Review

The eye in hypertension

Tien Wong, Paul Mitchell

Hypertension has a range of effects on the eye. Hypertensive retinopathy refers to retinal microvascular signs that
develop in response to raised blood pressure. Signs of hypertensive retinopathy are frequently seen in adults 40 years
and older, and are predictive of incident stroke, congestive heart failure, and cardiovascular mortality—independently
of traditional risk factors. Hypertension is also a major risk factor for the development of other retinal vascular
diseases, such as retinal vein and artery occlusion, and ischaemic optic neuropathy. High blood pressure increases
the risk of both development of diabetic retinopathy and its progression. Adequate control of blood pressure has been
proven in randomised clinical trials to reduce vision loss associated with diabetic retinopathy. Finally, hypertension
has been implicated in the pathogenesis of glaucoma and age-related macular degeneration. Recognition of the ocular
effects of blood pressure could allow physicians to better manage patients with hypertension, and to monitor its

end-organ effects.

Hypertension has profound effects on the structure and
function of the eye. First, the retinal, choroidal, and optic
nerve circulations undergo a series of pathophysiological
changes in response to raised blood pressure, resulting in
a range of clinical signs referred to as hypertensive
retinopathy, hypertensive choroidopathy, and hypertensive
optic neuropathy. Second, hypertension is an important
risk factor for the development of potentially blinding
vascular diseases of the eye, including retinal vein and
artery occlusion, retinal-arteriolar emboli, and diabetic
retinopathy. Finally, hypertension might be a pathogenic
factor for non-vascular ocular diseases, including two of
the leading causes of blindness—glaucoma and age-related
macular degeneration. We summarise the links between
hypertension and these disorders.

Direct ocular effects of hypertension

Hypertensive retinopathy refers to retinal microvascular
signs that are related to raised blood pressure.! The
underlying pathophysiology of these signs can be divided
into stages.” The initial response of the retinal circulation
to a rise in blood pressure is vasospasm and an increase
in vasomotor tone, which is seen clinically as generalised
retinal-arteriolar narrowing. Subsequently, chronic
arteriosclerotic changes, such as intimal thickening,
media-wall hyperplasia, and hyaline degeneration,
develop. These changes manifest as diffuse and focal
areas of arteriolar narrowing, opacification of arteriolar
walls (described as silver or copper wiring), and
compression of the venules by arterioles at their common
adventitial locations (termed arteriovenous nipping or
nicking). With more pronounced high blood pressure,
the blood-retinal barrier breaks down, resulting in
exudation of blood (haemorrhages), lipids (hard exudates),
and subsequent ischaemia of nerve-fibre layers (known
as cotton-wool spots). In the setting of severely high blood
pressure, raised intracranial pressure and concomitant
optic nerve ischaemia can lead to disc swelling
(papilloedema), which is sometimes referred to as severe
or malignant hypertension or hypertensive optic
neuropathy. Other mechanisms linking high blood
pressure with signs of hypertensive retinopathy could
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include inflammation,’ endothelial dysfunction,** and
angiogenesis.’

Clinically, signs of hypertensive retinopathy are classified
into four grades of increasing severity.® Although this
system is widely used, early retinopathy grades are difficult
to distinguish.” Further, the prognostic implications of
early hypertensive retinopathy grades are unclear.* Thus, a
three-grade classification system has been proposed.® In
this system, mild retinopathy would be identified by
retinal-arteriolar signs, such as generalised and focal
arteriolar narrowing, arteriolar wall opacification, and
arteriovenous nipping (figure 1A). In addition to these
signs, moderate retinopathy would be recognised by
flame-shaped or blot-shaped haemorrhages, cotton-wool
spots, hard exudates, microaneurysms, or a combination
of all of these factors. Severe retinopathy would display
some or all of these retinopathy signs, as well as swelling
of the optic disc (figure 1B).

