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Introduction 

Glaucoma is an ocular condition the essential features of which are represented by disor-

ders of the aqueous circulation, leading to intraocular pressure (IOP) values which are 

usually higher than the norm. These IOP values, either on their own or together with 

other factors, cause degenerative phenomena of the nerve fibers at the head of the optic 

nerve, causing mainly perimetric sensory deficiency [1]. According to the World Health 

Organization (WHO), glaucoma is the cause of blindness in 4.5 to 5 million people in the 

world. Its prevalence rises with age, from ca. 2.4% in people over 40 to more than 7% in 

people over 75; there is no clear difference in prevalence between men and women [2,3]. 

Glaucoma can be congenital or acquired. Acquired glaucoma can be classified further as 

either closed-angle or open-angle. This classification is based on the process by which 

the outflow of aqueous humor is obstructed. Glaucoma can also be primary or secon-

dary, depending on the presence or absence of associated factors, which have contrib-

uted to the pressure rise. In primary glaucoma the rise of the IOP is never associated to 

with other ocular disorders, while in secondary glaucoma a recognizable factor, either 

ocular or not, distorts the outflow of aqueous humor which, consequently, determines a 

rise of IOP [4]. Elevated IOP (>21 mmHg) is the main risk factor for glaucoma; other risk 

factors include markedly fluctuating IOP, myopia, a family history of glaucoma, a thin 

cornea, and other associated ocular pathologies, such as the pseudoexfoliation syn-

drome [2,3,5]. Epidemiological studies have shown that the risk of glaucoma rises by 

12% with every 1 mmHg rise in IOP [6]. 

 

Diagnostic criteria 

In the last few years the redefinition of the relationship between IOP and glaucoma has 

progressively and radically changed the approach of the eye specialist towards this dis-

ease. Indeed, for specialists themselves, providing a precise diagnostic definition is still 

a challenge. The measuring of IOP, the biomicroscopic evaluation of the optic nerve and 
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SUMMARY 

Glaucoma is an eye disorder in which the optic nerve suffers damage, permanently im-

pacting vision in the affected eyes and progressing to complete blindness if left un-

treated. It is often, but not always, associated with increased pressure of the aqueous 

humor in the eye. Due to its seriousness it is important to develop a therapeutic plan 

which is based on reducing the intraocular pressure. It is essential to evaluate the clinical 

situation of the patient affected by glaucoma correctly, in order to choose the most ap-

propriate treatment for their condition. The aim of this study is to investigate current 

treatments for glaucoma and describe the new therapeutic approaches still being tested. 
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the peripapillary nerve fibers and the ex-

amination of the visual field carried out 

with the conventional perimetric technique, 

are still the most important aspects in the 

diagnosis of glaucoma. The IOP is gener-

ally measured with applanation tonometry, 

which was introduced by Goldman in 

1945/55. In this technique the cornea is 

topically anesthetized, its opex is 

“flattened” with a measuring head and the 

applied force necessary to deform it is 

taken as an index from which the IOP can 

be derived. The measured value depends 

not only on the examiner, but also on the 

biochemical properties of the cornea, in-

cluding its thickness. The newer tonomet-

ric techniques include rebound tonometry, 

which does not require anesthesia of the 

cornea and dynamic contour tonometry, 

which is more cumbersome but less sus-

ceptible to inaccuracy resulting from the 

properties of the cornea. Goldman ap-

planation tonometry is still considered the 

standard technique [5]. The variation of the 

biomicroscopy of the optic nerve and the 

peripapillary nerve fibers depend on the 

severity and the stage of the disease. The 

main signs to be investigated are: in-

creased excavation of the papilla, loss of 

the neuretinal fissure, relationship between 

fissure-disk, relationship between excava-

tion-disk, changes in the blood vessels 

internal to the optic nerves. 

