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This thesis reports the results of an investigation
into some aspects of diabetic eye disease.

The first three chapters give an account of the present
state of knowledge”of diébetes mellitus and diabetic
retinopathy.

In chapter 4 the multifactorial aetiology of diabetic
retinopathy is discussed. In relation to this a study of the
possible role of blood and plasma viscosity in the pathoge-
nesis of diabetic retinopathy is reported. It was found
that in diabetes blood and plasma viscosities are increased.
Diabetics with proliferative retinopathy were found to have
higher blood viscosity, at both high and low shear rates,
than diabetics with background or no retinopathy.

Diabetics with serious forms of retinopathy had higher
fibrinogen levels than controls.

Chapter 5 reports results of a study carried out in
general practice to determine the prevalence of diagnosed
diabetes in the West of Scotland. 7139 files of patients
attending one group practice were searched for evidence of
diabetes. 76 diabetics were found to attend this practice.
This gave a figure for the prevalence of known diabetics of
1.06 per cent.

In Chapter 6 results of an investigation into the most
practical means for the screening and detection of diabetic
retinopathy are reported. This work was carried ocut in
collaboration with ophthalmologists, opticians, physicians,
and technicians from the Tennent Institute of Ophthalmology

and Glasgow Royal Infirmary. Ophthalmoscopy was found to

24



be a reliable tool for the purpose of screening for diabetic
retinopathy. Ophthalmologists and trained and interested
physicians were equally efficient in this respect. Other
investigations such as fluorescein angiography, tests of
colour vision, contrast sensitivity to grating patterns,

and measurement of visual fields were time consuming,

costly and needed highly specialised instruments which

might not necessarily be available in centres concerned

with early detection of seriocus diabetic retinopathy.

Diabetic subjects had lower contrast sensitivity
to grating patterns, compared to normal subjects, as
measured by the Arden grating test. Contrast sensitivity
was 1inversly proportional to the degree and severity
of retinopathy. The severity of diabetic retinopathy
also affected colour discrimination. The most seriously
affected were those with exudative retinopathy. The
study also confirmed that measurements of visual acuity
are not a good indication of the severity of retinopathy.

On the basis of results of the above study funduscopic
examination of 400 consecutive diabetics attending a large
hospital diabetic clinic, Glasgow Royal Infirmary, was per-
formed (Chapter 7). This work was carried out to determine
the prevalence of diabetic retinopathy in this population of
diabetic individuals. 32 per cent of these patients were
found to have diabetic retinopathy and of these one third
had "serious”" retinopathy. Serious diabetic retinopathy
was defined as a sight-threatening retinopathy which
included cases with ischaemic, proliferative, and
maculopathy (exudation and/or macular oedema); this is

more clearly defined in chapter 3. Patients who had

different severity of diabetic retinopathy in the two eyes

]
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were classed according to the more severe retinopathy.

Males developed diabetes 7 years earlier than females
and median age of males with diabetic retinopathy was 7 years
younger than femalés with retinopathy. The prevalence of
diabetic retinopathy increased steadily with the duration
of diabetes in both sexes.

Blood pressure and smoking were found to have no rela-
tion to the prevalence of diabetic retinopathy in this popu-
lation and hypertension had a similar prevalence among
diabetics as in the rest of the population in the West of
Scotland.

A similar study was carried out on diabetics attending
general practice {chapter 8). Identified diabetics were
asked to attend for a full physical, including an eye exami-
nation. 35 per cent of patients were found to have
ophthalmoscopically recognisable diabetic retinopathy. One
third of patients with retinopathy had "serious" forms of
the disease. This suggested that about 10 per cent of the
diabetic population in the West of Scotland might be
expected to show these changes.

Patients with a family history of diabetes were found to
have developed diabetes about one decade earlier than those
who did not have a positive history of diabetes in their
families.

In this part of the study glycosylated haemoglobin and
random blood sugar were measured. No relation was found
between the type of diabetic retinopathy and the level of
glycosylated haemoglobin. A positive association was
found between the level of random blood sugar and the

presence and severity of diabetic retinopathy.



It is possible that short term fluctuations of blood sugar
are more important in the pathogenesis of diabetic
retinopathy than the level of hyperglycaemia over the last
few weeks of the diabetic illness.

A study of the causes of blind registration with a spe-
cial reference to diabetes -~ induced blindness was carried
out in the "Society for the Blind in Glasgow and the West
of Scotland". 2118 B.P.1 Forms were studied. Forms
available from the years 1960 and 1980 were analysed.

The commonest causes of blindness were senile macular
degeneration, glaucoma, cataract, diabetic retinopathy,

and myopia. Diabetic retinopathy was found to be the first
cause of blindness in the working age 20-64. The onset of
blindness was earlier in diabetic males than females.
Diabetics were found to be registered as visually han-
dicapped at an earlier age than the non-diabetic blind indi-
viduals (Chapter 9).

In Chapter 10 an account is given of the indications,
technigues, and advantages of photocoagulation in the treat-
ment of diabetic retinopathy. Visual results of major stu-
dies carried out in this respect are summarised.

A study of the short-term effects of laser therapy and
exposure to high intensity 1light from ophthalmic instruments
was carried out on patients attending the Tennent Institute
(Chapter 11),. Normal volunteers and diabetic patients were
exposed to the tungsten light of a slit-lamp microscope.
Also diabetics who received laser treatment for prolifera-
tive diabetic retinopathy were studied. Visual acuity on
Snellen's Chart, colour vision as determined by the
Farnsworth-Munsell 100-Hue test, and contrast sensitivity

measured by Arden grating test were all determined before,
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20 minutes, and 24 hours after exposure. These visual
functions were not found to be significantly affected

by laser therapy or exposure to ophthalmic instruments
during photocoagufétion.or a slit-lamp examination although
the majority of normal and diabetic patients showed a
temporary drop in visual acuity 20 minutes after light
exposure, in all cases returning to within 1 line of
Snellen's Chart.

In the final chapter (12) various conclusions from
the preceeding chapters are discussed and some
recommendations are made with regard to the desirability
and design of screening programmes for the early

detection of diabetic retinopathy.



DIABETIC EYE DISEASE

IN THE WEST OF SCOTLAND
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CHAPTER 1

INTRODUCTION
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Diabetic eye disease is one of the four commonest
causes of blindness in England and Wales (Sorsby 1966). It
is now the first cause of blindness in the age group 20-64
(Sorsby 1972; Ghafour, Allan, and Foulds 1983).

