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THE REQUIRED MINIMUM OF BASIS SKILLS, WHICH ARE TO BE MASTERED BY FORAIGN STUDENTS STUDDING THE COURSE OF OPHTHALMOLOGY

Student should be acquainted with the following subjects:

· the structure of  the anterior chamber angle;

· the aqueous production and outflow pathways;

· measurement methods of intraocular pressure;

· the classification of glaucoma;

· the clinic picture of different types of glaucoma;

· the principals of glaucoma treatment;

· the symptoms of acute angle-closure glaucoma and first aid.

Student should be able to:

· perform the measurement of intraocular pressure by palpation;

· assess data with Maclacov tonometer;

· assess of the visual field state;

· assess of the optic nerve state;

· diagnose the acute angle-closure glaucoma;

· render the first aid for the acute angle-closure glaucoma.

CONTROL QUASTIONS

1. What are the risk factors for glaucoma?

2. How glaucoma is diagnosed?

3. What are the cardinal symptoms of primary glaucoma?

4. What are the ways of aqueous humor outflow?

5. What is the normal intraocular pressure?

6. What is the difference between clinics of open-angle and angle closure glaucoma?

7. What are the stages of primary glaucoma and degree of IOP compensation?

8. What are the treatment principles for open-angle and angle closure glaucoma?

9. What are the cardinal symptoms of the acute glaucomatous attack?

10. Carry out the differential diagnosis of congenital glaucoma and megalocornea.

11. What are the treatment methods for congenital glaucoma?

Glaucoma is an eye disease in which the optic nerve is damaged in a characteristic pattern (glaucoma optic neuropathy). It is normally associated with increased fluid pressure in the eye (aqueous humour).

The term 'ocular hypertension' is used for people with consistently raised intaocular pressure (IOP) without any associated optic nerve damage. 

Conversely, the term 'normal tension' or 'low tension' glaucoma is used for those with optic nerve damage and associated visual field loss but normal or low IOP. 

Physiology of aqueous production

The ciliary body consists of the anterior pars plicata (2 mm wide) and the posterior pars plana (4 mm wide). The pars plicata bears 70 radially orientated ciliary processes which project into the posterior chamber. Each ciliary process is lined by a pigmented epithelial layer continuous with the retinal pigment epithelium and a non-pigmented epithelial layer continuous with the neurorelina. Each process also has a central arteriole ending in a rich capillary network. Tight junctions between adjacent non-pigmented epithelial cells constitute the blood-aqueous barrier. Aqueous humour is actively secreted by the non-pigmented epithelium as a result of a metabolic process that depends on several enzyme systems, especially the Na+/K+-ATPase pump, which secretes Na+ ions into the posterior chamber. Water follows passively along the osmotic gradient. Carbonic anhydrase also plays a role, but the precise mechanism is uncertain. Aqueous secretion is diminished by factors that inhibit active metabolism such as hypoxia and hypothermia but it is independent of the level of intraocular pressure (IOP). Analysis of the hydrostatic and osmotic pressures across the ciliary epithelium reveals that under normal conditions passive secretion plays little, if any role in the genesis of aqueous humour. 

Aqueous secretion is diminished by the following:

· Drugs such as beta-blockers, sympathomimetics and car​bonic anhydrase inhibitors.

· Cyclodestructive procedures such as cyclocryotherapy and laser ablation.

· Ciliary body shutdown which may be caused by: detach​ment of the ciliary body, inflammation of the secretory ciliary epithelium associated with iridocyclitis and retinal detachment.
Aqueous outflow

1. The trabecular meshwork (trabeculum) is a sieve-​like structure at the angle of the anterior chamber, through which 90% of the aqueous humour leaves the eye. It consists of the following three portions:
a) The uvea1 meshwork is the innermost portion, which consists of cord-like meshes that extend from the root of the iris to Schwalbe line. The inlertrabecular spaces are relatively large and offer little resistance to the passage of aqueous.
b) The corneoscleral meshwork forms the larger middle portion which extends from the scleral spur to Schwalbe line. The meshes are sheet-like and the intertrabecular spaces are smaller than in the uveal meshwork.
c) The endothelial (juxtacanalicular) meshwork is the outer part of the trabeculum which links the corneo​scleral meshwork with the endothelium of the inner wall of Schlemm canal. The juxtacanalicular tissue offers the major proportion of normal resistance to aqueous outflow.
2.  Schlemm canal is a circumferential channel in the perilimbal sclera, bridged by septa. The inner wall of the canal is lined by irregular spindle-shaped endothelial cells which contain infoldings (giant vacuoles). The outer wall of the canal is lined by smooth flat cells and contains the open​ings of the collector channels which leave Schlemm canal at oblique angles and connect directly or indirectly with episcleral veins. 
Aqueous flows from the posterior chamber via the pupil into the anterior chamber, from where it exits the eye by two different routes:

1. Trabecular (conventional) route accounts for approx​imately 90% of aqueous outflow. The aqueous flows through the trabeculum into Schlemm canal and is then drained by the episcleral veins. This is a bulk-flow pressure-sensitive route so that increasing the pressure head will increase outflow. Trabecular outflow can be increased by drugs (miotics, sympathomimetics), laser trabeculoplasty and trabeculotomy.
2. Uveoscleral (unconventional) route accounts for the remaining 10% of aqueous outflow. The aqueous passes across the face or the ciliary body into the suprachoroidal space and is drained by the venous circulation in the ciliary body, choroid and sclera. Uveoscleral outflow is decreased by miotics and increased by atropine, sympathomimetics and prostaglandins. Some aqueous also drains via the iris.
Intraocular pressure
Determining factors:

1.Rate of aqueous secretion.

