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Ocular and systemic causes of retinopathy in patients
without diabetes mellitus
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Most general practitioners and physicians are familiar
with the risk factors, clinical presentation, and manage-
ment of retinopathy in patients with diabetes mellitus,
commonly termed diabetic retinopathy. Fewer doctors
are fully informed about other ocular and systemic
causes of retinopathy or the clinical significance of
retinopathy in patients without diabetes (referred to as
non-diabetic retinopathy in this review). However,
retinopathy is fairly common in adults without
diabetes,1–4 and doctors routinely encounter such
patients in whom clinical or laboratory evidence of
hyperglycaemia is consistently absent.

Although some patients with retinopathy will have
an obvious aetiology (for example, severe anaemia, sys-
temic lupus erythematosis, or underlying carotid
disease), many do not have an easily identifiable cause
for their retinal signs. What course of action should the
doctor take when faced with retinopathy in a patient
without diabetes? What are the common ocular and
systemic causes of retinopathy? What is the clinical sig-
nificance of these retinopathy lesions? These and other
matters are discussed in this review.

Sources and selection criteria
We reviewed studies on ocular and systemic causes of
“retinopathy” from Medline and textbooks. We specifi-
cally excluded “diabetic retinopathy.”

Non-diabetic retinopathy
Non-diabetic retinopathy has been defined in different
studies to include microaneurysms, retinal haemor-
rhages (dot, blot, and flame shaped), hard exudates,
cotton wool spots, retinal venular abnormalities
(venous beading and tortuosity), intraretinal microvas-
cular abnormalities, and new vessels.1–3 The ocular and
systemic causes of retinopathy in people without
diabetes are varied (see table on bmj.com).

Ocular causes of non-diabetic
retinopathy
Retinal vein occlusion
Central retinal vein occlusion and branch retinal vein
occlusion can present with non-diabetic retinopathy.
The appearance on funduscopy is usually characteris-
tic, with flame shaped haemorrhages present within
the distribution of the affected vein (fig 1). The patient
may complain of a sudden painless unilateral loss of

vision or visual field (for example, inferior field defects
for superior branch retinal vein occlusion) or may be
asymptomatic. If loss of vision is severe a relative affer-
ent pupillary defect may exist, indicating retinal ischae-
mia. Important systemic risk factors for retinal vein
occlusion include hypertension, diabetes mellitus, and
other conditions such as hyperhomocystinaemia.5

Glaucoma is an important ocular risk factor. The
prevalence of retinal vein occlusion was noted in one
study to be 1.6% in people above 49 years of age.6

Given the possible severe associations of this condition
and its relatively high prevalence, retinal vein occlusion
should not be overlooked.

Retinal telangiectasia
Patients with retinal telangiectasia may present with
retinopathy. In younger patients this is referred to as

A table appears on bmj.com

Summary points

Many people without diabetes may have signs of
retinopathy (microaneurysms, retinal
haemorrhages, cotton wool spots)

Ocular conditions associated with retinopathy in
non-diabetic patients include retinal vein
occlusions, retinal telangiectasia, and retinal
macroaneurysms

Systemic conditions associated with retinopathy
in non-diabetic patients include systemic
hypertension, carotid atherosclerotic diseases,
blood dyscrasias, systemic infections, and past
radiotherapy to the head

Doctors should be aware of the common causes
and clinical significance of these conditions, as
retinopathy may be associated with visual loss (for
example, retinal vein occlusion) or increased
incidence of cardiovascular diseases (for example,
hypertensive retinopathy)

Appropriate investigations and referral, if
necessary, are advisable in the management of
patients presenting with non-diabetic retinopathy
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Coats’ disease. It usually occurs in young men aged less
than 20 years (median age 5 years7). Vision may be
greatly affected in advanced cases. A milder form of the
same disease, termed Leber’s miliary aneurysms, can
present later in life as a localised cluster of dilated cap-
illaries, aneurysms, and telangiectasia, typically in the
temporal quadrants of the retina. Either of these
conditions should be suspected in young patients with
retinopathy. About 8% of cases are asymptomatic.

Retinal macroaneurysm
Retinal macroaneurysm refers to an isolated aneurys-
mal dilatation of a major arterial or arteriolar branch
that is often associated with leakage of exudate and
multiple retinal haemorrhages. It usually occurs in
older women and is strongly associated with hyper-
tension and an increased incidence of cardiovascular
and atherosclerotic vessel disease.8

Systemic causes of non-diabetic
retinopathy
Hypertension
Hypertension is probably the best known systemic
condition associated with non-diabetic retinopathy. In
people with hypertension, retinopathy is often referred
to as hypertensive retinopathy, although this definition
has sometimes been expanded to include retinal arte-
riolar signs such as arteriovenous nicking and focal
and generalised arteriolar narrowing.9 Retinopathy has
been found to be present in about 11% of hypertensive
non-diabetic people over 43 years of age.2

An appreciable proportion (average 6%) of
normotensive non-diabetic people may also have
retinopathy.1–3 In two population based studies, more
than 50% of the participants with non-diabetic
retinopathy did not have a history of hypertension.2 3

Retinopathy may thus represent the cumulative effects
of elevated blood pressure throughout life in people
not classified as having hypertension.

