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1.
Glaucoma

A.
Definition

Glaucoma is an ocular disease manifested by an increase in the intraocular pressure sufficient to eventually result in optic nerve damage and visual field loss and, ultimately if unchechecked, blindness. Various surveys have stated that glaucoma accounts for 10-20% of all blindness in the United States.

B.
Classification

Becker and Shaffer divide glaucoma into four major divisions:

1.
Angle closure glaucoma - subdivided into those which are and those which are not caused by pupillary block

2.
Open angle glaucoma - subdivided into those produced by resistance to aqueous outflow in and beyond the trabecular meshwork and those caused by hypersecretion or increased venous pressure

3.
Glaucoma - in which both angle closure and trabecular mechanisms may be contributing

4.
Congenital glaucoma - in which some anomaly of the anterior segment is present at birth

Glaucoma is also divided into primary (genetically determined bilateral disease) and secondary (caused by some known concomitant disease or condition). Newer theories implicate other factors than intraocular pressure in glaucoma. Some consider it to be a neurologic (optic nerve) disease with intraocular pressure being only one factor. Vascular and neuro toxic theories have been presented. Lowering the intraocular pressure remains the primary method of treatment, but neuro protective drugs are being considered.


C.
Anatomy of the anterior chamber angle

1.
Limits - comes anteriorly and iris plateau posteriorly; anterior chamber angle formed by cornea and iris plane (Fig. 1)
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D.
Pathophysiology of the glaucomatous process

1.
Aqueous production in ciliary epithelium by diffusion and secretion

2.
Normal eye - Variation in aqueous secretion is related to diurnal fluctuations, hydration, effect of drugs, Valsalva maneuver, etc. Compensatory adjustments keep intraocular pressures relatively stable. External lid pressure, forceful lid closure, or the like will increase the introacular pressure momentarily

3.
Aqueous flow in the anterior chamber - From the ciliary epithelium through the pupil into the anterior chamber, then into the trabecular meshwork to Schlemm's canal; into the aqueous vein and back into the venous circulation (Fig. 5)
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4.
Origin of elevated intraocular pressure

a.
Obstruction of aqueous outflow channels (most important) -

mechanically by the iris (narrow angle) or by impaired flow through

the trabecular meshwork (open angle) (Figs. 6, 7, 8)

b.
Increase in venous pressure - Valsalva maneuver, zero G, etc.

c.
Increase in aqueous production (least important)

E.
Diagnostic methods

1.
Gonioscopy - One cannot view the angle recess of the eye directly because of the total internal reflection of the light rays entering or exiting the cornea from these structures. Gonioscopic contact lenses overcome this problem.

a.
Goldmann, Thorpe-Allen, and Zeiss lenses (indirect method) utilize

prisms and mirrors. (Fig. 9)

b.
Koeppe lens (direct method) - Radius of anterior surface of contact lens is steeper than the corneal curvature. (Fig 10)
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c.
Helps to classify glaucoma into narrow and open angle types.

2.
Flashlight (shadow) test

a.
Shine flashlight parallel to the iris plane 

b.
Evaluate the depth of the anterior chamber by shadows cast by curvature of the iris (Fig. 11)
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3.
Tonometry and tonography

a.
For screening and followup examinations

b.
To be discussed in detail in Section H

c.
(IOP mmHg) Po = F (rate of sec in ul/min)/C

(facility of outflow) + Pv (episcleral venous

pressure in mmHg)

d.
IOP - Applanation 15.4 mmHg (+ 2.5 mm)

Schiotz 16.1 mmHg (+ 2.5 mm)

> 21 (mean + 2 S.D.) occur in < 2.5% of the normal population

> 24 (mean + 3 S. D.) occur in < 0.15% of the normal population

Ophthalmology - view the fundus with direct (16X magnification = small field of vision) or indirect (4X magnification = large field of vision) ophthalmoscope

a.
Normal disc

b.
Cup/disc ratio - estimate of the ratio of diameter of the optic nerve

cup to the diameter of the disc (optic nerve ) (Fig. 12)

c.
Abnormal disc - glaucomatous cupping: If cup/disc ratio is greater

than 0.5, suspect glaucoma, or if difference between the two eyes is

greater than 0.2 ratio (Fig. 13)
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5.