2.Rate of aqueous outflow, which is in turn related to the resistance encountered in the outflow channels and the level of episcleral venous pressure. The rate of aqueous outflow is proportional to the difference between the intraocular and episcleral venous pressure. 
The distribution of IOP within the general population has a range of 11-21 mmHg. Although there is no absolute cut-off point, 21 mmHg is considered the upper limit of normal and levels above this are viewed with suspicion. However, in some patients glaucomatous damage occurs with IOPs less than 21 mmHg (normal-tension glaucoma), while others remain unscathed with IOPs up to 30 mmHg (ocular hypertension). Although the actual level of JOP is important in the development of glaucomatous damage, other factors also play a part. The level or IOP is inherited so that first-degree relative patients with primary open-angle glaucoma have higher IOPs.
Normal IOP varies with the time of day, heartbeat, blood pressure level and respiration. The pattern of diurnal curve of IOP varies, with a tendency to be higher in the morning and lower in the afternoon and evening. Normal eyes manifest a mean diurnal pressure variation of 5 mmHg: ocular hypertensive or glaucomatous eyes, however, exhibit a wider fluctuation. In normal-tension glaucoma the fluctuations are the same as in normals. A single normal reading, particulary if taken during late afternoon, may therefore be misleading and it may be necessary to take several readings at different times of day (phasing). In clinical practice phasing during the morning hours may be sufficient because 81% of patients peak between 8 and 12 a.m.
Classification.

1.  Open-angle (90%).
2.  Closed-angle glaucoma.

Open angle, chronic glaucoma tends to progress at a slower rate and patients may not notice they have lost vision until the disease has progressed significantly. 

Closed angle glaucoma can appear suddenly and is often painful; visual loss can progress quickly, but the discomfort often leads patients to seek medical attention before permanent damage occurs. 

Once lost, vision can not normally be recovered and so treatment is aimed at preventing further loss. 

Intraocular pressure is a function of production of liquid aqueous humor by the ciliary processes of the eye, and its drainage. Aqueous humor flows from the ciliary processes into the posterior chamber, bounded posteriorly by the lens and the zonules of Zinn, and anteriorly by the iris. 

It then flows through the pupil of the iris into the anterior chamber, bounded posteriorly by the iris and anteriorly by the cornea. From here the trabecular meshwork drains aqueous humor via Schlemm’s canal  into scleral plexuses and general blood circulation. Also there is drainage through  uveoscleral route and iris.

In open angle glaucoma, there is reduced flow through the trabecular meshwork; in angle closure glaucoma, the iridocorneal angle is completely closed because of forward displacement of the final roll and root of the iris against the cornea resulting in the inability of the aqueous fluid to flow from the posterior to the anterior chamber and then out of the trabecular network.

Diagnosis

1) measurements of the intraocular pressure via tonometry, 

2) pachymetry - owing to the sensitivity of all methods of tonometry to corneal thickness, 

3) changes in size or shape of the eye, 

4) anterior chamber angle examination or gonioscopy, 

5) examination of the optic nerve to look for any visible damage to it, or 6) change in the cup-to-disc ratio, rim appearance and vascular change. 

7) the retinal nerve fiber layer can be assessed with imaging techniques such as optical coherence tomography (OCT), scanning laser ophthalmoscopy (GDx) or Heidelberg retina tomography (HRT3),

8) visual field test (kinetic, static) .  

Assessment for glaucoma consists of two branches of tests: structural and functional. Structural analysis investigates glaucomatous changes in the eye's anatomical and physiological properties, whereas functional analysis involves psychometric testing to evaluate how glaucomatous disease has affected the eye's ability to function normally.

Visual acuity reduced by advanced chronic glaucoma damage or acute angle-closure glaucoma.

Ocular examination Slit lamp examination for anterior segment abnormalities associated with glaucoma.

Gonioscopy
The anterior chamber angle assessment – gonioscopy is done by numbing the eye with anesthetic drops and placing a Goldman two- to three-mirror contact lens on the cornea using a viscous contact gel. Gonioscopy allows to visualize the angle structures including the trabecular meshwork. Structures seen on gonioscopy of a normal angle include Schwalbe’s line, scleral spur and trabecular meshwork. The angle is graded according to the number of structures identified on gonioscopy. In POAG, that anterior chamber angle is open and grossly normal. In secondary open-angle glaucoma the angle is open but abnormalities of various types can be seen. In angle-  closure glaucoma, no structures can be seen as the angle is closed.
IOP measurement
The measurement of IOP should be part of any eye examination. Direct measurement of pressure by cannulation of the anterior chamber using manometric techniques is obviously impractical, and so indirect measurements have been devised. These techniques rely upon the determination of the eye’s response to an externally applied force. Tonometers fall into two categories: indentation, in which the amount of corneal or globe deformation in response to an externally applied weight is determined, and applanation, in which the force necessary to flatten a surface area of cornea is determined. In both cases it is the IOP that resists the externally applied force. The Schiotz and Maclacov tonometers are the indentation instruments which measures IOP by registering the depth of indentation of the cornea produced when the instrument, carrying a known weight, is applied to the anesthetized eye. Applanation tonometers have been developed for use both at the slit lamp and handheld, they are the Goldmann tonometer, the Perkins tonometer, the pneumatic tonometer, the Tonopen. Tonometry can be made by the non-contact tonometers. No part of the device touches the eye; it uses a jet of air to applanate the cornea. In the absence of a tonometer estimation can be made by palpation.  Remember, an IOP measurement alone is not enough to establish a diagnosis of glaucoma.
Pachymetry
Pachymetry determines the thickness of the cornea. After the eye has been numbed with anesthetic eye drops (Alcaine 0,5%), the pachymeter tip is touched lightly to the cornea. The central corneal thickness can affect the measurement of intraocular pressure. Thicker corneas may give falsely high eye pressure readings and thinner corneas may give falsely low pressure readings. Furthermore, thin corneas may be an additional risk factor for glaucoma. 

