Pathophysiology of the Anterior Segment  (Glaucoma)
Embryologically, the lens develops by invagination of ectoderm.  If this occurs abnormally, the 
lens and cornea are deformed and this is called “Peter’s Anomaly.”

The adult lens is avascular and anaerobic, with aqueous humor serving as its blood supply.  


If the fetal vasculature persists after birth, the whole eye will be very damaged.
The lens has a polar epithelial layer, with cell apices facing inward and the BM forming the    
lens capsule.  A problem called “exfoliation syndrome” involves epithelial exfoliation 
(like dandruff of the lens), which can float into aqueous humor, obstruct the trabecular 
outflow tract, and lead to open angle glaucoma.
Normally, anterior surface epithelial cells have nuclei, but these fiber cells migrate from this 
layer into the middle of the lens and lose their nuclei as they go.
The lens is suspended by zonular fibers made of fibrillin.  In Marfan’s Syndrome, fibrillin is 
mutated, so these patients often have dislocation of the lens.
The lens only provides one-quarter of the eye’s refration.  Three-quarters occurs at the cornea.
Cataracts
Nuclear Cataract is clouding and yellowing of the center of the lens.  These patients will become 
very nearsighted and selectively lose blue color perception.  The main mechanism is 
aggregation of lens crystallin proteins.
Cortical Cataract is opacity in certain zones, especially those exposed to more sunlight 
(especially the inferior nasal zone).  The main mechanism is oxidative damage, leading to 
fiber cell damage and formation of extracellular spaces.

Posterior Subcapsular Cataract leads to severe glare sensitivity, halos, and blurring.  The main 
mechanism is fiber cells retaining nuclei and migrating to the posterior lens.  

Risk factors for cataract include:  age, sunlight exposure, smoking, diabetes, corticosteroid drugs.

Visual acuity is not a good predictor of lens impairment.  Instead, surgery is only indicated when 
there is impairment of daily living activity, which is a subjective observation.
Open Angle Glaucoma
OAG is a disease of the optic nerve characterized by a change in the optic nerve head (“excavation”)

and by peripheral vision loss due to retinal ganglion cell death.  4x more common in blacks.

OAG does not cause pain, glare, or decreased central vision.  It causes gradual loss of peripheral 
vision by taking out connective tissues around the optic disk, which damages the nasal 
portion (peripheral vision) of the optic nerve first, then moves inward.
**The optic nerve excavation is characterized by increased cup:disk ratio and loss of nerve fibers.

The pattern of ganglion cell loss is called “hourglass atrophy” because the upper and lower 
portions die first, whereas the sides are preserved.
OAG is usually not painful, and may be asymptomatic or start with peripheral vision loss.
The greatest risk factor is intra-ocular pressure, though many people with OAG have normal pressure.  
Intra-ocular pressure has bad predictive value for who gets OAG.  

Other risk factors are being black, older age, thin cornea, and corticosteroid use.
Production of aqueous humor requires carbonic anhydrase.  Aqueous flows around the iris and 
into the trabecular meshwork.
In open angle glaucoma, the trabecular meshwork becomes blocked by the iris, or by 
inflammation, blood, tumor cells, scarring, etc.  This leads to higher ocular pressure, poor 
perfusion of the optic nerve, loss of connective tissue support around the optic disk, and 
ganglion cell death.
Treatment of open angle glaucoma
--Beta-blockers suppress aqueous formation
--Carbonic anhydrase inhibitors suppress aqueous formation

--Alpha2 agonists suppress aqueous formation

--Prostaglandins increase aqueous outflow

Angle Closure Glaucoma
ACG is a blockage of aqueous humor drainage through the trabecular meshwork.  Most often 
caused by an inability of the aqueous to move from posterior to anterior chamber via the pupil.  This leads to high eye pressure, damage to the optic nerve, and loss of peripheral vision.
The greatest risk factor for angle closure glaucoma is smaller eyeballs (Asians) because it causes the 
iris to bow forward and obstruct the trabecular meshwork.  This can lead to a positive 
feedback cycle in which the anterior chamber pressure rises, pushing the iris against the lens, 
so posterior chamber pressure rises, pressing the iris harder against the trabecular meshwork.
Unlike open angle glaucoma, being black is protective.
ACG is extremely painful.
Shining a light obliquely at the iris will show a shadow if there’s ACG.
Treatment of angle closure glaucoma
--Laser iridotomy puts a hole in the iris to let aqueous flow freely
--Pilocarpine constricts the pupil, pulling it away from the trabecular meshwork and lens