 

Current Therapies 

Multi large-scale randomized studies have 

most convincingly shown, that local treat-

ment – either medical or surgical – lowers 

the IOP and protects the visual field to a 

statistically significant extent in primary 

chronic open-angle glaucoma, normal-

pressure glaucoma and ocular hyperten-

sion [2, 7-9]. In the stepwise treatment 

Algorithm recommended by European 

Glaucoma Society (EGS), pharmacological 

reduction of the IOP is the first stop, fol-

lowed by laser surgery of the trabecular 

meshwork and (filtering) glaucoma surgery 

[10]. 

 

Medical therapy 

The choice of the drug to use depends first 

not only on the kind of glaucoma but also 

on the anamnesis of the patient (for in-

stance the presence of asthma or bradycar-

dia). Therefore, it is necessary to have an 

extensive knowledge of the potential side 

effects of each kind of drug [11]. The fam-

ily of beta-blockers is so called because of 

their capacity to occupy the beta-

adrenergic post-synaptic receptors of the 

ciliary body, which are not available for the 

stimulant action of the adrenergic neuro-

transmitters, adrenalin (Epinephrine) and 

noradrenalin (norephinephrine). They are 

able to reduce IOP from 20% to 25% [12]. 

The progenitor of this family is timolol 

followed by betaxolol, levobunolol, carte-

olol and metipranolol. Their half-life is 

about 12 hours. They can produce ocular 

side effects (rare allergies, puntate kerato-

pathy and reduced production of the lach-

rymal film), and systemic side effects 

which tend to appear during the first week 

of intake (bradycardia, hypotension, bron-

chospasm, sleep disorders, depression, 

reduction in libido, hallucination, fatigue, 

confusion, etc.). For this reason these 

drugs have to be avoided in patients with 

congestive heart failure, second or third 

grade heart failure, bradycardia, asthma 

and obstructive diseases of the respiratory 

tract. It is most important not to take beta-

blockers before going to bed because they 

cause a sharp decrease in blood pressure 

while the patient is sleeping, reducing the 

perfusion of the optic nerve and causing 

visual deterioration [4]. These drugs are 

topical inhibitors of carbonic anhydrase 

and inhibit the action of the enzyme car-

bonic anhydrase of the epithelial cells of 

the ciliary body; however, their mechanism 

of action is still being discussed, as there 

is some conflicting scientific evidence [1]. 

The progenitor molecule is acetozolamide 

followed by dorzolamide and brinzolamide. 

The hypotonic result of acetozolamide is 

40% but it doesn’t cause significant hypo-

tonic effects until its dosage inhibits at 

least 98% of the enzyme activity. For this 

reason, and also due to the fact that this 

molecule is given systemically, it causes 

many side effects, for example: kidney 

stones, polyuria, nicturia, gastric and intes-

tinal disorders, diarrhea, hypokalemia, 

acidosis, paraesthesias, etc. Due to the 

presence of so many side effects concern-

ing acetozolamide, two other molecules 

have been developed, dorzolamide and 

brinzolamide in collyrium (without side 

effects due to the systemic administration). 

The two molecules are able to reduce IOP 

from 20% to 25%. The side effects associ-

ated with the topical administration are: 

sensation of bitter aftertaste and allergic 

conjunctivitis, while the systemic side 
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effects are absent. In addition, it must not 

be forgotten that these drugs must be 

used cautiously in patients with corneal 

endothelial dysfunction, as they can cause 

decompensation [4]. However, it is impor-

tant to point out the positive side effects 

on arterial circulation meaning that they 

can be used in order to better the circula-

tion of the head of the optical nerve. The 

effectiveness of this treatment in improv-

ing the evolution of the glaucoma, still has 

to be proved by clinical study [1]. Parasym-

pathomimetic drugs work by stimulating 

the muscarinic receptors of the papillary 

sphincter and the ciliary body. One such 

drug, pilocarpine, has been known since 

the second half of 19
th

 century as a drug 

capable of reducing IOP, but today, due to 

its important ocular side effects: myosis 

serrata, accomodative spasm, decrease in 

the anterior chamber, “pseudo-traction” 

effect on the retinal periphery and 3-4 

administrations per day, it has been dis-

carded in favour of more effective and 

better tolerated drugs. For this reason, 

mostly pilocarpina is used with beta-

blockers, as an alternative carbachol is 

used as it has fewer side effects. Both 

molecules, pilocarpine and carbachol have 

the capacity to reduce IOP by around 20%. 