Visual field testing – perimetry
The visual field is measured by instruments called perimeters, which ideally provide an objective, accurate and reproducible assessment of the visual field and its changes over time. Perimeters may be manually operated or automated. Standard visual field testing consists of a white stimulus on a white background (Humphrey or Octopus perimeters). Other recently developed techniques include blue stimulus on a yellow background (SWAP testing), flicker testing, and high pass filtered ring perimetry. The visual field can also be tested with non automated perimeters and can be done by having the patient look straight ahead and count the fingers shown by the examiner from the side.

Optic Nerve Head Examination
Specific optic nerve damage is the hallmark of glaucoma. The state of optic nerve head may be estimated with direct ophthalmoscopy, standard binocular indirect ophthalmoscopy, slitlamp biomicroscopy. The new computer-based techniques has been developed for the optic nerve head examination – scanning laser ophthalmoscopy (HRT), scanning laser polarimetry (SLP), optical coherence tomography (OCT), fundoscopy. All these methods help not just to see the state of the optic disc stereoscopically, optic nerve cupping but allow measuring the thickness of the retinal nerve fiber layer allowing more accurate interpretation of the characteristic glaucomatous changes of the nerve.  

Symptoms and signs

A patient with primary open angle glaucoma (also known as chronic open angle glaucoma) may not notice any symptoms until severe visual damage has occurred. This is because the rise in intraocular pressure and consequent damage occurs so slowly that the patient has time to compensate. In contrast, the clinical presentation of acute angle closure glaucoma is well known, as the intraocular pressure rises rapidly and results in a red, painful eye with disturbance of vision.
Raised intraocular pressure
Most patients with raised intraocular pressure (IOP) are unaware that they have a problem. Raised IOP is detected most commonly through screening as part of a routine eye test by an optometrist. The IOP is determined by the balance between aqueous production inside the eye and aqueous drainage out of the eye through the trabecular meshwork. Each normal eye makes about 2 _l of aqueous a minute—that is, about 70 litres during the course of a lifetime. In a British Caucasian population, 95% of people have an IOP between 10 and 21 mm Hg, but IOP can drop as low as 0 mm Hg in hypotony and can exceed 70 mm Hg in some glaucomas. The rate at which raised IOP causes optic nerve damage depends on many factors, including the level of IOP and whether glaucomatous damage is early or advanced. In general, raised IOPs in the 20-30 mm Hg range usually cause damage over several years, but very high IOPs in the 40-50mm Hg range can cause rapid visual loss and also precipitate retinovascular occlusion.
Haloes around lights and a cloudy cornea
The cornea is kept transparent by the continuous removal of fluid by the endothelial cells. If the pressure rises slowly, this process takes longer to fail. When the pressure rises quickly (acute closed angle glaucoma) the cornea becomes waterlogged, causing a fall in visual acuity and creating haloes around lights (like looking at a light through frosted glass).
Pain
If the rise in pressure is slow, pain is not a feature of glaucoma until the pressure is extremely high. Pain is not characteristically a feature of primary open angle glaucoma.
Visual field loss
Pressure on the nerve fibres and chronic ischaemia at the optic nerve head cause damage to the retinal nerve fibres and usually results in characteristic patterns of field loss (arcuate scotoma). However, this spares central vision initially, and the patient does not notice the defect. Sophisticated visual field testing techniques are required to detect early visual field defects. The terminal stage of glaucomatous field loss is a severely contracted field, because only a few fibres from the more richly innervated macula area survive. Even at this stage (tunnel vision) the vision may still be 6/6.
Optic disc changes
The optic disc marks the exit point of the retinal nerve fibres from the eye. With a sustained rise in IOP the nerve fibres atrophy, leaving the characteristic sign of chronic glaucoma—the cupped, pale optic disc.
Venous occlusion
Raised IOP can impede blood flow in the low pressure venous system, increasing the risk of retinal venous occlusion. 

Enlargement of the eye
In adults no significant enlargement of the eye is possible because growth has ceased. In a young child there may be enlargement of the eye (buphthalmos or “ox-eye”). This tends to occur with raised IOP in children under the age of three years. These children may also be photophobic and have watering eyes and cloudy corneas. 

Primary open angle glaucoma

Primary open angle glaucoma is the most common form of glaucoma and is the third most common cause of registration of blindness in the United Kingdom. The resistance to outflow through the trabecular meshwork gradually increases, for reasons not fully understood, and the pressure in the eye slowly increases, causing damage to the nerve. The level of IOP is the major risk factor for visual loss. There may be other damage mechanisms, particularly ischaemia of the optic nerve head.

Symptoms
Because the visual loss is gradual, patients do not usually present until severe damage has occurred. The disease can be detected by screening high risk groups for the signs of glaucoma. At present most patients with primary open angle glaucoma are detected by optometrists at routine examinations.

Groups at risk
The prevalence increases with age from 0.02% in the 40-49 age group to 10% in those aged over 80. Those with an increased risk include first degree relatives of patients (1 in 10), patients with ocular hypertension (particularly those with thin corneas, larger cup to disc ratios and higher IOPs), people with myopia, and people of African-Caribbean origin (×5 risk in Caucasians). Recently, genetic mutations have been identified that account for 3-4% of primary open angle glaucomas.