It is known that in the Western World the prevalence
of diabetes mellitus is-between 0.5 and 2 per cent of the
population {(West 1978) . The exact prevalence of diabetes in
Scotland is not known nor is the prevalence of diabetic
retinopathy or the incidence of blindness from this cause.

Although the various clinical features of diabetic
retinopathy were recognised after the introduction of the
ophthalmoscope by Helmholtz in 1850 (Henkind 1980) there is
still no consensus on the underlying pathogenesis of the
disorder. Considerable advances have occured in our
understanding of the disease process as a result of the
'introduction of fundus fluorescein angiography (Novotny and
Alvis 1961), vitreous fluorophotometry (Cunha-Vaz, de Abreu,
Campos, and Figo 1975), and by the application of modern
techniques of tissue preparation (Ashton 1963), light and
electron microscopy to diseased retinal tissue.

It appears likely that diabetic retinopathy is multi-
factorial in origin and such factors as age of onset, length
of diabetic history, control of diabetes, insulin depen-
dence, environmental, and possibly haematological parameters
may all play a role in its genesis (Garner 1981).

Until the introduction of retinal photocoagulation
(Meyer-Schwickerath 1959) little could be done to influence
the progress of proliferative diabetic retinopathy. In

several multicentre controlled trials it has been claimed



that both exudative and proliferative forms of retinopathy
may be favourably influenced by retinal photocoagulation
(Diabetic Retinopathy Study 1976; Multicentre Controlled
Study 1977).

These trials have been concerned with efficacy of
laser or other types of -photocoagulation in diabetic
retinopathy; little attention has been paid to the possible
adverse effects of these forms of therapy.

This thesis sets out to determine as accurately as
possible the prevalence of diagnosed diabetes in the general
population of the West of Scotland and the prevalence of
diabetic eye disease in this population and in a population
attending a large hospital diabetic clinic. This included
the relation of some parameters, such as the influence of
coexisting hypertension and smoking, to the freguency of
different types of diabetic retinopathy. The relation of
blood viscosity and some other rheological factors to diabe-
tic retinopathy was studied in a group of patients who were
matched for age, sex, duration of diabetes, and smoking
habits.

From blind registration statistics an attempt is made
to assess the incidence of blindness from diabetic eye
disease in relation to other causes of blindness in the West
of Scotland. From these studies the size of the diabetic
population and numbers of patients with different types of
retinopathy are calculated and the relative risk of
diabetes-induced blindness is estimated.

A study was also carried out, in collaboration with

some colleagues, of the different tools used for the
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identification of diabetic retinopathy and an assessment is
made as to the most practical of these investigations for
the screening of diabetic retinopathy.

An account iI5 given of photocoagulation treatment
which is now the most widely used therapy for diabetic
retinopathy. -

Finally a study of the possible adverse effects of
laser therapy on some visual functions, such as visual

acuity, contrast sensitivity, and colour vision is reported.
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CHAPTER 2

DIABETES
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2.1. Definition

Diabetes is a disease which affects both humans and some
animals. In man it is the third most common metabolic disease
after obesity and thyroid disorder and may be diagnosed for
the first time at any age {(Meier 1960).

The disorder in diabetes consists of a metabolic and
vascular component, which are probably interrelated. The
metabolic syndrome is characterised by an inappropriate ele-
vation of blood glucose level, associated with alterations
in lipid and protein metabolism for which a relative or
absolute lack of insulin is responsible. The vascular
syndrome consists of accelerated non-specific atherosclero-
sis (premature ageing), and a more specific microangiopathy

affecting the eye and kidney.

2.2. Historz

Diabetes has been recognised for more than two thousand
years. It was mentioned in Chinese medical writings as a
syndrome of polyuria, polyphagia and polydipsia. Its name
which comes from a Greek root meaning "To run through" was
given to it by Aretaeus (A.D.70). The diabetic urine was
described by Thomas Willis "As if imbued with honey", and
was proved to contain sugar by Dobson (1776). Claud
Bernard in 1859 recognised hyperglycaemia as the cardinal
sign of the disease and Langerhans in 1869 described the

islets of the pancreas which now bear his name.



Figure 1. Drawing of a fundus by Hirschberg (1877)



Important contributions to the management of diabetes
were made by Banting and Best when they managed to prepare
an extract from dog pancreas capable of reducing an elevated
blood glucose level (Barnting and Best 1921), by Hagedorn who
introduced the first long-acting insulin in 1936, and Nicol
and Smith who described -.the chemical structure of human
insulin in 1960. It is ipteresting to note that car-
butamide was accidentally discovered by Franke and Fuchs in
Germany in 1955 and that this initiated the use of

Sulphonylureas as oral hypoglycaemic agents.

2.3, Diagnosis

The degree of hyperglycaemia is probably relevant to the
development of microangiopathy, as shown mainly in the eye
and kidney. A two-hour postprandial capillary whole-blood
concentration of glucose greater than 11 mmol/L has been
identified as the point above which the relative risk of
retinopathy rises and a two-hour postprandial capillary
whole blood glucose concentration of 7.5 mmol/L (135 mg/100
ml) is the value above which a diagnosis of diabetes becomes
more likely (Bennett, Rushford, Miller, and Le Compte 1976;
Jarrett and Keen 1976; Jarrett, Keen, Fuller, and McCartney
1979).

The following procedures are recommended as diagnostic
tests for diabetes.

A. Testing a morning urine specimen for sugar.

B. Measuring blood glucose level.

1. Fasting blood sugar. A fasting venous plasma
concentration of 8 mmol/L (144 mg/100 ml) or greater is
regarded as diagnostic of diabetes. 1f the concentration

is below 6 mmol/L (108 mg/100 ml) the diagnosis is excluded
(W.H.O. 1980).
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2. There is a general agreement that a l-hour
postprandial blood glucose level of 11 mmol/L (198 mg/100
ml) or higher indicates diabetes.

c. Oral glucose tolerance test. A patient whose
fasting blood sugar is between 6 and 8 mmol/L is given 50 or
100 g (the W.H.O. 1980 -recommends 75 g) of glucose orally.
Venous blood samples are withdrawn at 1/2, 1, 1.1/2, and 2
hour intervals. If the two hour venous plasma con-
centration is greater than 11 mmol/L the test is diagnostic
of diabetes.

Patients who have a fasting blood sugar between 6 and 8
mmol/L and a 2~-hour glucose concentration between 8 and 11
mmol/L after a 75 g oral glucose load are categorised as
having impaired glucose tolerance and need to show another
abnormal value after a 75 g glucose load (for example a one-~
hour concentration of 11 mmol/L or greater) before a diagno-
sis of diabetes is made.