Population-based studies®® that used retinal photo-
graphs and standardised assessment methods to define
signs of retinopathy detected signs of hypertensive
retinopathy in 2-14% of the non-diabetic population aged
40 years and older. The investigators reported that these
signs were strongly associated with high blood pressure.*®
One population-based study related both the prevalence,’
and incidence,” of hypertensive retinopathy signs to raised
blood pressure. Computer-imaging techniques have been
used to show that high blood pressure is associated with
narrower retinal-arteriolar diameters, but does not affect
venular diameters.*”

Search strategy and selection criteria

We searched MEDLINE using PubMed with the search terms “systemic hypertension” and
“blood pressure”, in combination with “eye”, “retinopathy”, “retinal arteriolar disease”,
“arterio-venous nipping”, “retinal vein occlusion”, “retinal artery occlusion”, “retinal
emboli”, “retinal macroaneurysm”, “ischaemic optic neuropathy”, “diabetes”, “glaucoma”,
and “age-related macular degeneration”. We largely selected publications in the past
Syears, but did not exclude older publications that are commonly referenced or highly
regarded. We also searched the reference lists of articles identified by this search strategy
and selected those we judged relevant. Review articles are also cited to provide readers

with more details and references.
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Figure 1: (A) Signs of mild hypertensive retinopathy in an eye with ischaemic optic neuropathy. (B) Signs of
severe hypertensive retinopathy

CWS=cotton-wool spots. FH=flame-shaped retina haemorrhage. DS=swelling of the optic disc. AVN=arteriovenous
nipping.

Generalised retinal-arteriolar narrowing and arterio-
venous nipping are related not only to a patient’s current
blood pressure levels, but also to levels measured in the
past, suggesting that these signs are persistent markers
of chronic hypertensive damage.”™"*"® By contrast, focal
arteriolar narrowing, retinal haemorrhages, micro-
aneurysms, and cotton-wool spots have been associated
only with concurrently measured blood pressure, and so
might represent transient blood pressure changes.*
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Figure 2: Relation between signs of hypertensive retinopathy and 3-year
incident stroke
Based on data from the Atherosclerosis Risk In Communities (ARIC) Study.?

Retinal-arteriolar narrowing might also be used to predict
subsequent development of hypertension in individuals
initially classified as normotensive.”* Thus, retinal-
arteriolar narrowing, possibly indicating more widespread
peripheral vasoconstriction, could be an early marker of
overt hypertension.

Hypertensive retinopathy has long been regarded as a
marker of systemic vascular disease elsewhere in the body.
The hypothesis of a link between hypertensive retinopathy
and stroke has been the most consistent, and has been
supported by anatomical, physiological, and pathological
studies.””” In a 3-year population-based cohort study of
atherosclerosis risk, incident stroke events were more
common in participants with signs of hypertensive
retinopathy than in participants without retinopathy
(figure 2).” In an analysis that controlled for blood
pressure, diabetes, lipids, and other risk factors, moderate
signs of hypertensive retinopathy (cotton-wool spots,
retinal haemorrhages, and microaneurysms) were
associated with a two-fold to four-fold higher risk of
incident stroke.” Weaker associations between signs of
mild hypertensive retinopathy and risk of stroke were also
seen.” This study and others have now linked signs of
hypertensive retinopathy with cognitive decline,* cerebral
white-matter lesions identified by cerebral MRI* lacunar
infarctions,” cerebral atrophy,” and stroke mortality.”*

Although studies of the association between hyper-
tensive retinopathy signs and heart disease have produced
inconsistent results, various symptoms of hyperten-
sive retinopathy have been linked with coronary-artery
stenosis on angiography,” and with incident coronary
heart-disease events in both men* and women.” Some
investigators suggest that moderate hypertensive retino-
pathy could be used to predict incident congestive heart
failure, even in individuals without a previous history of
myocardial infarction.* Retinopathy signs have also been
associated with other indicators of hypertensive target-
organ damage, such as microalbuminuria and renal
impairment™* and left ventricular hypertrophy.”
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Various national guidelines for management of
hypertension recommend assessment of retinopathy to
enable risk stratification.** Patients with mild retinopathy
will probably only need routine care, whereas patients
with moderate signs might benefit from further
assessment of blood-pressure control (eg, home or
24-hour blood-pressure monitoring), assessment of other
vascular risk (eg, cholesterol levels) and, if clinically
indicated, appropriate risk-reduction therapy (eg,
cholesterol-lowering agents). In patients with borderline
or so-called white coat hypertension, physicians could
interpret mild or moderate signs of retinopathy as
evidence for end-organ damage, and as an indication that
antihypertensive therapy could aid in treatment.
Additionally, in patients with established hypertension,
signs of retinopathy could suggest a need for close
observation of blood pressure, supplementary anti-
hypertensive therapy, or both. Patients with severe
retinopathy need urgent antihypertensive management.