Signs
The eye is white and on superficial examination looks normal. The best signs for the purpose of detection are the optic disc changes. The cup to disc ratio increases as the nerve fibres atrophy. Asymmetry of disc cupping is also important, as the disease often is more advanced in one eye than the other. Haemorrhages on the optic disc are a poor prognostic sign. Longer term changes in disc cupping are best detected by serial photography, and the more recently introduced scanning laser ophthalmoscope may be able to detect structural changes in the nerve at an early stage of the disease. Visual field loss is difficult to pick up clinically without specialised equipment until considerable damage (loss of up to 50% of the nerve fibres) has occurred. Computerised field testing equipment may detect nerve fibre damage earlier, particularly if certain types of stimuli such as fine motion or blue on yellow targets are used. Computer assisted field testing is also the best method for detecting long term change and deterioration of visual fields. The classical signs of glaucoma (field loss and optic disc cupping) often are seen in patients who have pressures lower than the statistical upper limit of normal (21 mm Hg). However, many clinicians now feel that these two glaucomas are part of the same spectrum of pressure dependent optic neuropathies, although these patients are sometimes referred to as having normal tension glaucoma. For an accurate measurement of IOP, intraocular pressure phasing, taking multiple measurements throughout the day is useful, so that any spikes can be detected. In normal tension glaucoma there may be a significant component of vascular associated damage at the optic nerve head (ischaemia or vasospasm). Management of progressive normal tension glaucoma involves lowering IOP. Drug induced nocturnal hypotension should be considered in progressive normal tension glaucoma.

Clinical signs of primery open-angle glaucoma
· Asymptomatic until significant loss of visual field has occurred. 

· Also disease is mostly bilateral, progression is often asymmetrical.

· Raised IOP (>21).
· Diurnal fluctuations in IOP(>5).
· Optic disc changes.
· Visual field typical changes.
· Normal open angle showed with gonioscopy. 

Grading of glaucomatous damage

1.  Mild – early visual field defect (Md<-6 dB) + mild cupping.

2.  Moderate – definite arcus scotoma (Md<-12 dB) + moderate thinning of neuroretinal rim.

3.  Severe – extensive visual field loss (Md>-12 dB)  + marked cupping.

4.  End-stage disease – small residual field + minimal residual neuroretinal rim. 

Stages of primery close-angle glaucoma

1.  Latent – prophylactic peripheral laser iridotomy 

2.  Subacute (intermittent) - prophylactic peripheral laser iridotomy 

3.  Aqute congestive
4.  Postcongestive 
5.  Chronic
6.  Absolute 
Acute angle closure glaucoma

Acute angle closure glaucoma is probably the best known type of glaucoma, as the presentation is acute and the affected eye becomes red and painful. In angle closure glaucoma, apposition of the lens to the back of the iris prevents the flow of aqueous from the posterior chamber to the anterior chamber. This is more likely to occur when the pupil is semi dilated at night. Aqueous then collects behind the iris and pushes it on to the trabecular meshwork, preventing the drainage of aqueous from the eye, so the IOP rises rapidly. 

Symptoms
The eye becomes red and painful because of the rapid rise in IOP, and there is often vomiting. Vision is blurred because the cornea is becoming oedematous; patients may notice haloes around lights due to the dispersion of light through the waterlogged cornea. They may have a history of similar attacks in the past that were aborted by going to sleep. During sleep the pupil constricts and may pull the peripheral iris out of the angle. 

Groups at risk
This type of glaucoma usually occurs in longsighted people (hypermetropes), who tend to have shallow anterior chambers and shorter axial length eyes. With increasing age the lens tends to increase in size and crowd the anterior segment structures in these eyes. Women have shallower anterior chambers and live longer and therefore are more at risk of this type of glaucoma.
Signs
Visual acuity is impaired, depending on the degree of corneal oedema. The eye is red and tender to touch. The cornea is hazy because of oedema, and the pupil is semidilated and fixed to light. The attack begins with the pupil in the semidilated position and the rise in pressure makes the iris ischaemic and fixed in that position. On gentle palpation the affected eye feels much harder than the other. Patients often are systemically unwell with nausea, vomiting, and severe pain or headache. If the patient is seen shortly after an attack has resolved, none of these signs may be present, hence the importance of the history.
Management
Emergency treatment is required to preserve the sight of the eye. If it is not possible to get the patient to hospital immediately, acetazolamide 500 mg should be given intravenously, and pilocarpine 4% instilled in the eye to constrict the pupil. The IOP must first be brought down medically, and a hole (peripheral iridotomy) subsequently must be made in the peripheral iris, either with a laser or surgically, in order to restore aqueous flow. The other eye should be treated similarly, as a prophylactic measure. If the treatment is delayed, adhesions may form between the iris and the cornea (peripheral anterior synechiae) and the trabecular meshwork itself may be damaged. A surgical drainage procedure may then be required. Angle closure glaucoma is a very serious condition and even with optimum management the patient may need multiple surgical procedures and have impaired vision. Sometimes laser burns can be made on the iris (iridoplasty) without creating a full thickness hole in the iris. This treatment causes the iris to
contract away from the occluded drainage angle.