D. Estimation of glycosylated haemoglobin: In diabetes,
abnormal concentrations of various glycosylated haemoglobins

can be identified. Haemoglobin Ajc s a glycosylated

haemoglebin whose concentration in diabetic patients

reflects the mean blood glucose level for up to 120 days
previously (Day 198l) - a value easily ascertained using
the standard indices of carbohydrate metabolism. Unlike

blood and urine sugar measurements, HbAj. determinations

are highly reproducible and require little patient compliance
since only one blood sample is needed to ascertain mean
glucose level for the preceeding weeks or months. Data
may be used to ascertain the degree of glycaemic control and,

thus, the effectiveness of a particular thapeutic regimen.

Tt has been sugyested that better management of the disease
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is possible and the prevention or amelioration of chronic
diabetic complications is anticipated (Schanzlin, Jay,
Fritzand, and others 1979), and that HbA;. determination
is a convenient tdol with which to screen patients for
diabetes (Bunn, Gabbay, and Gallop 1978; Gonen and

Rubinstein 1978; Cole 1979; Wardle 1982).

2.4. Classification

Diabetes can be classified as follows:

(a) Genetic type: Diabetes in this category is
usually subdivided into type I insulin-dependent diabetes
which is commonly diagnosed before the age of 30, and
type II which can be managed by restriction of diet, oral
hypoglycaemic agents or insulin depending on the
achievment of an acceptable level of blood sugar and the
presence of complications and is not insulin-dependent.

(b) Pancreatic diabetes in which the carbohydrate
intolerance may be attributed directly to destruction of the
pancreatic islets by chronic inflammation, carcinoma,
haemochromatosis or surgical removal.

(c) Endocrine diabetes which is associated with
endocrinopathies such as hyperpituitarism (acromegaly,
basophilism), hyperthyroidism, hyperadrenalism (Cushing's
syndrome, pheochromocytoma), and pancreatic islet-cell
tumour of A-cell type. Under this category may also be
included gestational diabetes and the various forms of
stress diabetes listed above.

{d) Iatrogenic diabetes - precipitated by administra-
tion of corticosteroids, certain diuretics of the ben-
zothiadiazine type and possibly also by oestrogen-progesterone

combinations.
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Type I, Insulin-dependent diabetes (IDD)

This type is characterised by a rapid onset, with symp-
toms such as polydipsia, polyuria, polyphagia, loss of
weight and strength, and in children, frequently, recurrence
of bed wetting. It is apt to be of the unstable or brittle
type, being quite sensitive to the administration of exoge-
nous insulin and easily influenced by physical activity.

The patient is liable to ketoacidosis.

For adequate treatment diet and insulin therapy are man-
datory.

Diagnosis is usually not difficult and death can occur
due to cardiovascular and renal complications althougth
the mortality rate has been favourably influenced by the
introduction of insulin therapy.

Type II, Non insulin-dependent diabetes (NIDD)

This type has a less stormy beginning, frequently symp-
toms are minimal or absent. The chief complaint may be
moderate loss of weight or occasionally, weight gain.

There may be some nocturia. Vulvar pruritus in the female

or vascular complicatiocns may lead the patient to seek medi-
cal advice. It may occasionally be diagnosed as a con-
sequence of blurred vision resulting from diabetic

retinopathy or an early onset of senile cataract (Cotlier 1981).
Anaemia and fatigue may be associated with fairly advanced
diabetic nephropathy; and the disease is sometimes

diagnosed as a result of diabetic neuropathy which may pre-
sent as paresthesia, loss of sensation, impotence, nocturnal
diarrhoea, postural hypotension or neurogenic bladder.

The patient with maturity-onset diabetes usually does

not present the dramatic, acute metabolic syndrome observed

in the juvenile-onset patient but rather a chronic vascular
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syndrome. It is therefore important to suspect diabetes as

an underlying disease in a wide variety of circumstances.

2.5. Treatment

Correction of the underlying metabolic abnormalities to
reduce symptoms, maintaining an ideal body weight, preven-
tion of complications aéd the nonspecific accelerated
atherosclerosis to which a diabetic patient is liable should
be the aims of diabetic management. To achieve
these, dietary restriction, oral hypoglycaemic agents and/or
insulins are used for the treatment of diabetes.

Diet: The chief aims of a diabetic diet are:

1. To prevent excessive postprandial hyperglycaemia.

2., To prevent hyperglycaemia if the patient is on exoge-

nous insulin.

3. To obtain an ideal body weight.

4, To normalise serum cholesterol and triglycerides.

5. To prevent or delay premature atherosclerosis.

It has recently been reported (Simpson, Mann,
Chakrabarti, and others 1982) that a high fibre diet has an
effect on lowering some clotting values and they reduce the
cardiovascular morbidity and mortality.

According to ideal body weight, physical activity and
occupation of the patient the basic caloric requirement is
determined. Detailed consideration of diet will not bhe
discussed as it is beyond the scope of this work.

Oral hypoglycaemic agents

These are used in the treatment of NIDD if it is of
the nonketotic type and when dietary treatment alone is

unsuccessful in achieving adequate control.
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Insulin

Insulin is a polypeptide, and if taken by mouth is
digested to its constituent amino acids. A patient is
usually admitted tO hospital for education and adjustment of
the dose when insulin is needed for the treatment of diabe-

tes (Peacock, Tattersall, Taylor, Douglas, and Reeves 1983).

2.6, Complications of diabetes, Fig. 2.

Listed below are the complications to which a diabetic is
susceptible. Scome of these can actually be the presenting

symptoms of the disease.

A, Acute
1. Diabetic ketoacidosis and coma due to lack of

insulin. It may be seen in a person with a})
undiagnosed diabetes, b) known diabetes, but who
fails to increase his insulin dosage despite poor
urine or blood tests, c¢) known diabetes who suffers
from nausea and vomiting and fails to take his daily
insulin because he does not eat.