Evidence suggests treatment of hypertension could
reverse the changes seen with retinopathy. Laboratory
studies in animals® and clinical case series” have shown
regression of retinopathy signs with control of blood
pressure. However, whether regression of hypertensive
retinopathy is accompanied by a reduction in cardio-
vascular risk remains uncertain. We also need to know
whether specific medications, such as those thought to
improve microvascular structure and function (eg,
angiotension-converting enzyme [ACE] inhibitors and
statins), would reduce retinopathy damage beyond the
effects of lowered blood pressure and lowered cholesterol
alone. If so, use of such medications in patients with
hypertensive retinopathy could also have additional
therapeutic value in prevention and treatment of
cardiovascular diseases.

Hypertension as a risk factor in ocular disease
Retinal vein occlusion
Hypertension predisposes patients to development of
retinal vein occlusion, a common, sight-threatening
retinal-vascular disorder.”* Retinal vein occlusion is
characterised clinically by dilatated and tortuous retinal
veins and the presence of retinal haemorrhages,
cotton-wool spots, and oedema of the macula and optic
disc. These features are seen either in all four quadrants
(central retinal vein occlusion; figure 3A), or in only one
(branch retinal vein occlusion; figure 3B). Central retinal
vein occlusion occurs in both ischaemic and non-ischaemic
forms. Patients with an ischaemic central retinal vein
occlusion typically present with poor visual acuity and a
relative afferent papillary defect. Fluoroscein angiography
of the fundus can show capillary non-perfusion. These
patients have a poorer visual prognosis and are at risk of
secondary neovascular glaucoma.*

Epidemiological studies of retinal vein occlusion in the
general population are rare.”* Population-based
surveys®* generally indicate that central retinal vein
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Figure 3: (A) Central retinal vein occlusion. (B) Branch retinal vein occlusion
AVN=arteriovenous nipping. BRVO=branch retinal vein occlusion.

occlusions arise in 0-1-0-4% and branch retinal vein
occlusions in 0-6-1-1% of adults aged 40 years and older.
The 10-year cumulative incidence was reported to be
0-4% for central retinal vein occlusions and 1-2% for
branch retinal vein occlusions.”

Almost all relevant studies have recorded a strong and
consistent link between hypertension and the risk of a
retinal vein occlusion.”* One investigation showed that
participants with hypertension were five times more likely
to have a branch retinal vein occlusion than those without
hypertension.” Moreover, mild hypertensive retinopathy
was strongly correlated with branch retinal vein occlusion,
with an odds ratio of 17 for focal arteriolar narrowing, and
23 for arteriovenous nipping (figure 3B).® Retinal vein
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Figure 4: Retinal-arteriolar emboli and retina branch artery occlusion
RE=retinal emboli. BRAO=branch retinal artery occlusion.
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occlusion is also associated with other cardiovascular risk
factors, including diabetes,”* cigarette smoking,**
carotid artery disease,® and various haematological
abnormalities (eg, hyperhomocysteinaemia, anticardio-
lipin antibodies, protein S and C deficiencies, activated
protein C resistance, and factor V Leiden mutation).**
Retinal vein occlusion has also been linked with stroke,”
coronary heart disease,* and cardiovascular mortality.”
Management of patients with a retinal vein occlusion
should include assessment of blood pressure control,
standard cardiovascular risk factors, and haematological
function. Ophthalmic follow-up is needed to diagnose and
prevent the two main complications of retinal vein
occlusion: neovascularisation and macular oedema.
Randomised clinical trials have shown that prophylactic
panretinal laser treatment does not necessarily prevent
neovascularisation in ischaemic vein occlusions, and that
laser treatment can be withheld unless the patient develops
frank ocular neovascularisation.”*** Focal laser treatment
can assist, however, in prevention of visual loss in some
patients with macular oedema from branch retinal vein
occlusion,” but does not seem to benefit macular oedema
associated with central retinal vein occlusion.” Several
treatment strategies for macular oedema (eg, injection of
steroids or antivascular endothelial growth factor agents
into the vitreous”) have been proposed, but their
effectiveness and safety will need to be confirmed by
randomised clinical trials. Although treatment of
hypertension has not been proven to reduce the risk of
complications associated with retinal vein occlusion, or
prevent the development of this disorder in the unaffected

