
in case 1, when the blood sugar was high on 25/3/24, the salt con-
tent was 0.49 per cent.; after the sudden fall it was 0.59 per cent.
This lowering of the salt content in diabetes has been observed by
others: Schmidt®, Meyers®¥, etc.; and MacLean®, estimating
the chlorides in pathological conditions, found them lowest in
-diabetes, the decrease being due to a lowering of the normal chlor-
ide threshold. This is explained by the tendency for an excess in
one crystalloid (glucose) to be compensated for by a depreciation in
another (salt). That the salt-change will exert more osmotic dis-
turbance, is evident from its smaller molecule and its ionization,
since osmotic pressure varies as the number of molecules, and if
these molecules are dissociated electrically, each fraction acts as an
element equivalent osmotically to a molecule. It might be
thought that the higher osmotic pressure established by glucose
which causes the increase in volume, and the lower pressure en-
tailed by decreased salt, were mutually antagonistic : whereas they
are complementary. Owing to its great diffusibility, salt equilib-
rium will be quickly established between the blood and tissue fluids.
A fall in blood-salt thus demands a coincident fall in general fluid-
salt. The larger sugar molecule diffuses more slowly, and there-
fore, while the salt equilibrium throughout is “ set ”” at a lower level,
the higher effective osmotic pressure in the blood due to excess cry-
stalloid still is able relatively to effect changes in volume; thus on
both counts, the osmotic pressure of the fluids bathing the lens is
lowered.

Again another factor may enter into play. Applying the colloid
chemical theory of absorption” by protoplasm®®, it is probable
that, in the increased PH of diabetic acidosis, with the subsequent
buffering of the blood, some salt is transferred from an osmotically
active state in the plasma to lnactmty in the corpuscles, rendering
the plasma still more dilute, and its osmotic pressure still less.

As the sugar content rises, therefore, the molecular concentration
of the blood and tissue fluids falls. The lens, which we have
already assumed to be peculiarly resistant to change, remains in
statu quo, and is thus bathed by a fluid at a tension lower than its
own molecular state; osmotic forces are set up, and to obtain
equilibrium, fluid flows from the lower level to the higher, that is,
into the lens, deforming it, and making the eye myopic. The
increase of refractive power may be accentuated by a decrease in
the index of refraction -of -the cortical layers, as opposed to the
harder and more resistdnt nucleus, by dilution, thereby making the
index of the whole lens less uniform, and therefore of a higher
refractive power.

Conversely, on a fall of blood-sugar, a reverse osmotic change
occurs, and some degree of hypermetropia is produced by the
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transference of fluid from the lens to the surrounding tissues and
blood, whose osmotic pressure is now raised.

Cataract is common in diabetes. It would seem probable that
its incidence may be partly accounted for by the ready degeneration
of a lens previously weakened by the long continued strain of a
deforming force, with the additional element of increased fluid
traffic. Diabetes is a metabolic dyscrasia, notorious for the many
complications it brings in its train — complications ranging in
diversity and in severity from crops of boils to mass gangrene, from
a peripheral neuritis, whose only clinical manifestation is a lost
knee-jerk, to a widespread and profound paralysis. In the eye, the
element of infection is seen in diabetic iritis : nerve involvement is
exemplified in paralysis of accommodation, in retrobulbar neuritis,
and in retinitis. The retina, like the lens, is nourished indirectly,
and is, therefore, peculiarly susceptible to osmotic influence ;
and in nephritis, where again the water-and-salt balance is out of
joint, the retina is affected.

Can it not be that these are all due to the same fundamental
cause ? The reaction between host-organism and invading micro-
organism is probably a question of the physico-chemistry of
adsorption compounds, the excitation process of nerve, a matter
of the diffusion of ions through semi-permeable membranes. It
requires but a slight disturbance of osmotic forces to upset the
nicely balanced equilibrium of the ionic and colloid systems on
which the mechanism of life depends. At the least, reasoning thus,
we approach more nearly the ideal concept, whereby the body,
both in health and in disease, is an electro-chemical mechanism
governed by purely physical laws, and get further removed from
vitalistic views of normal and morbid processes, which are merely
a dishonest confession of ignorance, are never the simplest, and are
always sterile.

Conclusions. I suggest that:

1. In diabetes sudden changes of refraction occur. In the
course of the disease with high or increasing sugar, myopia tends to
occur: with decreasing sugar, and, therefore, usually just after the
onset of energetic treatment, hypermetropia tends to occur.

2. The phenomenon is due to osmotic processes involving the
lens, caused by a variation of the molecular concentration of the
blood and tissue-fluids with the sugar content.

3. In both cases the tendency is to return to normal: in the
first, under general diabetic treatment; in the second, on the estab-
lishment of metabolic stability. Provided the diabetic element can
be successfully dealt with, invariably a good prognosis can be give n
The patient can be assured that his eyes will return to norm a
within a few weeks and that his vision will be unimpaired.
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4. In consequence of the general use of insulin, it is anticipated
that the rarer condition of hypermetropia will become more common.

I am indebted to Dr. James Torrens for permission to publish
the first case; to Dr. James Collier for the latter two; to Mr. R. R.
James for his helpful and encouraging interest in the investigation ;
and to Mr. W. G. Laws for his kindness in supplying me with the
notes of his two cases, and for his permission to add a note on
them to this paper.

Since writing this paper, Mr. W. G. Laws has very kindly given
me notes of two unpublished cases which have come under his
observation where hypermetropia developed after the appearance
of diabetes. Both patients were middle-aged women ; the onset of
hypermetropia was sudden, and occurred soon after the institution
of treatment. In one the hypermetropia amounted to 4D, and in
the other to 2D. In both the refraction returned to emmetropia
when the diabetes was kept in check by treatment. In the first
case a strict diet was instituted ; the second case was given insulin,
but not apparently in 1922 when the diabetes was first diagnosed
and when the development of hypermetropia took place.
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ANNOTATIONS

The Visual Requirements of Motor Drivers

In view of the fact that new legislation on the issue of motor
drivers’ licences is not unlikely in the immediate future it may
be advisable to remind our readers that the Council of British
Ophthalmologists issued a report in 1920 on the subject of visual
requirements in motor drivers. This report, in which the whole
ground is covered, was published in this journal (Vol. IV, 1920),
and may still be obtained from the Council’s secretary.  The
American Medical Association has recently published a report
with recommendations read before its Ophthalmological Section
(Jl. of Amer. Med. Assoc., Dec. 27, 1924) which does not confine
itself to visual tests but deals with all physical defects in a manner
that would certainly reduce the number of drivers and add to the
incomes of the certifying physicians at the expense of those who
were granted licences. Their recommendations are as follow :

“l. Every individual driving a motor vehicle, private, public
or -commercial, of the self-propelled type (automotive) shall be
required to present to the motor licensing board in each state a
certificate from a reputable physician (the standard of such medical
fitness shall be licensure to practice medicine or surgery) in which
the following points are certified :

(a) The applicant has no disqualifying defects of either legs
or arms (anatomic or functional loss of hand, arm, foot or leg).

(b) The applicant has vision of at least 20/560 in one eye and
vision of at least 20/100 in the other eye with or without glasses.

(¢) Double vision shall disqualify.

(d) All candidates must be able to hear a low spoken voice
at b feet. :

(¢) The mentality of the applicant must be adequate and the
heart’s action reasonably healthy.