2. Hyperglycaemic nonketotic coma.

3. Complications of insulin therapy.
Repeated use of the same site for insulin injections
may lead to a gross thickening of subcutaneous tissue
chiefly fat, so called lipohypertrophy. The
subcutaneous fat, on the other hand, may rapidly
disappear at the site of injections giving rise to
the condition called lipocatrophy. This may be due
to the intradermal injection of insulin.
Hypoglycaemia may result from an insulin overdose

caused, in turn, by mismeasurement using insulin

of the wrong strength or too rapid action of insulin,
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from increased physical activity or from failing to
take an expected meal, usually the mid-day snack.
B. Chronic

1. Diabetic retinopathy. This is the topic of this
Thesis and will be discussed in detail in the
following chapters.

2. Diabetic nephropathy. Intercapillary glomerulo-
sclerosis (Kimmelstiel -~ Wilson disease),
characterised by proteinuria and hypertension is
the result of a distinctive nodular glomerular
lesion of the kidneys with a typical basement
membrane (Root, Pote, and Frehner 1954).

3. Diabetic neuropathy. Althoughxmost frequently
involves peripheral nerves, it may involve any
portion of the nervous system. If an intracranial
aneurysm can be ruled out by an angiogram then
diabetic neuropathy is most probably the
underlying cause for an ocular palsy in a known
diabetic patient.

It is difficult to assess the degree of neuropathy and
figures vary widely&considerably in different clinical sur-
veys (Bruyn and Garland 1970).

Diabetic neuropathy may be primarily vascular which is
potentially reversible or primarily metabolic which is less
amenable to treatment (Thomas and Ward 1975).

Clinically diabetic neuropathy may present with
peripheral and/or autonomic manifestations.

Peripheral

Sensory : Loss of vibration sense, paresthesia, pain,

loss of pain sensation.
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Neuromuscular : Weakness, paralysis, diabetic
amyotrophy, extraocular palsies,
Autonomic
Eye : Pupillafy chaﬁges
Gastrointestinal : Delayed gastric emptying, gall
bladder dysfunction, nocturnal diarrhoea.
Genitourinary : Sexual impotence, atonic urinary
bladder, retrograde ejaculation.
Vascular : Orthostatic hypotension.
Bones and Joints : Neuropathic joint (Charcot).
Skin : Neurogenic ulcer, absent sweating, dependant

oedema .

2.7. Death from diabetes

It is generally accepted that diabetics tend to die
at an earlier age than a comparable group of nondiabetic
individuals in the general population (Sharma, Archer,
Hadden, and others 1980).

Myocardial infarction and other vascular diseases,
renal complications, ketoacidosis, and hyperglycaemia
are the major causes of death in a diabetic
population of any age group. Recently the Medical
Services Study Group and British Diabetic Association
conducted a study on the more important causes of death
among diabetics under the age of 50 in the United Kingdom,
and found that myocardial infarction and large vessel
disease were the cause of death in 41 per cent, renal
disease in 19 per cent, diabetic ketoacidosis and coma
in 15 per cent, and hypoglycaemia in 4 per cent.
Associated factors included smoking, hypertension,

obesity, and peripheral vascular disease. Those who
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die before the age of 50 do not smoke more heavily than a
comparable group in the general population (Tunbridge 1981).
Depending on the prevalence of diabetes in different
communities of thé‘world (West 1978) diabetes contributes

variably to mortality compared to other causes of death.
Listed in Appendix 1 are the death rates from diabetes and
its complications in some countries (World Health Annual
Statistics 1976) from which it can probably be noted that
rice eating communities, in contrast to industrialised

countries, have lower rates of death from diabetes.
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CHAPTER 3

DIABETIC RETINOPATHY




3.1. CLINICAL FEATURES

Some or all of the following abnormalities are found in

the fundus on clinical examination.

3.1.a. Venous changes

Dilatation of the retinal veins is said to be an early
feature but early venoué dilatation is sometimes difficult
to detect ophthalmoscopically. As the dilatation increases
however, especially if it is associated with increasing tor-
tousity, it will lead to fusiform dilatations which someti-
mes occur in close proximity along the vein giving it the
appearance of a "string of sausages" (Ballantyne and

Lowenstein 1943), Figure 3. The blood in the veins is

darker in colour than normal.

Severe changes are sometimes seen in the veins when
intraretinal neovascularisation is not detectable. Loops
may form, and eventually become so engorged and twisted

around the base that they strangulate and slough.

Finally when contraction of fibrous tissue occurs, (this
accompanies or follows new vessel formation) Figure 4, the
veins are displaced from their original course and loops,

coils, and varicose changes become more frequent.

These venous changes indicate a serious development in
the course of diabetic retinopathy because they are usually
associated with areas of capillary nonperfusion and may

preceed new vessel formation.
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Figure 3. Fundus photograph showing the "string of

sausages" appearance of veins.



Figure 4. Fundus photograph . Advanced proliferative

diabetic retinopathy ;formation of fibrous tissue and

traction on the macula.



Figure 5. Fundus photograph. Simple diabetic background
retinopathy ;only a few microaneurysms are seen
This was the fundus appearance of a woman with

a 34 years history of diabetes.



3.1.b. Microaneusysms

Microaneurysms can develop in diabetic animals (Barnett
1981). In 1962 Patz and Maumenee demonstrated
microaneurysms in ‘4 spontaneously diabetic dog. Hausler,
Sibay, and Campbell (1964) demonstrated their presence in a
dog rendered diabetic by the administration of growth hor-
mone, and retinal changes similar to those occuring in man
have been obtained in a dog rendered diabetic by alloxan or
metasomatotropin by Engerman and Bloodworth (1965), and by

Bloodworth and Molitor (1965).

The presence of microaneurysms (Nettleship 1882) in a
diabetic eye, in the absence of other vascular changes, is
highly suspicious of diabetes. They are the first une-
quivocal sign, althougn not pathognomonic of the retinopathy

of diabetes.

They range in size from a few to 100 microns with an
average of 50 microns (Fig. 5). Those 20-30 microns in
diameter can be seen with the ophthalmoscope especially if
the pupil is well dilated. The smaller ones are not seen.
However, fluorescein angiography shows them all and may
disclose a tenfold increase in their number (Scott, Dollery,
Hill, Hodge, and Fraser 1963). Microaneurysms may be seen
on fluorescein angiography even if the fundus is clinically

normal (Tani 1976).

Microaneurysms do not affect vision in the absence of
other changes although in one fundus there may be a few
hundred of them. They may disappear following strict

diabetic control (Dollery and Ozakley 1265) or may remain




unchanged
disappear
indicated
they form

filled in

for years. With time they fade and some may
altogether. Sometimes their previous existence is
by whitish spots in the fundus. This is because
as a blow out of the capillary wall which is later

by endothelial cell proliferation and later with

basement membrane material.