Atherosclerosis
The relation between atherosclerosis and retinopathy
is not well studied. Carotid atherosclerotic vessel
disease causing greater than 90% occlusion of the
carotid artery system is known to cause ocular ischae-
mic syndrome, which may manifest as retinopathy.10

Several large epidemiological studies of non-diabetic
retinopathy in relation to less severe atherosclerotic
vessel disease have recently shown retinopathy to be
linked to the presence of carotid artery plaques,4 11

increased intima-media thickness of the common and
internal carotid arteries,4 and high concentrations of
serum total cholesterol.11 One study found abdominal
obesity, as measured by the waist:hip ratio, to be inde-
pendently associated with the incidence of non-
diabetic retinopathy developing after 10 years.1

Increased waist:hip ratio may be a manifestation of the
metabolic syndrome encompassing conditions includ-
ing atherosclerosis, diabetes, and hypertension.

Systemic vasculitis
Various systemic connective tissue diseases may also
manifest in the eye as retinopathy. Cotton wool spots
and intraretinal haemorrhages constitute the most
common ocular manifestations of systemic lupus
erythematosis.12 Although the clinical features may be
similar to those of diabetic retinopathy, this retinopathy
is usually associated with less ischaemia and visual loss.
Other ocular features of systemic lupus erythematosis
may provide clues, including scleritis, keratitis, and,
rarely, corneal perforation.12 Retinopathy may improve
after treatment of the systemic disease; however,
exacerbations of retinopathy are common during
relapses.13

Patients with the antiphospholipid antibody
syndrome—typically women under the age of
50—commonly present with non-diabetic retinopathy
independent of their systemic lupus erythematosis
status.14 Screening for the antiphospholipid and anti-
cardiolipin antibodies may thus be useful in such
patients presenting with non-diabetic retinopathy, to
direct appropriate subsequent management.

Behcet’s disease characteristically presents with
white patches of retinitis associated with cotton wool
spots and retinal haemorrhages,15 as well as retinal vein
occlusion and venous inflammation. Cotton wool spots
may also be seen in other systemic vasculitides, such as
polyarteritis nodosa, temporal arteritis, or Wegener’s
granulomatosis. Many of these conditions have
multiple systemic manifestations that may aid in the
diagnosis.

Blood dyscrasias
Severe anaemia of any cause is a known cause of retin-
opathy. Specific types of anaemia, such as sickle cell
disease, may mimic diabetic retinopathy in its
proliferative form.16 Pre-proliferative sickle cell retin-
opathy has a predilection for the peripheral retina and
is usually asymptomatic in the early stages. Aplastic
anaemia may manifest as non-diabetic retinopathy and

Fig 1 Branch retinal vein occlusion in a patient with hypertension

Fig 2 Central retinal vein occlusion in a patient with protein C
deficiency
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may even present initially with preretinal haemor-
rhages in up to 13% of patients.17 Leukaemia can simi-
larly present with cotton wool spots before diagnosis.18

Haematological and hypercoagulable states, such as
deficiency of protein C or protein S, have also been
reported to cause retinopathy and retinal vein
occlusion (fig 2).5 Because some of these conditions are
life threatening, a careful clinical examination and
appropriate investigations may be necessary.

Systemic infections
Patients with AIDS often develop retinal microangio-
pathy, typically resulting in isolated or multiple cotton
wool spots and haemorrhages.19 This must be differen-
tiated from signs of cytomegalovirus retinitis,19 which
commonly occurs when the CD4 count falls below 200
cells/mm3. Toxoplasmosis may occasionally present
with cotton wool spots and retinal vasculitis, usually
adjacent to a classical punched-out white chorioretinal
scar with associated pigment. Other clinical findings
may include iritis, vitritis, swelling of the optic disc, and
secondary retinal vein occlusion. Old, inactive “toxo”
lesions in the other eye are common.

Patients with infective endocarditis may have Roth
spots, which are pale-centred retinal haemorrhages
caused by a localised thrombus. Other less common
causes of non-diabetic retinopathy include infections
such as tuberculosis and syphilis. Appropriate investi-
gation of infectious causes is essential, as many condi-
tions are treatable.

Radiation
Retinopathy due to radiation is known to occur up to
10 years after cranial or maxillary radiation and may
not be readily distinguished from diabetic retinopathy
on clinical examination.20 Hard exudates have been
found to be more prevalent after brachytherapy,
whereas intraretinal haemorrhages and microaneu-
rysms are more commonly found after teletherapy.20 A
careful history will often exclude this diagnosis.