Clinical features of acute angle closure crises

· sudden ocular pain, 

· seeing halos around lights, 

· red eye (ciliary congestion), 

· corneal edema,

· very high intraocular pressure (50-100 mmHg), 

· nausea and vomiting, 

· sudden decreased vision, 

· fixed, mid-dilated oval pupil unreactive to both light and accommodation,

· shallow anterior chamber.
Absolute glaucoma (H44.5)

Absolute glaucoma is the end stage of all types of glaucoma. The eye has no vision, absence of pupillary light reflex and pupillary response, and has a stony appearance. Severe pain is present in the eye. 

The treatment of absolute glaucoma is a destructive procedure like cyclocryoapplication, cyclophotocoagulation, or injection of 100% alcohol.

Medication
Prostaglandin analogs, such as latanoprost (Xalatan), bimatoprost (Lumigan) and travoprost (Travatan), increase uveoscleral outflow of aqueous humor. Bimatoprost also increases trabecular outflow. 

Topical beta-adrenergic receptor antagonists, such as timolol and betaxolol, decrease aqueous humor production by the ciliary body. 

Alpha2-adrenergic agonists, such as brimonidine (Alphagan), work by a dual mechanism, decreasing aqueous humor production and increasing uveoscleral outflow. 

Less-selective alpha agonists, such as epinephrine, decrease aqueous humor production through vasoconstriction of ciliary body blood vessels. Epinephrine's mydriatic effect, however, renders it unsuitable for closed angle glaucoma. 

Miotic agents (parasympathomimetics), such as pilocarpine work by contraction of the ciliary muscle, tightening the trabecular meshwork and allowing increased outflow of the aqueous humour. 

Carbonic anhydrase inhibitors, such as dorzolamide (Trusopt), brinzolamide (Azopt), and acetazolamide (Diamox), lower secretion of aqueous humor by inhibiting carbonic anhydrase in the ciliary body. 

Beta blockers

These reduce the production of aqueous humor. Side effects can include low blood pressure, reduced pulse rate, and fatigue. Beta blockers can also cause a shortness of breath in people who have a history of asthma or other respiratory disorders. Additionally, beta blockers can change cardiac activity by decreasing the amount of blood the heart pumps out, which may reduce the pulse rate and/or slow down the heart's response rate during exercise. Rare side effects include reduced libido and depression. They are not suitable for patients who have asthma, bronchitis or emphysema, or patients who have diabetes and use insulin

Carbonic anhydrase inhibitors
These medications, which include dorzolamide (Trusopt), reduce the amount of aqueous humor. Possible side effects include frequent urination and a tingling sensation in the fingers and the toes, but these occur more frequently when a carbonic anhydrase inhibitor is taken orally. If you're allergic to sulfa drugs, this type of medication shouldn't be used unless no alternative is possible, and then only with great care. 

Alpha-adrenergic agents
These reduce the production of aqueous humor. Examples include apraclonidine (Iopidine) and brimonidine (Alphagan). Possible side effects include increased blood pressure; dizziness; red, itchy or swollen eyes; dry mouth; and allergic reactions.   Allergic reactions to these drops are frequent. Blurred vision can also occur. Vision can also be decreased in people who have had cataracts removed. Headaches and burning of the eyes are also common. Cardiac side effects may include rapid heart rate or fluctuations in heart rhythm. 

Prostaglandin analogues
These eyedrops increase the outflow of aqueous humor. These hormone-like substances, which include latanoprost (Xalatan), travoprost (travatan) may be used in conjunction with a drug that reduces production of aqueous humor. Possible side effects include mild reddening and stinging of the eyes and darkening of the iris, changes in the pigment of the eyelid skin, and mild swelling of the central retina (a condition known as cystoid macular edema). 

Prostamides
These include bimatoprost (Lumigan). They increase the outflow of aqueous humor. Possible side effects include mild to moderate reddening of the eyes and itchy eyes.

Miotics
Miotics, such as pilocarpine (Isopto Carpine, Pilocar) increase the outflow of aqueous humor. Possible side effects include pain around or inside the eyes, brow ache, blurred or dim vision, nearsightedness, allergic reactions, a stuffy nose, sweating, increased salivation and occasional digestive problems. 

Epinephrine compounds

These also increase the outflow of aqueous humor. Possible side effects include red eyes, allergic reactions, palpitations, an increase in blood pressure, headache and anxiety. 

Alpha Agonist
These compounds work to both decrease production of fluid and increase drainage.   Side effects can include burning or stinging upon instillation of the eye drop, fatigue, headache, drowsiness, dry mouth and dry nose.

Oral medications
If eyedrops alone don't bring eye pressure down to the desired level we can use an oral medication. Carbonic anhydrase inhibitors, such as acetazolamide and methazolamide, are commonly prescribed oral medications for glaucoma. They are taken with meals to reduce side effects. Possible side effects of carbonic anhydrase inhibitors include rashes, depression, fatigue, kidney stones, lethargy, stomach upset, a metallic taste in carbonated beverages, impotence and weight loss. 

Laser surgery
Laser trabeculoplasty 

Laser trabeculoplasty - an argon laser spot is aimed at the trabecular meshwork to stimulate opening of the mesh to allow more outflow of aqueous fluid. Usually, half of the angle is treated at a time.  How this treatment works is uncertain. It was thought to contract one part of the meshwork, so stretching and opening up adjacent areas, but a more recent hypothesis is that it rejuvenates the cells in the trabecular meshwork. This treatment is used only in the types of glaucoma where the drainage angle is open. Its effect is relatively short term, so this treatment is mainly used for more elderly patients. 

A newer type of laser trabeculoplasty uses a "cold" (nonthermal) laser to stimulate drainage in the trabecular meshwork. This newer procedure, selective laser trabeculoplasty (SLT) uses a Nd: YAG laser, which selectively targets melanin pigment in the trabecular meshwork cells. SLT may be repeated three to four times, whereas ALT can usually be repeated only once. 