Microaneurysms are round in shape, clearly outlined

some times

by a single layer of endothelial cells and someti-

mes by a thin but double contoured wall. They may assume a

saccular form arising from the side of a capillary or an

ampul liforum shape (Ashton 1949); in their early stage

their walls may be thin so that erythrocytes may pass

through them (Bloodworth 1962), but as they develop they

tend to acquire thickened laminated coats formed by the

deposition of PAS-positive material. At a later stage they

thrombose and their lumina are occluded by laminated hyaline

material.

Two mechanisms for the formation of microaneurysms have

been suggested. The first is a localised outpouching

of capillary wall. It could be due to focal weakness

of the wall due to pericyte degeneration (Cogan 1961),

capillary obliteration to leave a residual stump and/or

abortive attempts at neovascularisation of areas of

capillary closure (Yanoff 1969). An alternative

suggestion for the formation of capillary microaneurysms

is by fusion of the opposed sides of a capillary loop

(Ashton 1958). Although Ashton (1974) has withdrawn

this suggestion, he originally thought that this type

1s preceeded by varicosity and kinking of the capillary.
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Figure 6. Formation of microaneurysms. From Ashton 1963.



Figure 7. Histological section of the layers of a normal

primate retina( Courtesy of N. McKechnie).
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The start may be a limited hyperplasia causing both circum-
ferential dilation and longitudinal growth which would
result in tortousity and kinking fusion of the opposed walls
of the resulting Ioop. =~ This leads to the development of an
aneurysm which appears to be an outpouching of the wall of
the affected capillary {(Fig. 6).

Microaneurysms always‘occur in areas where at least one
or two capillaries are nonperfused. They are particularly
numerous at the edge of microinfarcts in the nerve fibre
layer (cotton wool spots}.

3.1.c. Retinal Haemorrhages

Haemorrhages 1n diabetic retinopathy occur in the mid-
retina from the deep capillary plexus or in the nerve fibre
layer from the superficial capillary plexus (Fig. 7). The
former are typically round. They may be of the "dot and
blot" type or "sponge mark" which looks like a blood soaked
sponge imprint. They are usually located at the posterior
pole of the retina but have recently (Roy and McCulloch 1982)
been described in the periphery of the retina next to the
ora serrata. More superficial haemorrhages are less common
and are flame-shaped. These, however, may so dominate
the picture that some ophthalmologists have applied the term
"haemorrhagic retinopathy" to describe the diabetic fundus
in which they feature.

It is unusual for haemorrhages in the diabetic fundus
to have the striate or linear form which is characteristic
of haemorrhages in the nerve fibre layer, and this
appearance should suggested another aetiology such as

systemic hypertension.
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The individual haemorrhage takes 6-8 weeks to disappear
and may be replaced by others. The spontaneous resolution
of retinal haemorrhage makes the interpretation of thera-
peutic measures difficult.

Haemorrhages may break through the confines of Muller
cells and become large and confluent. The may also break
through the internal limiting membrane into the subhyaloid
space. |

3.1.d. Hard exudates

These have well defined edges and are composed of lipid
material. They are seen in three forms.

A cluster of small exudates, may be seen in more than
one area and may or may not be associated with haemorrhages.
Fluorescein angiography always shows the presence of
microaneurysms in the same area. Hard exudates, in
contrast to microaneurysms do not fluoresce.

Hard exudates may also be seen as a ring or circinate
arrangement called circinate retinopathy (Fig. 8).

Exudates may form a ring enclosing an area of visible vascu-
lar disturbance such as a collection of varicose

capillaries, microaneurysms, or haemorrhages (Houston and
Wise 1957). On other occasions hard exudates may form
larger lesions with a wreath-like structure which may be
more than two disc diameter across. These are usually
single and enclose the macula. Ring-shaped exudates are
more stable and may remain unchanged for more than two years.

A third type of hard exudate is the solitary plaque. It
is usually found at the posterior pole and may lie quite close
to the macula which is usually oedematous (macular oedema).
They may take some years to absorb and should they do so,

fine shining cholesterol crystals are left behind.




Figure 8. Fundus photograph. Exudative diabetic
retinopathy. Formation of a ring of hard
exudates. This is a dangerous sign; it

may cause severe loss of visual acuity.



Figure 9. Fundus photograph. Ischaemic diabetic
retinopathy with normal blood pressure. Note absence
of blood vessel changes characteristic of

hyper tension.



These plagques are serious sight threatening lesions.
Even if they are absorbed they leave a scotoma in
the visual field (King, Dobree, Kok and others 1963).

The exudates of diabetic retinopathy are situated for
the most part in the outer reticular layer (Ballantyne and
Michaelson 1962), in the first place filling individual
cystic spaces and forming compact masses which are known
clinically as "waxy" patches. Duke-Elder (1967) states
that diabetic exudates differ from hypertensive exudates
which are predominantly fibrinous and when confluent
are granular in appearance and of silvery grey colour.

Waxy diabetic exudates are smooth and of homogenous texture.
From my own limited experience in histopathology the
suggested differences are not at all obvious.

Flat preparations show that hard exudates have finger-
like processes winding through the outer plexiform layer but
as they enlarge all the retinal layers are eventually
invaded and deposits are also found as a localised sheathing
along the adventitia of larger vessels. The fatty material
is partly intracellular and partly extracellular. The
intracellular fat is contained in large rounded cells with
small nuclei, phagocytic in function and microglial in ori-
gin. These cells are stuffed with fat and occur in
clusters. Some workers believed that hard exudates were
deposits from the blood stream but the fact that these waxy
plagues are always found in areas of neuronal degeneration
suggests that they are breakdown products of degenerate ner-
vous tissue which is gradually removed by the phagocytic
action of the microglial cells (Bloodworth 1962). However
part of their content may emanate from abnormally thin-

walled microaneurysms.
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3.1.e. Cotton wool spots

Cotton wool spots previously known as soft exudates are
greyish yellow in colour with an indistinct margin different
from the sharply demarcated edges of hard exudates (Fig. 9).

They are commonly related to areas of acute focal
ischaemia and are not specific to hypertensive retinopathy
as their presence has been demonstrated in normotensive
diabetics (Kohner, Dollery, and Bulpitt 1969). Patholo-
gically they consist of areas of swollen degenerate axons
in the nerve fibre layer of the retina. This swelling of
the individual axons of the nerve fibre layer of the retina
is dueto intracellular oedema and also to failure of
axoplasmic transport which is dependent on local energy pro-
vision (McLeod, Marshall, Kohner, and Bird 1977). The
failure of axoplasmic transport results in an acummulation of
axoplasmin in the affected area and is largely responsible
for the gross swelling of affected axons. Histologically
these swollen axons loock like cells and have been called
cytoid bodies.

