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CHAPTER 39

nerve is not understood. Axons entering the inferotemporal and
superotemporal aspects of the optic disc are damaged first, producing
typical nerve fiber bundle or arcuate scotomas on perimetric testing.
As fibers are destroyed, the neural rim of the optic disc shrinks and the
physiologic cup within the optic disc enlarges (Fig. 39-15). This process is referred to as pathologic “cupping.” The cup-to-disc diameter is
expressed as a fraction (e.g., 0.2). The cup-to-disc ratio ranges widely
in normal individuals, making it difficult to diagnose glaucoma reliably simply by observing an unusually large or deep optic cup. Careful
documentation of serial examinations is helpful. In a patient with
physiologic cupping the large cup remains stable, whereas in a patient
with glaucoma it expands relentlessly over the years. Observation of
progressive cupping and detection of an arcuate scotoma or a nasal
step on computerized visual field testing is sufficient to establish the
diagnosis of glaucoma. Optical coherence tomography reveals corresponding loss of fibers along the arcuate pathways in the nerve fiber
layer.
About 95% of patients with glaucoma have open anterior chamber angles. In most affected individuals the intraocular pressure is
elevated. The cause of elevated intraocular pressure is unknown, but it
is associated with gene mutations in the heritable forms. Surprisingly,
a third of patients with open-angle glaucoma have an intraocular
pressure within the normal range of 10–20 mmHg. For this so-called
normal or low-tension form of glaucoma, high myopia is a risk factor.
Chronic angle-closure glaucoma and chronic open-angle glaucoma
are usually asymptomatic. Only acute angle-closure glaucoma causes
a red or painful eye, from abrupt elevation of intraocular pressure. In
all forms of glaucoma, foveal acuity is spared until end-stage disease is
reached. For these reasons, severe and irreversible damage can occur
before either the patient or the physician recognizes the diagnosis.
Screening of patients for glaucoma by noting the cup-to-disc ratio
on ophthalmoscopy and by measuring intraocular pressure is vital.
Glaucoma is treated with topical adrenergic agonists, cholinergic
agonists, beta blockers, and prostaglandin analogues. Occasionally,
systemic absorption of beta blocker from eyedrops can be sufficient to
cause side effects of bradycardia, hypotension, heart block, bronchospasm, or depression. Topical or oral carbonic anhydrase inhibitors
are used to lower intraocular pressure by reducing aqueous production. Laser treatment of the trabecular meshwork in the anterior chamber angle improves aqueous outflow from the eye. If medical or laser
treatments fail to halt optic nerve damage from glaucoma, a filter must
be constructed surgically (trabeculectomy) or a drainage device placed
to release aqueous from the eye in a controlled fashion.
Macular Degeneration This is a major cause of gradual, painless, bilateral central visual loss in the elderly. It occurs in a nonexudative (dry)
form and an exudative (wet) form. Inflammation may be important
in both forms of macular degeneration; susceptibility is associated
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Figure 39-16 Age-related macular degeneration consisting of
scattered yellow drusen in the macula (dry form) and a crescent of
fresh hemorrhage temporal to the fovea from a subretinal neovascular membrane (wet form).
with variants in the gene for complement factor H, an inhibitor of the
alternative complement pathway. The nonexudative process begins
with the accumulation of extracellular deposits called drusen underneath the retinal pigment epithelium. On ophthalmoscopy, they are
pleomorphic but generally appear as small discrete yellow lesions clustered in the macula (Fig. 39-16). With time they become larger, more
numerous, and confluent. The retinal pigment epithelium becomes
focally detached and atrophic, causing visual loss by interfering with
photoreceptor function. Treatment with vitamins C and E, beta-carotene, and zinc may retard dry macular degeneration.
Exudative macular degeneration, which develops in only a minority
of patients, occurs when neovascular vessels from the choroid grow
through defects in Bruch’s membrane and proliferate underneath the
retinal pigment epithelium or the retina. Leakage from these vessels
produces elevation of the retina, with distortion (metamorphopsia)
and blurring of vision. Although the onset of these symptoms is usually gradual, bleeding from a subretinal choroidal neovascular membrane sometimes causes acute visual loss. Neovascular membranes
can be difficult to see on fundus examination because they are located
beneath the retina. Fluorescein angiography and optical coherence
tomography, a technique for acquiring images of the retina in crosssection, are extremely useful for their detection. Major or repeated
hemorrhage under the retina from neovascular membranes results in
fibrosis, development of a round (disciform) macular scar, and permanent loss of central vision.
A major therapeutic advance has occurred with the discovery that
exudative macular degeneration can be treated with intraocular injection of antagonists to vascular endothelial growth factor. Bevacizumab,
ranibizumab, or aflibercept is administered by direct injection into the
vitreous cavity, beginning on a monthly basis. These antibodies cause
the regression of neovascular membranes by blocking the action of
vascular endothelial growth factor, thereby improving visual acuity.

Disorders of the Eye

Figure 39-15 Glaucoma results in “cupping” as the neural rim is
destroyed and the central cup becomes enlarged and excavated. The
cup-to-disc ratio is about 0.8 in this patient.

Central Serous Chorioretinopathy This primarily affects males between
the ages of 20 and 50 years. Leakage of serous fluid from the choroid
causes small, localized detachment of the retinal pigment epithelium
and the neurosensory retina. These detachments produce acute or
chronic symptoms of metamorphopsia and blurred vision when
the macula is involved. They are difficult to visualize with a direct
ophthalmoscope because the detached retina is transparent and only
slightly elevated. Optical coherence tomography shows fluid beneath
the retina, and fluorescein angiography shows dye streaming into
the subretinal space. The cause of central serous chorioretinopathy
is unknown. Symptoms may resolve spontaneously if the retina reattaches, but recurrent detachment is common. Laser photocoagulation
has benefited some patients with this condition.
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