Clinical significance of non-diabetic
retinopathy
Whereas diabetic retinopathy is often associated with
impairment of vision and blindness, the clinical signifi-
cance of retinopathy in patients without diabetes is
varied, particularly in cases of systemic disease.

Retinal vein occlusion and other retinal vascular
disorders
Retinal vein occlusions and other retinal vascular
disorders with signs of retinopathy are potentially sight
threatening conditions. Ischaemic central retinal vein
occlusion is associated with an increased risk of new
vessel formation in the iris and subsequent secondary
neovascular glaucoma, which can develop up to 24
months after initial presentation.5 Branch retinal vein
occlusion can also lead to new vessel formation in the
retina or optic disc, and both central retinal vein occlu-
sion and branch retinal vein occlusion may lead to per-
sistent macular oedema, causing permanent loss of
vision. Prompt diagnosis and referral to an ophthal-
mologist for consideration of appropriate laser
treatment are warranted. Retinal macroaneurysms
may resolve spontaneously by thrombosis, or may be
associated with recurrent leakage with retinal and

vitreous haemorrhage. Laser photocoagulation may be
indicated.8 Early treatment of Coats’ disease can reduce
the extent of visual loss.21

Severity of hypertension, cardiovascular disease,
and mortality
Retinopathy is a prognostic marker in patients with
hypertension. In the Keith-Wagener-Barker classifi-
cation, presence of retinal haemorrhages and cotton
wool spots, when present with other retinal changes, is
categorised as grade 3 retinopathy, signifying severe
hypertensive disease.9 In epidemiological studies, retin-
opathy has consistently been reported to occur more
often in people with uncontrolled or undetected and
untreated hypertension than in normotensive people
and those with adequately treated hypertension.2 3 22

Retinopathy has been linked with lower glomerular
filtration rates and microalbuminuria, and it occurs in
parallel with left ventricular hypertrophy early in the
course of blood pressure elevation.8 More recent stud-
ies have also shown an independent association
between the presence of retinopathy and cerebrovas-
cular disease.22 Furthermore, retinopathy has been
found to be independently associated with increased
all cause mortality.23 The association between non-
diabetic retinopathy and ischaemic heart disease, how-
ever, is not well established.4

Preclinical diabetes
An interesting question is whether retinopathy is a
marker of future risk of diabetes. Few data are available
on this subject. One study found that retinopathy was
associated with increasing fasting blood sugar concen-
trations in people not classified as having diabetes mel-
litus,24 although another study did not find this
association.3

Other systemic diseases
Retinopathy in a patient with systemic lupus erythema-
tosis is a known marker for the active phase of the dis-
ease.12 Severe retinopathy and other ischaemic retinal
changes have also been associated with central nervous
system systemic lupus erythematosis.25 White patches

Non-diabetic retinopathy noted

Refer to ophthalmologist 

Documentation with retinal photographs

Appropriate referral and discussion with physician

Medical history, examination, basic investigations
(see box) and appropriate management

Full ophthalmic examination, including examination
of anterior and posterior segments and visual fields

Medical history, examination, further investigations,
including fluorescein angiography, if appropriate

Diagnosis of the aetiology and management of specific
ocular diseases (for example, retinal vein occlusion)

Fig 3 Initial management of non-diabetic retinopathy
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of retinitis in Behcet’s disease may be indicative of
reactivation of the disease process.15

Non-diabetic retinopathy in an AIDS patient is
associated with increased systemic severity of the
disease.19 A specific correlation of the number of
cotton wool spots with increasing systemic severity of
AIDS and decreased cerebral blood flow is not well
established.

Clinical approach to management
Retinopathy has many severe implications and grave
associations. It would thus be prudent for the doctor to
investigate thoroughly and ascertain the aetiology in a
patient presenting with non-diabetic retinopathy, to
allow for the early institution of appropriate treatment.
Figure 3 and the box present an algorithm, relevant
aspects of which can be incorporated in the individual
management of a patient with non-diabetic retin-
opathy. This approach should consist of a thorough
history, medical examination, and appropriate labora-
tory investigations. Referral to an ophthalmologist for
a full ophthalmic examination, including the use of
fundus fluorescein angiography, should be considered.