3.1.f. Macular oedema

Diabetic macular ocedema is the most serious of the mani-
festations of nonproliferative retinopathy (Rubinstein and
Myska 1972; B.J.0O., Editorial 1974; Rubenstein and Myska
1974)., If it involves the macular area diffusely, oedema
is likely to have a general origin and results from abnormal
capillary permeability (Kearns, Hamilton, and Kohner 1979).
The oedema may also come from the subjacent choroidal
circulation due to a breakdown in the blood-retinal barrier
presented by the pigment epithelium (Tso, Cunha-vaz, Shih,

and Jones 1980).




Localised macular oedema probably results from leakage
of plasma from microaneurysms and shunt vessels and may
be accompanied by hard exudates (lipid), cystoid maculopathy
or both.

The oedema fluid accumulates in the outer plexiform layer
and finally spreads to adjacent retina. The accumulation of
extracellular fluid in the outer plexiform layer and the
peculiar arrangement at tﬁe macula of the fibres in this layer
may give the appearance of cystoid maculopathy (Schatz and Patz

1976; Ticho and Patz 1973).

3.1.g. Proliferative vessels (Figure 10).

In the normally developing retina the vascular network
is formed by a process of budding from embryonic mesoderm.
In the foetus the new vessels normally develop from an
advancing matrix of vasoformative mesenchyme which forms
solid cords of endothelial cells that bud out from the
parent vessels., The same basic origin is found in
neovascularisation in the retina. Vasoproliferation is
almost never seen in diseases where total anoxia occurs, for
example, in central retinal artery occlusion.

In diabetic retinopathy, neovascularisation is almost
always found posterior to the equator, characteristically on
the optic disc and along the course of the major retinal
vessels, usually within three disc diameters of the disc.
These blood vessels do not share the permeability charac-
teristics of normal retinal vessels (Henkind 1981; Garner
1981). Thus, they leak fluorescein, sometimes so profusely
as to rapidly obscure retinal details during angiography.
They usually remain flat and do not bleed but contraction of

the vitreous and detachment of the posterior hyaloid produces
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elevation of the newly formed fibrovascular tissue (Wallow,
Greaser, and Stevens 198l1; Foos, Kreiger, Forsyth, and
Zakka 1980).

New vessels appear on the venous side of the cir-
culation. They are usually seen at the edge of areas of
capillary nonperfusion and they grow on the surfaces of the
retina and of the vitreous which provide a scaffolding on
which the vessels can spréad.

In addition to their abnormal permeability, which is
associated with fenestrations in the basement membrane and
absence of the tight endothelial cell junctions which
characterise mature retinal vessels (Cohen, McMeel, and
Franks 1979), new vessels are prone to bleed.

Initially new formed blood vessels are unaccompanied by
a fibrous tissue support but before long fibroblastic acti-
vity lays down a collagenous framework around vessels
attaching them to the tissue at the posterior pole of the
eye and to the posterior hyaloid which is usually detached
(Beetham 1963; Dobree 1964), Fig. 11. The evolution of
vasoproliferation is always associated with changes in the
vitreous which consist of contraction of the vitreous body
and detachment of the posterior hyaloid surface and
thickening of the posterior hyaloid membrane. Progressive
traction on the fibrovascular tissue may eventually lead to
a localised area of retinal detachment. Vitreous traction
on the neovascular membrane or upper retinal vessels fre-
quently causes avulsion of the wvessels and vitreous

haemorrhage.




3.2, CLASSIFICATION

Different types of diabetic retinoathy may have a
different prognosis (Kohner 1978). It is therefore
important to clasgify tHese retinal pictures. Each form
of retinopathy may vary greatly in severity and it is
also important in the assessment and follow-up of diabetic
retinopathy to grade the severity of the changes present.

Because the signs may vary greatly from one area of the
fundus to another and vary greatly in their relative
proportion, it is difficult to devise a wholly satisfactory
classification.

There are difficulties in devising a classification
of diabetic retinopathy which takes full account of the
lack of uniformity and of the variability in the various
signs which may be present in the eye. A fundus which might
be described as showing no retinopathy on the most detailed
ophthalmoscopic examination could demonstrate many anatomical
and functional changes if further sophisticated methods of
examination are used e.g. fluorescein angiocgraphy, contrast
sensitivity testing, and colour vision assessment (Tani
1976; Ghafour, Foulds, Allan and McClure 1982; Yamazaki,
Adechi-Usami, and Chiba 1982; Lakowski, Aspinall, and
Kinnear 1972; Roth 1969).

Many different systems of classification based on
different methods of examination have been proposed.

Hirschberg (1891) attempted the first classification
when he described three clinical signs namely inflammatory,
haemorrhagic, and pigmentary changes. Proliferative
changes were not described although clearly illustrated

(Fig. 1). In the first group, inflammation of the central

part of the retina with small clear spots and punctate




haemorrhages were included; "retinitis puncta diabetica”.
The second group was described with retinal haemorrhages
and consequent inflammation and degeneration, "retinitis
haemorrhagica diabetica™. The last group included those
with inflammation and degeneration of the retina and
whose connection with diabetes required, he thought,
further investigation. He stated that "a single small
haemorrhage in the retina permits us to recognise
glycosuria" (Hirschberg 1891).

Ballantyne and Lowenstein (1943) classified diabetic
retinopathy into five stages:
l. Microlesions with microaneurysms with or without
haemorrhages and punctate exudates.
2. Macrolesions: waxy exudates which, sometimes, can be
circinate but never form a macular star.
3. Venous changes: among which variation - in blood vessel
calibre, in the course of the main veins, was the earliest
change. It takes the form of intermittent enlargement
rather than intermittent constriction. These two authors
also described increasing tortousity and the formation of
loops as well as plexuses and leashes of newly formed
vessels. In this category also included were periphlebitis,
phlebosclerosis, and increase in haemorrhages in the retina.
4., Destructive changes: Intraocular haemorrhages, retini-
tis proliferons, detachment of the retina and vitreous, and
secondary glaucoma constituted this stage.
5. Mixed form in which the changes of arteriosclerosis and
hypertension are added to the diabetic ones.

Ballantyne and Lowenstein thought that the above

changes appear in a sequence of events in that manner.