Laser iridotomy 

Nd:YAG laser peripheral iridotomy (LPI) may be used in patients susceptible to or affected by angle closure glaucoma or pigment dispersion syndrome. During laser iridotomy, laser energy is used to make a small, full-thickness opening in the iris to equalize the pressure between the front and back of the iris. This procedure can be performed without incising the eye.
Laser iridoplasty 

Argon laser iridoplasty is a useful procedure in some forms of angle closure glaucoma. A ring of laser burns is applied to the peripheral iris, causing contraction of tissue. This pulls the peripheral iris away from the drainage angle and helps to reduce angle occlusion.
Laser cycloablation 

Diode laser cycloablation lowers IOP by reducing aqueous secretion by destroying secretory ciliary epithelium. Lasers can be used to burn the circular ciliary body that produces the aqueous humour. At the correct wavelength the laser radiation passes through the white sclera and is only absorbed by the pigmented ciliary body (transcleral ciliary body cycloablation). This treatment is now commonly performed with a diode laser and usually has to be repeated to maintain lowering of IOP. Most patients undergoing laser ciliary body ablation need to continue medical therapy. Laser destruction of the ciliary body usually is used only in advanced refractory glaucomas or where other surgical options are limited.
Surgical treatment

Surgery was traditionally used only when treatment had failed to halt the progress of glaucoma, but there is some evidence that earlier surgical intervention is beneficial for selected patients.
Iridectomy
Peripheral iridectomy is performed in cases of angle closure glaucoma, both in the affected eye and prophylactically in the other eye. Most of these cases can be treated with the Nd-YAG laser. Surgery is reserved for difficult or refractory cases. When it is not possible to achieve the target IOP with medical (or laser) therapy in glaucoma, then the next line of management is surgical. 

The most effective glaucoma filtration procedure is trabeculectomy. In this procedure a guarded channel is created, which allows aqueous to flow from the anterior chamber inside the eye into the sub-Tenon’s and subconjunctival space (bypassing the blocked trabecular meshwork). A drainage “bleb” (aqueous under the conjunctiva and Tenon’s capsule) can often be seen under the upper lid. Conjunctivitis in a patient with a drainage bleb should always be treated promptly, as there is an increased risk of the infection entering the eye (endophthalmitis).
Possible complications

The main cause of surgical failure is postoperative scarring of the drainage channel and drainage bleb. Scarring can be reduced by using adjuvant antiscarring therapy. Various antiscarring agents are used, including drugs used in anticancer therapy. These are delivered by short applications during surgery to the drainage bed on a sponge or by postoperative injections. The most commonly used drugs are 5-fluorouracil and mitomycin-c. Glaucoma filtration procedures do carry some risk and the patient should be advised of the risk of postoperative cataract and hypotony (low pressure) and the possibility of a reduction in postoperative best corrected visual acuity. Although trabeculectomy remains the gold standard glaucoma filtration procedure, several alternative filtration operations also exist. Non-penetrating deep sclerectomy and viscocanalostomy have good safety profiles but have tended to produce less dramatic reductions in IOP in all published trials. For certain patients with refractory glaucoma, a tube drainage device may be considered. A drainage tube is inserted, connecting the anterior chamber of the eye with a reservoir in the posterior orbit. This has a good chance of controlling IOP, but also has moderately high risk of serious complications.
Pseudoexfoliative glaucoma

In patients with pseudoexfoliative syndrom a grey-white, fibrillo-granular material similar to amyloid produced by abnormal basement membranes of epithelium cells in the trabeculum, iris, ciliary body, equatorial lens capsule is deposited throughout the anterior segment and conjunctive.

· PEX glaucoma – PEX material +/or pigment 

· Exfoliation involves lamellar splitting of the lens capsule secondary to infra-red damage.

· Age – 60
· Unilateral – 50 %. 

Pigmentary glaucoma

The pigment dispersion syndrome – liberation of pigment granules from the iris pigment and their deposition throughout the anterior segment due to mechanical rubbing of the posterior pigment layer of the iris against packets lens zonules as a result of excessive posterior bowing of the mid-peripheral portion of the iris.

· Age – 40.
· Bilateral.
Neovascular glaucoma

Result of iris neovascularization (rubeosis iridis) because of retinal ischemia which produses vasoproliferative growth factors in an attempt to revascularise hypoxic areas.

Causes: ischaemic central retinal vein occlusion 3 month’s after (36 %), diabetes mellitus (32 %)…

Classification: rubeosis iridis, secondary open-angle glaucoma, secondary synechial close-angle glaucoma. 

Secondary glaucoma (H40.3-H40.6)
· Inflammatory glaucoma (Uveitis of all types, Fuchs heterochromic iridocyclitis).

· Phacogenic glaucoma (Angle-closure glaucoma with mature cataract, Phacoanaphylactic glaucoma secondary to rupture of lens capsule, Phacolytic glaucoma due to phacotoxic meshwork blockage,Subluxation of lens).
· Glaucoma secondary to intraocular hemorrhage (Hyphema, Hemolytic glaucoma).

· Traumatic glaucoma (Angle recession glaucoma: Traumatic recession on anterior chamber angle, Postsurgical glaucoma: Aphakic pupillary block, Ciliary block glaucoma).

· Neovascular glaucoma. 
· Drug-induced glaucoma (Corticosteroid induced glaucoma, Alpha-chymotrypsin glaucoma).