Conclusion
Retinopathy lesions are commonly seen in middle
aged and elderly people without diabetes. Common
ocular conditions associated with retinopathy in
non-diabetic patients include retinal vein occlusions,
retinal telangiectasia, and retinal macroaneurysms.
Common systemic causes include systemic hyper-
tension, carotid atherosclerotic diseases, blood dyscra-
sias, systemic infections, and past radiotherapy. Doctors

should be aware of these conditions and should appro-
priately investigate, refer, and manage these patients.
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Additional education resources

Websites for doctors
www.emedicine.com—comprehensive, established, and regularly updated
website containing extensively peer reviewed articles written by specialists
on diseases spanning 62 medical specialties, including retinopathy
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Investigation of retinopathy

Medical history
• Diabetes mellitus
• Hypertension
• History of cardiovascular disease (stroke, ischaemic
heart disease, peripheral vascular disease)
• History of thrombosis
• Anaemia (for example, sickle cell disease)
• Drug history (for example, aplastic anaemia)
• Connective tissue disease (for example systemic
lupus erythematosis)
• Radiotherapy (for example, central nervous system
or nasopharyngeal tumours, thyroid eye disease)
• Malignancy (for example, leukaemia)
• AIDS

Physical examination
• General health (pallor, cachexia, lymphadenopathy)
• Blood pressure assessment
• Cardiovascular assessment
• Neurological assessment

Investigations
• Full blood count, erythrocyte sedimentation rate
• Fasting glucose concentrations and oral glucose
tolerance test
• Lipids (total cholesterol, high density lipoprotein
cholesterol, low density lipoprotein cholesterol,
triglycerides)
• Infectious disease investigations (for example, chest
x ray, syphilis and HIV serology)
• Neurological investigations (for example, carotid
ultrasound)
• Connective tissue investigations (C reactive protein,
antinuclear antibodies, anti-dsDNA)
• Haematological investigations (activated protein C
resistance, protein C activity, protein S activity,
antithrombin III activity, antiphospholipid antibodies,
and anticardiolipin antibodies)
• Further special diagnostic investigations as indicated
from preliminary results
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Lesson of the week
Pitfalls in the diagnosis of phaeochromocytoma
L Zendron, J Fehrenbach, C Taverna, M Krause

Phaeochromocytoma, a rare endocrine disorder
causing arterial hypertension, is found in less than
0.1% of patients with hypertension.1 The diagnosis is
excluded by the repeated finding of normal catechol-
amine (for example, dopamine) concentrations in
urine or blood. If catecholamine concentrations are
increased in combination with an adrenal mass,
phaeochromocytoma is usually confirmed by an
increased uptake of a radiolabelled catecholamine pre-
cursor in the region of the adrenal tumour. We present
a case in which the clinical presentation and the results
of laboratory, radiological, and nuclear investigations
led to an incorrect diagnosis of phaeochromocytoma.

Case report
A 73 year old woman presented with severe headache,
tinnitus, and a blood pressure of 240/140 mm Hg. She
had been treated for arterial hypertension and diabetes
mellitus for over 10 years. During a search for second-
ary hypertension, abdominal ultrasonography showed
an enlargement of the right adrenal gland of 3.5 cm.
The dopamine level in a 24 hour urine was
25 252 nmol (upper normal limit 2500 nmol). This was
confirmed by a second analysis (35 628 nmol).
Adrenaline and noradrenaline concentrations were
within normal ranges. Magnetic resonance imaging
confirmed a 2.5×3.5×4 cm mass in the right adrenal
gland, and a scan using metaiodobenzylguanidine
labelled with iodine-123 showed isolated uptake of
radionuclide in the same region (figure). A dopamine
secreting, possibly malignant, right sided phaeochro-
mocytoma was postulated, and the patient underwent
right adrenalectomy. The procedure was uneventful.
Histology, however, showed a large adenoma of the
adrenal cortex; a phaeochromocytoma could not be
detected. Postoperatively, the patient still required anti-
hypertensive treatment. The urinary excretion of
dopamine remained high at 43 068 nmol daily, and a

repeat 123I-metaiodobenzylguanidine scan showed the
same hot spot.

The patient was taking 125 mg levodopa with
carbidopa twice a day for restless legs. This was
stopped. A 24 hour urine sample three weeks later
contained 4019 nmol dopamine, but this reverted to
normal values four months later. Re-examination of
the 123I-metaiodobenzylguanidine scan and magnetic
resonance imaging showed that the hot spot was
located well below the adrenal mass and that it was
caused by delayed excretion of the radionuclide due to
a benign dilation of the right renal pelvis. The patient’s
blood pressure is now satisfactorily controlled with
four antihypertensive drugs.

Discussion
This patient presented with poorly controlled blood
pressure, which prompted the clinicians to search for
secondary hypertension. Three classic pitfalls, however,
led to the misdiagnosis of phaeochromocytoma. The
first pitfall was that the finding of an adrenal tumour

Suspected adrenal tumour (arrow) after magnetic resonance imaging
(left) and scanning with 123I-metaiodobenzylguanidine (right, dorsal
view)

Clinical review

Careful drug
history and
critical review
of all tests are
essential to
diagnose
phaeochromo-
cytoma
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