Scott's classification (Scott 1951), which is strictly a
grading system, takes into consideration the different
course diabetic retinopathy might take, as follows:

Stage l.é : Cabillary microaneury sms
l.b : Changes in the larger veins like
phlebo-sclerosis, loops, c¢oils, and

di'stension.

Stage 2.a

Punctate haemorrhages with or without
discrete flecks of exudates.

2.b : Larger round or 'blot' haemorrhages
with confluent exudates.

Stage 3.a

.e

More numerous haemorrhages and
exudates.

w
o

Haemorrhages into the vitreous.

Stage 4 Retinitis proliferans, retinal

detachment and gross degenerative
changes.
In Lee's 'classification' (Lee, McMeel, Schepens, and
Field 1966) four types of changes are described
Angiopathic , exudative, proliferative, and vitreous
haemorrhage. An attempt was made to classify and grade
the severity of diabetic retinopathy by taking account
of the area of fundus affected by each of the recognisable
ophthalmoscopic signs which may be present, for example
vascular changes, exudation, proliferation and haemorrhage.
Each of the signs was graded as not present (0), mild (1),
moderate (2), advanced (3), far advanced (4}, and end
stage (5). This grading was specifically designed for
binocular indirect ophthalmoscopy, with its large field
of observation, and aimed at specifically describing the
components of retinopathy rather than of the fundus as
a whole. Thus a more meaningful description of the

status of the retinopathy could be obtained. It appears

to be an admirable grading scheme for recording the

severity of retinopathy in relation to response to




treatment. It is undoubtedly too complex for use in a
screening programme.

In his "System of Ophthalmology", Duke-Elder (1967)
classifies diabeti¢ retinopathy as follows:

1. Pre-proliferative stage comprising
a. Changes in veins and vessels : Distension of the
larger veins and their main branches.
b, Other visible evidence of diabetic retinopathy may
or may not be present.
¢. Normal retinal functions other than a decrease of
retinal activity.

The arterio=venous ratio changes from 3:4 to 2:4,
fullness of veins is especially seen in young diabetics and
could be reverted when their diabetic state is well
controlled (Larsen 1960).

2. Simple diabetic retinopathy, composed of:

a. Capillary microansurysms.

b. Retinal haemorrhages.

c. Retinal exudates.

d. Late changes in the retinal veins.

e. Hypertensive and arteriosclerotic lesions,
f. Lipaemia retinalis.

g. Xanthosis retinae.

h. Pigmentary changes.

3. Proliferative diabetic retinopathy in which the
newly growing bloodvessels pass into three stages of evolu-
tion (Dobree 1964):

a. Naked vessels.
b. Condensation of connective tissue around thesec
vessels.

c. Cicatrisation and rectraction of fibrous tissue.




Venous changes were considered by some to occur after
background retinopathy is relatively advanced (Ballantyne
and Lowenstein 1943), while others noted that venous changes
may occur early id the course of retinopathy or even as the
first detectable sign of retinopathy (Brown and Jones 1964)
and independently from other background changes (Scott
1951). Burditt, Caird, and Draper (1968) noted that venous
changes tend to regress spontaneously and occasionally
evolve into background retinopathy but never into prolifera-
tive retinopathy.

A less complex classification and one which might be
useful for clinical grading was proposed by Scuderi (1973)
as follows:

I Background retinopathy:
A, Early.
1, Microaneurysms, punctate haemorrhages.
2. Punctate retinitis.

B. Advanced.
1. Haemorrhagic.

2. Exudative.

C. Severe.
1. Retinal and preretinal haemorrhages, venous
changes.
2. Vitreous haemorrhages.
3. Venous thrombosis.

II Proliferative retinopathy:
IIT Mixed retinopathy:
A, Diabetic and atherosclerotic.

B. Diabetic and renal.
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early r;

Figure 10. Composite fundus photographs. Early

proliferative diabetic retinopathy.



advanced

Figure 11. Composite fundus photograph showing

advanced proliferative diabetic retinopathy.

Same patient as in Figure 10, ten months later.



Figure 12. Fundus fluorescein angiography. Areas

of advanced capillary nonperfusion with proliferation

of new vessels (leaking fluorescein) at the edge of

the ischaemic area. Note also leakage of dye (staining)

of blood vessel walls indicated by an arrow.



Figure 13(a). A photograph of iris neovascularisation

(rubeosis iridis).



Figure 13(b). Fluorescein iridogram(late stage)of the
same patient in Figure 13(a) . See leakage

of the dye from the iris new vessels.



Many systems of classification are based on grading of
the changes which are seen either ophthalmoscopically or by
colour photographs.

In the Hammersmith grading system (Oakley, Hill, Joplin,
Kohner, and Fraser 1967) twenty colour photographs serve as
standards to define four degrees of severity (A to D) for
each of the five components of retinopathy. Patient's
colour photographs are obtained in nine pre-~determined pho-
tographic fields around and including the optic disc.
Photographs are then graded for each component of retino-
pathy by comparison with four degrees of severity in the
standard photographs. These components are:

1. Microaneurysms and haemorrhages; their number is
directly counted in the photographic field regardless of
their size.

2. Exudates - Hard exudates only are assessed according
to the area of retina involved rather than their number.
Cotton wool spots (soft exudates) are ignored.

3. New vessels. These are graded according to the
area of field involved. All abnormal vascular channels
are included, except those forming in relation to
previously established fibrous retinitis proliferans.

4. Venous irregularities. Dilatation, segmental
irregularities, and sausaging are assessed according to
the percentage of vein, in a particular field, thought
to be involved and graded 1 -3, Grades 4 and 5 are
reserved for fields in which all the vein is thought

to be abnormal according to the severity of involvement

of the vein.
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5. Retinitis proliferans. Regardless of the amount of
its vascular component, any fibrotic lesion in front of
the retina is graded according to the area involved in
a particular photographic field.

Grading in this system was defined as follows:
Grade 0 .... No lesion -

Grade 1 .... Less than standard "A".

Grade 2 .... Bqual or worse than "A" but better than
standard "B".

Grade 3 .... Equal or worse than "B" but better than
standard "C".

Grade 4 .... Equal or worse than "C" but better than
standard "D".

Grade 5 .... Equal or worse than "D",

In the initial assessment of this grading system
observers were designated the "inside group" if they were
familiar with the system, or the "outside group" and these
were associated with London diabetic clinics other than
Hamme rsmith Hospital. There was a "satisfactory"
consistency between the two groups in the assessment of
microaneurysms, haemorrhages, and exudates. A fair
consistency was observed in the assessment of new vessels;
the outside group of observers made twice as many errors
than the inside group in this respect. The consistency
was however unsatisfactory in the assessment of venous
changes and the outside group experienced particular
difficulties in this respect (Oakley, Joplin, Kohner,
and Fraser 1968).