eye, physicians should more closely monitor blood
pressure and consider initiation or modification of therapy
in patients with this eye disorder.

Retinal emboli

Retinal-arteriolar emboli are discrete plaque-like lesions,
lodged in the lumen of retinal arterioles.” These emboli
are heterogeneous, and can be composed of cholesterol
crystals (reflective emboli) or fibrin, platelets, calcium, or
other materials (non-reflective emboli).” Retinal emboli
can be single or multiple, and can be seen in one or both
eyes.*”

Epidemiological studies report that asymptomatic
retinal emboli are fairly common in adults aged 40 years
and older. Two large population-based studies have
reported prevalence rates of 1-3% and 1-4%,* and the
10-year incidence of retinal emboli has been recorded as
2-9%.% Asymptomatic retinal emboli are often transient;
in one study 90% of retinal emboli detected in baseline
photographs were not present 5 years later.” The main
risk factors for retinal emboli are hypertension, diabetes,
and cigarette smoking.“*“ In Australia, investigators
showed that individuals with hypertension had a two-fold
higher risk of prevalent and incident retinal emboli than
those without hypertension,”® but that this risk was
increased to six-fold higher in hypertensive people who
also smoked cigarettes.®

Retinal emboli have two important clinical implications.
First, the distal portions of occluded arterioles could be
ischaemic, and thus, could result in frank retinal artery
occlusion (figure 4). Second, people with retinal emboli
have a higher risk of thromboembolic stroke and cardio-
vascular disease.?*** In one study, participants with
retinal emboli were twice as likely to have prevalent
coronary heart disease and four times as likely to have
carotid artery plaque as those without emboli.® Another
study associated the presence of retinal emboli with a
two-fold higher risk of stroke mortality, independent of
blood pressure and other risk factors.*

Because of their increased risk of cardiovascular disease,
patients with retinal emboli will need thorough systemic
assessment, concentrating on hypertension control and
other modifiable vascular risk factors. Although the source
of the emboli (eg, carotid or cardiac) should be identified,
the value of carotid ultrasonography or transthoracic echo-
cardiography for detection of this source in asymptomatic
patients remains controversial. Some studies suggest that
up to 80% of people with asymptomatic retinal emboli do
not have substantial carotid stenosis.”” The usefulness of
carotid endarterectomy in asymptomatic retinal emboli in
patients with major carotid artery stenosis is also
uncertain.” Patients with retinal emboli and atrial
fibrillation will need systemic anticoagulation treatment.

Retinal artery occlusion

Retinal artery occlusion occurs commonly in patients
with hypertension.“*® Central retinal artery occlusion
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presents with a sudden, painless, unilateral loss of vision
and typically appears as a cherry red spot (figure 5).
Occlusion of a branch retinal artery, by contrast, could
present with a visual-field defect, and loss of central vision
can be slight (figure 4). In up to 70% of cases of branch
retinal artery occlusion retinal emboli is visible in the
vessels at the optic disc, or downstream in branch retinal
arterioles; these signs are present in about 20% of cases
when the occlusion arises centrally.®®