· Glaucoma of miscellaneous origin (Associated with intraocular tumors, Associated with retinal detachments, Secondary to severe chemical burns of the eye, Associated with essential iris atrophy,Toxic glaucoma). 

· Inflammatory glaucoma.

Classification

1) angle closure with pupil block – is caused by posterior synechiae extending for 360° (seclusio pupillae) ~ iris bombe ~ periferal anterior synechiae; avoid prostaglandin analogues, pilocarpine); 

2) angle closure without pupil block – deposition of inflammatory debris in the angle ~ subsquent organisation and contraction ~ synechial angle closure; 

3) open angle – in acute uveitis - deposition of inflammatory cells and debris in the angle, acute trabeculitis, prostaglandines; in chronic uveitis – trabecular scarring and sclerosis secondary to chronic trabeculitis;

4) specific hypertensive uveitis syndromes:

     - Fuchs uveitis syndrome – idiopathic, unilateral, chronic, non-granulomatous, anterior uveitis which is resistent to steroid therapy; glaucoma is due to trabecular sclerosis;

     - Posner-Schlosmann syndrome (glaucomacyclitic crisis) – recurrent attacks of unilateral secondary open-angle glaucoma associated with mild anterior uveitis because of acute trabeculitis, affects young adults, IOP – 40-80, treatment: steroids, nonsteroidal AI, aqueos suppressants. 

Lens-related glaucoma
Phacolytic glaucoma (lens protein glaucoma) is a secondary open-angle glaucoma, occurring in association with a hypermature cataract.

Phacomorphic glaucoma is an acute secondary angle-closure glaucoma precipitated by intumescent cataractous lens – iridolenticular contact ~ pupillary block ~ iris bombe.

Childhood Glaucoma

Childhood glaucoma is a group of disorders characterized by improper development of the eye’s aqueous outflow system. Another term for this group of disorders is developmental glaucoma. Most developmental glaucomas are seen in childhood. Infantile glaucoma is any glaucoma occurring during the first several years of life, generally accepted as the first 3 years of life. Juvenile glaucoma is a nonspecific term referring to any type of glaucoma occurring in later childhood or the teenage years.
Childhood glaucoma, in all its forms, occurs in about 1 in 10,000 live births. Primary congenital glaucoma is not a common disease. It is estimated to affect less than 0.05% of ophthalmic patients. Disease is bilateral in 75% of cases. Male gender is found to have a higher incidence of the disease (65%). More than 80% of the cases are evident before the first year of life. It is the most common glaucoma of infancy, presenting as 1 in 30,000 live births. The majority of cases of primary congenital glaucoma are sporadic. An autosomal recessive inheritance is reported in 10% of the cases. There are currently two genetic regions associated with the primary congenital glaucoma—GLC3A and GLC3B. The GLC3A region is on chromosome 2p21.
We can divide childhood glaucoma into three major categories: primary congenital glaucoma, in which the developmental anomaly is restricted to a maldevelopment of the trabecular meshwork; glaucoma associated with other ocular or systemic congenital anomalies; and secondary glaucoma, which includes acquired ocular diseases that can cause glaucoma. Because some developmental glaucomas do not fit in any of the specific syndromes, an anatomic classification has been proposed. Anatomic defects that are apparent on examination, form the basis of this classification. Maldevelopment of the anterior segment may involve trabecular meshwork alone or the trabecular meshwork in combination with the iris and/or the cornea. Identification of the type of anatomic defect helps in determining therapy and prognosis for the infant.
The iris and ciliary body have failed to recede posteriorly, and they overlap the posterior portion of the trabecular meshwork. This appearance is similar to an eye in the seventh or eighth month of gestation rather than at full term.  An anterior insertion of the ciliary body muscle has also been found most specifically. The longitudinal and circular fibers of the ciliary muscle may insert into the sclera spur. The root of the iris may also insert directly into the trabecular meshwork. This malinsertion in the angle leads to blockage of aqueous humor outflow.
The common defect is believed to arise from a developmental arrest during the third trimester of gestation of tissues derived from neural crest cells. The mechanism by which this developmental defect leads to aqueous outflow obstruction, in some cases, may be a paradoxical collapse of the trabecular meshwork and Schlemm’s canal in response to contraction of the ciliary musculatur, although other patients may have additional developmental abnormalities in the aqueous out.
Diagnosis and Differential Diagnosis
The examination and diagnosis of young children can be quite challenging. Childhood glaucoma has different presentations and can coexist with a variety of rare pediatric syndromes and congenital defects. The clinician must be aware of the different presentations of childhood glaucoma and have the knowledge to suspect the possibility of the disease in the absence of symptoms.  Primary infantile glaucoma typically presents with epiphora, photophobia, and blepharospasm. The presentation of congenital glaucoma is seen in children 3 years of age or younger. The parents will often report that the child is constantly tearing, is extremely light sensitive, and squints his or her eyes to avoid the light. These symptoms occur from corneal irritation secondary to epithelial edema caused by increased IOP. Buphthalmos, or “bull’s-eye”–like enlargement of the eye also can occur from the increased IOP and is recognized by an increased corneal diameter and progressive myopia. Buphthalmos occurs in children under 3 years of age because of elasticity and stretching of the ocular tissue. Additional findings include a cloudy cornea with breaks in Descemet’s membrane (Haab’s striae), anisometropic amblyopia, and strabismus.
In contrast to primary infantile glaucoma, juvenile open-angle glaucoma may have no external signs or symptoms. It presents after the age of 3 years and often goes undetected until advanced visual loss has occurred, with decreased central vision or extensive visual field loss. It can be detected early by screening exams if the IOP is measured and the optic nerve is evaluated. Examination of the pediatric patient is often difficult and depends largely on the patient’s age and ability to cooperate. Children older than 4 years of age are usually able to cooperate with slit-lamp evaluation, tonometry, and optic nerve evaluation. Gonioscopy and visual field examination are more difficult to perform on young children, but some are able to cooperate by the age of 5 to 6. By the age of 8 to 10, most children are able to perform automated visual fields and a complete ophthalmologic examination. In the younger pediatric age group (4 years and less), a mild sedative such as chloral hydrate syrup (25 to 50 mg/kg body weight) can be used in the office to perform a slit-lamp examination, applanation, gonioscopy, and fundus examination. This is not always successful, and often general anesthesia is needed to properly evaluate the child.
It is important to remember that most general anesthetics lower the IOP, so this measurement should be obtained as soon as possible once the child is asleep. Ketamine has been known to raise the IOP. 