In my opinion the Hammersmith system is useful provided
the observer is satisfactorily trained. It, however,

requires a lot of technical backup and financial support.
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The Airlie grading system represented a joint effort
from both the United States and the United Kingdom to find a
comprehensive, generally accepted classification and grading
system for diabetic retinopathy (Davis, Norton and Myers
1968). The Airlie system proposes more extensive recording
methods and patient evaluation than any other system (direct
and indirect ophthalmoscopy, slit-lamp biomicroscopy of the
retina, fundus diagrams, and where indicated, detailed written
descriptions). The list of components of retinopathy
for grading is more comprehensive than that of any other
system. Components amenable to photographic assessment are
graded by reference to one standard colour photograph; grade
2, components more severe than standard photograph. Other
components are graded by reference to standard written
descriptions.

This system was further modified (Diabetic Retinopathy
Study Research Group 1981) by the addition of subdivisions
to the original grading; it was uncertain whether all com-
ponents listed in this system could be accurately graded by
different observers (Kohner 1968). This system has however,
enabled the people involved in the assessment of the effects
of photocoagulation therapy on diabetic retinopathy to
perform accurate statistical analyses of their results.
Without this system it would probably not have been possible
to reach the conclusion that photocoagulation is of value
in the therapy of diabetic retinopathy. For some purposes
and in particular the screening of diabetic patients for
the presence or absence of sightthreatening retinopathy
a simpler classification and grading system may be

appropriate.
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For screening purposes the following classification

which is used in the Tennent Institute of Ophthalmology has

been found satisfactory.

l.

No retinopathy. - Patients with good visual acuity in
whom no diabetic retinopathy is found on funduscopy
and who fail to_.show changes on fluorescein angio-
graphy are included under this heading.

Background retinopathy. Characterised by the presence

of one or a combination of microaneurysms, scattered

small hard exudates, and scattered haemorrhages with
retention of good visual acuity.

Exudative retinopathy.

(a) Many small or large hard exudates encroaching
upon the macula and causing deterioration of
visual acuity or threatening to do so.

(b) Diabetic macular ocedema; in the form of
focal of cystoid oedema causing deterioration
of visual acuity.

Ischaemic retinopathy (Fig. 12). Cotton wool spots,

large areas of capillary nonperfusion on fluorescein

anglography, presence of ghost vessels, rubeosis
iridis (Fig. 13), venous loops or beading and
multiple areas of intraretinal microvascular
abnormalities (IRMA}. This might be associated with
retention of good visual acuity.

Proliferative retinopathy. Detected on ophthalmoscopy

and/or fluorescein angiography. Proliferating blood

vessels are seen on the optic disc and/or the retina
with or without rubeosis of the iris. This also
might be associated with retention of good visual

acuity.
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6. End-stage retinopathy. Manifested by an unresoclving
vitreous haemorrhage, proliferation of fibrous tissue,
retinal detachment, or rubeotic glaucoma.

This classification includes an "ischaemic" category which
would obviously necessitate a close watch on the progress of
the retinopathy because -it is in this group of patients that
a better control of the diabetic state might cause arrest
or even reversal of the changes (Irsigler, Kritz, Najemnik,
and Freyler 1979) while a persistent hyperglycaemia might
lead to a rapid deterioration of the retinopathy and
appearance of neovascularisation.

For screening purposes a very simple grading system was
used namely division of patients into serious and non-
serious retinopathy. The purpose of this grading was to
make it simple for relatively untrained observers to decide
whether or not a patient's retinopathy was a "sight-
threatening" retinopathy and needed further investigation

with a view to possible laser therapy.
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3.3. NATURAL HISTORY OF DIABETIC RETINOPATHY

3.3.a. Introduction

To study the natural history of untreated diabetic reti-
nopathy, it may be convenient to consider some of the variables
which may contribute to the frequency and evolution of
diabetic retinopathy. -

In spite of the vast amount of literature on diabetic
retinopathy it is not exactly known what precise role the
duration of metabolic disorder, the age at which the
disorder first appears, the line of management adopted for
each diabetic patient, the severity of the diabetic state,
or the existence of high blood pressure, pregnancy, and
other factors, like smoking, play in the appearance and

progression of diabetic retinopathy.

3.3.b. Variation with Sex

No study shows any substantial sex difference in the
proportion of diabetics with retinopathy. A particularly
low frequency and severity of retinopathy in diabetic males
over 59 years of age has, however, been reported (Nilsson,
Nilsson, Frostberg, and others 1967). Seftel and Walker
(1966) also found that retinopathy is more common in women.
Blindness from diabetes is far more common among black women
in the United States, than among black men although much or
all of this difference may be due to higher frequency of
diabetes among black women (Kahn and Bradley 1975). In
some communities (Ghafour, Allan, and Foulds 1983) women may
predominate among the diabetic blind perhaps only because
women form a greater proportion of older diabetics among
whom retinopathy is more common. This perhaps is due to

the fact that diabetic men die at an earlier age than

diabetic women.




3.3.c. Effect of age at diagnosis and duration of diabetes

It has been accepted that diabetic retinopathy is
infrequent in persons with juvenile-onset insulin-dependent
diabetes, within the first few years after the onset of the
disease, but becomes more prevalent with increasing duration
(Caird, Garrett 1963; Caird, Pirie, and Ramsell 1969; Miki,
Fukuda, Kuzuya, and others 1969). In a recent study (Dorf,
Elmer, Ballintine, and others 1976) no relation between the
age of onset of diabetes and the frequency of diabetic
retinopathy has been found.

Malone, van Cader, and Edwards (1977) reported that 67
per cent of juvenile patients had retinopathy within one
vear of the diagnosis. Their study was based on
ophthalmoscopy. Other studies based on ophthalmoscopy have
suggested that over the age of 40 retinopathy can sometimes
be observed at the time of diagnosis of diabetes (Caird et
al 1969). There are a few studies of patients over 60
at the time of diagnosis of diabetes, but here the
frequency in the first 5 years after diagnosis is higher
than in juvenile-onset diabetes and increases to reach
60 per cent or so after 15 years (Burditt, Caird, and Draper

1968).

Studies based on the use of fluorescein angiography have
found lower rates of retinopathy 