On the basis of clinic outpatient data, the yearly
incidence of central retinal artery occlusion has been
estimated at about one in 10000, occurring typically in
people aged 60-65 years.® However, a population-based
study showed a significantly lower incidence of only 0-07
per 10000 people per year™ Retinal artery occlusion is
associated with hypertension and other cardiovascular
risk factors, with haematological abnormalities, and with
both subclinical and clinical stroke.**””* Nearly half the
patients with retinal artery occlusion in one study were
reported to have echocardiographic abnormalities, and
10% needed systemic treatment.” The disorder has been
associated with an increased risk of cardiovascular disease
and mortality” In a prospective study of 99 patients with
retinal artery occlusions followed-up for a mean duration
of 4-2 years, the absolute risk of death was estimated at
8% per year; coronary events caused 60% of the deaths,
and stroke only 3%.” Mortality rates might also vary due
to the presence of retinal emboli; a study of 86 patients
with retinal artery occlusions showed that mortality rates
for those without visible retinal emboli were similar to
age-sex controls, whereas patients with visible emboli
had substantially higher mortality than controls.”

Thorough cardiovascular and cerebrovascular assess-
ments, including analysis of carotid and cardiac images,
are necessary for patients who present with retinal artery
occlusions. The presence of retinal emboli has low
predictive power for detection of significant carotid-artery
stenosis, and thus should not affect decisions to do
carotid ultrasonography.” Central retinal artery occlusion
is usually regarded as an ocular emergency. Attempts to
restore ocular circulation and preserve vision include
rapid dislodgement of the embolus by digital massage of
the eyeball; paracentesis to remove anterior chamber
fluid and lower intraocular pressure; and breathing into
a paper bag to induce carbon-dioxide-related vaso-
dilation.”” More aggressive treatment strategies such as
selective ophthalmic artery fibrinolysis via the femoral
artery have been suggested, but their effectiveness has
yet to be proved.”*

Retinal macroaneurysm

Retinal arterial macroaneurysm, a fusiform or sacular
dilatation of the retinal arterioles, is an uncommon
disorder almost always seen in patients with hyper-
tension.”™ In one hypothesis for the cause of retinal
macroaneurysm, the retinal-arterial walls become less
elastic with ageing, as both the medial muscle fibres and
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Figure 5: Central retinal artery occlusion

intima are gradually replaced by collagen. This decrease
in elasticity renders the arterioles susceptible to dilatation
caused by raised blood pressure. Hypertensive patients,
with impaired autoregulation, are at particular risk.
Subsequently, loss of the muscular coat, with thinning
and fibrosis of arterial walls could lead to dilatation,
hyperpermeability, and finally rupture of the macro-
aneurysm.

Data from large case series suggest that about a fifth of
macroaneurysms are bilateral, and one in ten are
multiple. Macroaneurysm is usually an incidental
finding in asymptomatic patients, but can also present
acutely, with visual loss secondary to haemorrhage or
exudation. Hypertension has been reported in up to 75%
of patients with macroaneurysms.* Patients with
uncontrolled hypertension might initially present with
visual loss caused by macroaneurysm.* Visual recovery
typically occurs spontaneously with thrombosis of the
macroaneurysm and resolution of the haemorrhage and
exudate.* However, residual retinal damage from chronic
macular oedema and hard exudate deposition might lead
to persistent poor vision. Anecdotal data suggest that
laser treatment could be useful in some cases, especially
when exudation affects the macula.

Ischaemic optic neuropathy

Like the retinal circulation, optic nerve circulation is
prone to the effects of hypertension and other vascular
risk factors.®* Ischaemic optic neuropathy is the most
frequent acute optic neuropathy in patients aged over
50 years.*™ Either the anterior or the posterior segment of
optic nerve can be affected. Anterior ischaemic optic
neuropathy accounts for 90% of cases, and typically
presents with sudden visual loss and optic-disc oedema
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Figure 6: Ischaemic optic neuropathy
DS=disc swelling.
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(figure 6), which is typically absent in posterior ischaemic
optic neuropathy. Anterior ischaemic optic neuropathy
can be further subdivided into arteritic and non-arteritic
types, of which the arteritic form is typically due to
giant-cell temporal arteritis, which is not associated with
hypertension. By contrast, non-arteritic anterior ischa-
emic optic neuropathy has been strongly linked with
hypertension and other cardiovascular risk factors.”*
One US study showed that the yearly incidence of
non-arteritic anterior ischaemic optic neuropathy was
10- 3 per 100000 people aged 50 years and older.”