Visual fields (central fields - 30°) - The increase in intraocular pressure finally affects the blood supply to the optic disc, thereby causing visual field defects. These defects are variations of the nerve fiber bundle defect and the nasal depression (arcuate scotomas). Goldmann visual fields (Fig. 14) compared to the same defect on an automated threshold perimeter (Fig. 15)
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6.
Other diagnostic tests (provocative) - water loading, dark room, pilocarpine, etc.

Newer testing modalities to aid in the diagnosis/treatment of glaucoma:

contrast sensitivity, color vision (100 Hue), blue-yellow perimetry, nerve fiber analyzer, scanning laser polarimetry, molecular genetics, etc.

F.
Primary glaucoma - diagnosis and treatment

1.
Narrow or closed angle - pain, blurred vision, circumciliary injection, haloes, headache, high intraocular pressures (Figs. 16 and 17)
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a.
Medical treatment - miotics (pilocarpine 2%, eserine 0.5%); systemic medications (carbonic anhydrase inhibitor such as Diamox); hyperosmotics (glycerine, mannitol, urea)

b.
Surgical treatment - peripheral iridectomy (surgical iridectomy, laser iridotomy) (Figs. 18 and 19)

2.
Open angle - usually no ocular symptoms but there may be increased intraocular pressure by tonometry or visual field changes. A variant of open angle glaucoma - pigmentary glaucoma is seen most often in young, myopic males in which iris pigment is trapped in the trabecular meshwork, thus decreasing the aqueous outflow.
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a.
Medical treatment

· Topical treatment - Sympathomimetics, e.g., epinephrine

Cholinergics, e.g., pilocarpine

Beta blockers, e.g., timolol

· Oral treatment - e.g., carbonic anhydrase inhibitors (Diamox: systemic side effects include numbness and paresthesias, loss of appetite, renal calculi, depression, refractive changes, and agranulocytosis)

· New topical treatments

· Carbonic anhydrase inhibitor: Dorzolamide (Trusopt)

· Prostaglandin Analog: Latanoprost (Xalatan)

· A2 - adrenergic agonist: Brimonidine (Alphagan), may also

have neuro protective effects

b.
Surgical treatment

· Laser trabeculoplasty (Fig. 20)

· Filtering (surgical) procedures (Fig. 21)

· Seton (valve) procedures

G.
Secondary glaucomas

1.
Treat the cause; primarily due to iridocyclitis, trauma, cataract, hemorrhage, corticosteroids, intraocular tumors, etc.

H.
Screening for glaucoma

L
Age - predominately a disease of maturity (over age 40), with a prevalence of 0.5-8%, depending on age

2.
Family history - primary glaucomas have a strong hereditary tendency

3.
High myopes and patients with pigmentary dispersion syndrome should be screened carefully by tonometry

4.
Tonometry

a.
Digital -historical (Fig. 22)

b.
Indentation (Schiotz) - measured by depth of indentation of the

cornea produced by a given force over a constant area (Fig. 23)
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c. Applanation (Goldmann) - force required to flatten a standard area of cornea 3.06 mm in diameter. Displaces only 0.5 ul versus 15 ul (30X) in indentation tonometry (Fig. 24)
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d.
MacKay Marg electronic applanation - Microscopic Movements of the central ceramic rod activate a transducer sensitive enough to record motion of a few millionths of an inch and record it electronically. (Tono Pen) - miniature version of MacKay Marg

e.
Alcon pneumotomography - applanation used liquified CCl2F2 (dichlorodifluoromethane) gas, now uses compressed air

f.
AO air tonometer - Noncontact applanation is produced by a controlled air pulse linearly increasing force impinging on the cornea. Reichart - (XPERT NCT - Advanced logic non contact tonometer) (Fig. 25)

g.
Hand-held applanation tonometers - Perkins (spring) and Draeger

(electric motor), Tono Pen (strain gauge) Fig. 26

5.
Ophthalmoscopy and visual fields - See Section E4 and E5

6.
Intraocular pressure following PRK procedures

[image: image16.png] 
TAP f l' I

1955 CALIBRATION SCALE FOR SCHIOTZ TONOMETERS Approved by the Committee on Standardization of Tonometers of the American Academy of Ophthalmology and Otolaryngology.
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