It is important to know that not all childhood glaucomas have presenting symptoms, but one can make the diagnosis by clinical signs and evaluation. Increased IOP, corneal edema, increased corneal diameter, iris and corneal anomalies, gonioscopic anomalies, refractive errors, and optic disc cupping are key elements when making a diagnosis of childhood glaucoma. Normal IOP in children is slightly lower than in adults, but 20 mm Hg can be considered the upper range of normal. A pressure of 20 mm Hg or higher should alert the physician. The cornea should be examined by slit-lamp biomicroscopy for the evidence of corneal edema. Haab’s striae or breaks in Descemet’s membrane can be seen in congenital glaucoma as a result of increased IOP. The corneal diameter should be measured. This is best evaluated by using calipers and measuring the horizontal diameter. The normal cornea diameter in infants is 9.5 to 10.5 mm, reaching 12 mm by adulthood. The iris and cornea should be inspected for anomalies. This will help in the later classification of the type of childhood glaucoma. Developmental anomalies of the iris and cornea are not seen in primary infantile glaucoma, and if present should raise the suspicion of glaucoma associated with congenital anomalies. Gonioscopy can be evaluated by the Koeppe, Goldmann, or the four-mirror hand-held lens. The iridocorneal angle differs in childhood from that in adulthood. The angle is open but the trabecular meshwork is a smooth, homogeneous membrane extending from the peripheral iris to Schwalbe’s line. As the child ages the trabecular meshwork increases in pigmentation and becomes coarser.
Treatment and Management

The treatment for congenital glaucoma is surgical. Medical therapy alone is not sufficient in lowering the IOP in children. The main surgical procedures of choice remain goniotomy, trabeculotomy, or trabeculectomy, with or without antimetabolites. 
Goniotomy requires direct visualization of the trabecular meshwork with a surgical goniolens. Agoniotomy knife is then inserted 1 mm anterior to the limbus through clear cornea. The blade is passed through the anterior chamber 180 degrees from the initial entry site. The blade is then used to incise one-third of the chamber angle. The incision is aimed at the abnormal layer of tissue in front of the trabecular meshwork. If the initial goniotomy procedure fails, repeat goniotomy may be needed. Goniotomy has both an advantage and disadvantage. The advantage is that it preserves conjunctiva if future surgery is needed, but the disadvantage is the need for a clear cornea to visualize the trabecular meshwork.
The trabeculotomy creates a direct communication between the anterior chamber and Schlemm’s canal. The surgery involves creating a conjunctival flap similar to that performed in a filtering procedure. A partial-thickness limbal based scleral flap approximately  3× 3 mm is then dissected. A radial incision is then made at the sclerolimbal junction until Schlemm’s canal is entered. This can be identified by agush of aqueous humor or blood. A trabeculotome is then inserted into Schlemm’s canal and rotated so the arm tears through the trabecular meshwork and enters the anterior chamber. The trabeculotome is then inserted in the other direction and the same procedure is performed. The angle is opened 180 degrees with this technique. The advantage to the trabeculotomy is that direct visualization of the trabecular meshwork is not needed, and if Schlemm’s canal cannot be identified, the procedure can be converted into a trabeculectomy. 

The trabeculectomy procedure performed is the same in children and adults. There has been recent interest in a combined trabeculotomy and trabeculectomy as the initial procedure in uncomplicated congenital glaucoma. 
There has been recent discussion as to whether anti-metabolites should be use in the pediatric population in hopes of increasing the long-term patency of the filter. It is well known that trabeculectomy can fail in the pediatric population and is contributed to a thick Tenon’s layer and aggressive healing in children. Tube-shunt procedures are considered in the pediatric population in children with glaucoma refractory to medical and previous surgical intervention. Other surgical procedures are performed in childhood glaucoma in situations where the above have failed or are not indicated. These procedures include tube-shunt surgery, with the use of valved and nonvalved implants; cyclocryoablation; cyclophotocoagulation; and ciliary-body endophotocoagulation.
The best surgical choice for the initial treatment of congenital glaucoma is the technique that is most comfortable for the surgeon. Goniotomy is usually reserved for children of age 3 and under. Goniotomy and trabeculotomy are the first-line procedures in congenital glaucoma at a large referral center where the surgeons are experienced with these techniques. 
The child must be followed carefully to ensure that the glaucoma is stable and not progressing. Once the child is stable, examination can be performed every 6 months. Many of these children require glaucoma medication, and the child must be watched to avoid systemic manifestation of the drugs. When using a beta-blocker, a complete history must be obtained, paying special attention to cardiac disease and a history of asthma. Pilocarpine can cause myopia and may be very difficult to tolerate, especially for children of school age.
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Structurally-logic chart of the glaucoma
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