Clinical series show that up to 50% of patients with
non-arteritic anterior ischaemic optic neuropathy might
have hypertension and 25% might have diabetes.”
Furthermore, hypertension, diabetes, and hyper-
cholesterolaemia seem to increase the risk of anterior
ischaemic optic neuropathy in younger patients more
than they do in older patients.”* By comparison with
retinal artery occlusions, anterior ischaemic optic
neuropathies are less usually associated with ipsilateral
large-vessel carotid artery disease, and thus carotid
ultrasound is not routinely needed.

Non-arteritic anterior ischaemic optic neuropathy has
no known effective treatment. Optic-nerve sheath decom-
pression surgery was thought to improve vision in some
patients, but this treatment was not supported by the
findings of a trial,” which showed that surgery did not
improve visual outcome and was potentially harmful.
Visual recovery after non-arteritic anterior ischaemic
optic neuropathy is often limited, but spontaneous
improvement of vision did occur in patients during the
first year of this trial.”

Diabetic retinopathy

Diabetic retinopathy is the most specific microvascular
complication of diabetes and one of the main causes of
visual impairment, especially in people of working-age.”* A
population-based study in the USA* suggested that 33% of
diabetic people aged 40 years and older have retinopathy,
and 8% have vision-threatening retinopathy. Diabetic
retinopathy has an early, non-proliferative stage and a more
advanced proliferative stage. Raised blood pressure is an
independent risk factor for both the initial development of
retinopathy and its subsequent progression. Impaired
retinal-vascular autoregulation in response to high blood
pressure plays a part in this association, since diabetic
patients with hypertension seem to be less able to regulate
retinal blood flow than non-diabetic patients.” In diabetes,
hypertension can also result in endothelial damage in the
retinal vasculature® and increased expression of
vascular—endothelial growth factors.”

Epidemiological studies in individuals with diabetes
provided initial evidence that hypertension might be
importantin development and progression of retinopathy.
However, a relation between high blood pressure and
retinopathy was seen in some,”™ but not all*'* studies.
In a population-based study, high blood pressure was
associated with an increased 14-year rate of diabetic
retinopathy in participants with type 1 diabetes,
independent of baseline retinopathy status, glycosylated
haemoglobin, duration of diabetes, and other risk factors.
However, in participants with type 2 diabetes, neither
systolic nor diastolic blood pressure was related to the
incidence and progression of retinopathy.™ Other studies
recorded associations between the severity of diabetic
retinopathy severity and systolic (but not diastolic) blood
pressure, and showed that such associations tended
to weaken with increased age.” The variability of these
results could indicate differences in study design, effects
of selection bias in clinic-based studies, selective mortality
in older patients with type 2 diabetes, or measurement
errors in the assessment and definition of hypertension.

Clinical trial data subsequently provided clear and
consistent evidence of the role of hypertension in the
development and progression of diabetic retinopathy. In
a prospective study in the UK,” 1048 patients with
hypertension were randomly assigned to a regimen of
tight control (aiming for blood-pressure levels below
150/85 mm Hg with atenolol or captopril) or less tight
control (blood pressure below 180/105 mm Hg). Investi-
gators noted that participants under tight blood-pressure
control, had reductions of 37% in risk of microvascular
disease, 34% in rate of progression of retinopathy, and
47% in deterioration of visual acuity."” Atenolol and
captopril proved equally effective for decreasing the risk
of microvascular complications,"” which suggests that
reduction of blood pressure per se was more important
than the type of medication used. Importantly, the effects
of blood pressure control were independent of
glycaemia."” After 6 years of follow-up, participants in
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this study with baseline blood pressure in the highest
third of the population (systolic blood pressures
>140 mm Hg) were three times as likely to develop retino-
pathy as those in the lowest third (systolic blood pressures
<125 mm Hg)."™ No threshold systolic blood pressure
was identified for this association, but the data
suggested that for each 10 mm Hg reduction in systolic
blood pressure, the risk of retinopathy might fall by
10%."" Longer term follow-up of patients in this study
have lent support to the early results."”