The analogous of prostaglandin (PGA) are 

the class of drugs which are most effective 

in lowering IOP, as they have the capacity 

to reduce it by around 33% [12]. The ad-

vantages offered by this class of drugs are: 

a very short systemic half-life, and there-

fore a very low rate of systemic side ef-

fects; prolonged pressure-lowering effect, 

pressure reduction through improved 

outflow (uveoscleral and trabecular), and 

application only once a day, usually in the 

evening (compliance) [5]. The molecules 

which are available nowadays are latano-

prost, travoprost and bimatoprost. Among 

the side effects are hyperpigmentation of 

the iris (in 50% of patients) [13], especially 

on green-brown iris and, in addition, a 

high percentage of patients can develop 

hypertrichosis, conjunctival hyperemia and 

sensation of a foreign body. The risk of 

cystaid macular edema (water deposition 

in the middle of the retina, impairing cen-

tral visual acuity) due to PGA treatment is 

uncertain as far as can be determined from 

current data. If macular edema develops 

under PGA treatment, an attempt should 

be made to discontinue the treatment. In 

the author’s personal experience, how-

ever, the risk of macular edema is not so 

high so as to necessitate the discontinua-

tion of PGA before intraocular surgery. A 

recently published retrospective study 

supports our opinion [5,14]. It should be 

noted that these drugs are contraindicated 

in pregnancy because studies on animals 

have proved potential teratogenic effects. 

Symphatomimetic drugs work through two 

mechanisms: both through lowering the 

production of aqueous humor and increas-

ing the outflow of aqueous humor. They 

both inhibit the release of norephinephrine 

from the terminal neuron which usually 

stimulates the production of aqueous hu-

mor and they reduce the haematic flow by 

vasoconstriction of ciliary arteries (a hy-

pothesis which still has to be verified in 

the literature) [1]. This class of drugs in-

cludes clonidine, apraclonidine and bri-

modine. They have the capacity to reduce 

IOP by 25% [12]. Clonidine at 0.125% pre-

sents features of lipophilia and, for this 

reason, it has the capacity to enter the 

central nervous system and cause many 

side effects, for example: marked systemic 

hypotension and bradycardia. At an ocular 

level it leads to a transient conjunctival 

hyperemia, which is followed by a lasting 

vasoconstriction. Aproclonidine is a deri-

vate of clonidine, from which it differs due 

to its lower lipid solubility which prevents 

it from easily passing through the blood-

brain barrier. Moreover, its hypotonic ef-

fect obtainable with concentrations at 0.5% 

and 1% and it is even more marked (25%) 

and long lasting than clonidine’s effect. 

Brimodine is a highly selective agonist α-2. 

Moreover, it has been shown to have a 

direct neuroprotective effect on the gan-

glion cells [1]. It has only ocular side ef-

fects such as allergic conjunctivitis and 

uveita granulomatous anterior. Finally, the 

last class of drugs, asthmatic agents, are 

used when a temporary drop of IOP is 

needed, which cannot be obtained by other 

means (for example, in the acute narrow-

angle glaucoma, or before an intraocular 

surgery, when IOP is very high). Glycerol, 

isosorbide and mannitol are usually used. 

They can cause: cardiovascular overload, 

urinary retention, headache and mental 

confusion. 