In general, data from epidemiological studies and
clinical trials lend support to clinical recommendations
that control of hypertension and blood pressure in
patients with type 2 diabetes should help to prevent
retinopathy and other microvascular complications. A
randomised controlled clinical trial showed that intensive
blood pressure control was more beneficial than con-
ventional control for normotensive patients with type 2
diabetes but not for hypertensive patients." Another
study showed that in patients with type 2 diabetes and
microalbuminuria, an intensive, multifactorial approach
that targeted hyperglycaemia, hypertension, and
dyslipidaemia, reduced the risk of retinopathy by 60%,
compared with conventional treatment alone.™

Reduction of blood pressure, even in the normotensive
range, could potentially lessen the risk of diabetic
retinopathy. The results of one study showed that in
patients with type 1 diabetes who were normotensive, and
who had no evidence of microalbuminuria, treatment with
an ACE inhibitor, reduced the progression of retinopathy
by 50% over a 2-year period, after adjustment for glycaemic
control.”” Progression to proliferative retinopathy was also
reduced by 80% in the group given ACE inhibitor compared
with controls. However, these results have been criticised
because the placebo group had significantly higher levels
of mean glycosylated haemoglobin than the treatment
group, even though this difference was adjusted in
statistical analyses. This study suggested that ACE
inhibitors might have an additional beneficial effect in
prevention of retinopathy—independent of reduction of
blood pressure. This additional benefit was postulated to
be mediated via a more favourable retinal-haemodynamic
profile, enhancement of nitric oxide production, reduction
of endothelial dysfunction, blockage of vascular endothelial
growth factors, and reduction of activity by matrix
metalloproteinases.

Ocular diseases where hypertension is a
potential risk factor

Age-related macular degeneration

Age-related macular degeneration is the most common
cause of visual impairment in patients aged 65 years and
older in developed countries.” Visual loss from age-related
macular degeneration typically results from either
neovascularisation associated with choroidal vessels
(commonly termed wet or exudative age-related macular
degeneration) or geographic atrophy of the retina.
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Some have suggested that hypertension could increase
the potential risk factor for age-related macular
degeneration, on the basis of its purported effects on the
choroidal circulation. An association between hyper-
tension and risk of age-related macular degeneration has
been noted in both cross-sectional™ and prospective
data,”™ but has not been shown consistently in all
studies.”™ One study, the Beaver Dam Eye Study," reported
that raised systolic blood pressure at baseline was not
related to prevalent age-related macular degeneration, but
did increase the 10-year risk of the disorder.” Another
study, the Blue Mountains study in Australia,” has shown
that focal arteriolar narrowing, a marker of hypertensive
retinopathy damage, was associated with the incidence of
some signs of age-related macular degeneration. Many of
the risk factors for cardiovascular disease (such as cigarette
smoking,”'® carotid artery disease,”™ and systemic
markers of inflammation™) also predispose patients to
this disorder. Furthermore, the disorder has been linked
with a high risk of stroke™ and cardiovascular mortality.”

A wide range of treatment options for age-related
macular degeneration, including vascular endothelial
growth-factor inhibitors, have been developed in the past
decade.”” However, specific antihypertensive medication
or treatments to lower blood pressure have not proven
beneficial for prevention of the development or progression
of disorder. Observational studies suggest that
antihypertensive medications do not affect the risk of this
disorder.™

Glaucoma

Glaucoma is a group of disorders characterised by
progressive damage to the optic nerve and loss of visual
field. This disorder is the second leading cause of
irreversible blindness worldwide, and affects more than
50 million people.” The main risk factor for glaucoma is
high intraocular pressure. Systemic hypertension is
suspected to increase the risk of the development and
progression of glaucoma. Several pathophysiological
mechanisms have been proposed to explain this putative
association.” First, direct microvascular damage from
systemic hypertension could impair blood flow to the
anterior optic nerve.”™ This notion is supported by
studies linking glaucoma to abnormal ocular blood
flow™*** and narrowing of the retinal vasculature.**
Second, hypertension could interfere with autoregulation
of the posterior ciliary circulation, which is already
impaired in glaucoma.” Third, antihypertensive treatment
could induce hypotensive episodes, especially at night,"”"*
which could reduce blood flow to the optic-nerve head,
resulting in additional damage to the optic nerve. Fourth,
other cardiovascular risk factors linked with hypertension
(eg, diabetes™* and cardiovascular disease) could affect
vascular perfusion of the optic-nerve head. Finally,
systemic blood pressure is closely related to intraocular
pressure,”™ the main risk factor for glaucomatous
optic-nerve damage.
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Epidemiological studies have not, however, shown a
consistent association between hypertension and
glaucoma.”*' Three population-based studies reported a
cross-sectional association.*™* In one, people with
hypertension were 50% more likely to have glaucoma,
after adjustment for glaucoma risk factors such as
intraocular pressure, than those without." Hypertension
also accounted for the greatest population-attributable
risk for glaucoma compared with other risk factors,*
suggesting that from a public-health perspective,
hypertension might be more important than less
common risk factors carrying a two-fold to three-fold
higher risk of glaucoma. Nonetheless, prospective studies
have not proven an association between either systolic or
diastolic blood pressure and incidence of glaucoma.”**!

Part of the difficulty in understanding the link between
blood pressure and glaucoma is the distinction between
the independent effects of blood pressure with intraocular
pressure, and the difference between the two (perfusion
pressure). One study noted that low perfusion pressure
(low systemic blood pressure combined with high
intraocular pressure) was a stronger risk factor for
glaucoma than was systemic hypertension per se.'™
Further, hypertension was a risk factor for glaucoma in
older participants, but not in those who were younger."
This finding could indicate that the damaging effects of
hypertension vary with age—ie, in younger people, raised
blood pressure could protect against glaucoma, since in
this age group, retinal vessels have not yet undergone
chronic microvascular damage.

In terms of clinical management, physicians should be
aware of the association between blood pressure and
intraocular pressure. Whether treatment with antihyper-
tensive medications can prevent progression of glaucoma
is unclear. Improved blood pressure control in individuals
susceptible to intraocular pressure could possibly help to
stabilise glaucoma.

Future directions and conclusions

Hypertension affects a large proportion of the adult
population worldwide, and has widespread effects on the
eye. We argue that any patient with hypertension should
have an ophthalmological assessment to detect hyperten-
sive retinopathy or other retinal vascular complications.
Individuals with moderate hypertensive retinopathy (eg,
flame-shaped or blot-shaped haemorrhages, cotton wool
spots, hard exudates, microaneurysms, or a combination
of these) are at increased risk of cardiovascular disease,
independently of standard risk factors. Nonetheless,
several questions remain. First, no standardised hyper-
tensive retinopathy classification system has been accepted
for use in primary-care settings, has good reproducibility,
and can show validity in predicting cardiovascular events.
Furthermore, although studies have suggested that retinal
photography might be more precise than clinical
ophthalmoscopy for the detection of signs of mild
retinopathy, no study has compared different methods of

retinal assessment. In the absence of new data, physicians
are encouraged to continue the practice of fundoscopy for
hypertensive patients when indicated, and referral for an
ophthalmological ~consultation when findings are
equivocal. No evidence exists to back up a recommendation
that all hypertensive patients should be routinely referred
for an eye consultation. Second, in view of the substantial
racial and ethnic variation in the prevalence and effect of
hypertension, we need to understand the ocular effects of
blood pressure in different racial and ethnic groups.
Finally, we will need to find out if intensive blood-pressure
control in patients with hypertensive eye diseases could
reduce the risk of visual and systemic morbidity. Blood
pressure control has been established as a treatment for
diabetic retinopathy, but requires evaluation for other eye
disorders linked with hypertension. Recognition of the
ocular effects of hypertension could assist physicians in
the overall management of hypertension and damage to
target end-organs.
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