 

Laser therapy 

Laser treatment plays an important role in 

glaucoma therapy; it can be used both in 

open-angle glaucoma and angle-closure 
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glaucoma and when it is necessary to in-

duce an atrophy of the ciliary body. We can 

both increase the trabecular outflow (with 

Argon-laser or Yag-laser) and expand the 

iris-corneal-angle (gonioplasty with Argon-

laser) creating a by-pass between the ante-

rior and posterior chamber (iridotomy with 

Yag-laser or Argon-laser). Moreover, it is 

also possible to obtain an atrophy of the 

ciliary body (ciclophotocoagulation with 

Yag-laser or Argon-laser). The trabecu-

loplasty with Argon-laser involves the ap-

plication of small burns at the trabecular 

level in order to help the outflow of aque-

ous humor and thereby lower IOP. While 

Yag-laser is a relatively new procedure 

using a 532 nm frequency, it provides the 

necessary energy to selectively act on the 

pigment of the trabecular cells, preserving 

the unpigmented cells and the structure. 

Laser trabecularplasty reduces the IOP by 

no more than 5-6 mmHg, a much smaller 

amount than filtration surgery [15]. In 

general this technique is being used in 

patients who do not tolerate the medical 

therapy, patients who have an IOP no 

higher than 25 mmHg and senior patients. 

Gonioplasty is the treatment of photoco-

agulation of the extreme iris periphery 

which leads to a retraction and a tissue 

atrophy which follows an angle expansion. 

It is indicated where there is a narrow-

angle due to pupillary block (“a plateau 

iris”) glaucoma or in cases of monophthal-

mia. Iridotomy is a continuous solution 

which connects the anterior chamber with 

the posterior one. Usually it is used with 

eyes characterized by a pupillary block 

which has caused the angle closure. Ciclo-

photocoagulation lowers IOP destroying 

part of the secreting ciliary epithelium, in 

this way it lowers the production of aque-

ous humor. However, nowadays this tech-

nique is under discussion because of its 

serious side effects; indeed, in 10% of the 

cases it causes chronic hypotonicity in 18% 

of the cases a total loss of visual acuity, 

scleral attenuation, corneal decompensa-

tion, detachment of the retina and choroid, 

pain and inflammation of the anterior seg-

ment, emovitreo and sympathetic ophthal-

mia [16]. 

 

Surgical therapy 

Surgical therapy is recommended when 

medical therapy is not appropriate, or not 

tolerated, not effective or inadequately 

used by the patient. For these reasons 

glaucoma becomes uncontrolled with pro-

gressive damage. Trabeculectomy creates 

an artificial outflow, thanks to which aque-

ous humor flows out from the anterior 

chamber into the subconjuctival space, 

creating the so called “ filtering swelling”, 

helping the reabsorption of aqueous hu-

mor by the tissue and the conjunctival 

vessels. This is the first choice operation 

for patients suffering from glaucoma for 

whom medical therapy or laser-therapy has 

failed. The studies that have been carried 

out regarding this surgical technique have 

highlighted a decrease in IOP or values 

which does not exceed 20 mmHg [17,18]. 

However, the most important and frequent 

post-operative complications are: marked 

hypotone, hypo/a-hypothalamy, detach-

ment of choroid (serous or haemorrhagic) 

and hypertone. However, the local intra-

operating application of mitomycin o 5-

fluororacil is important in trabeculectomy 

[19]. These two compounds inhibit fibro-

blastic activity and so they ensure a better 

operative outcome. However, the applica-

tion of these two kinds of drugs is not free 

from post-operative risks, as a small per-

centage of patients, 1% - 1.5%, can develop 

secondary endophthalmitis [20]. Trabecu-

lotomy and gonioctomy are two techniques 

which are mostly used to treat congenital 

glaucoma. The choice between the two 

treatments depends on the corneal trans-

parency, for gonioctomy to be effective a 

good corneal transparency is necessary 

and, often, it must be repeated more than 

once. This technique involves a superficial 

incision at about the midpoint of the trabe-

culate, in the angle opposite the entry 

point. Trabeculotomy consists of the inser-

tion of a sharp tool in Schlemm’s channel 

(trabeculotomo), which after a rotation 

towards the anterior chamber, tears the 

trabeculate, in this way eliminating the 

resistance to the outflow [21]. Neither 

technique is free from complication as they 

can both be associated with hypoema and 

damages to the crystalline of the iris and 

ciliary body. The draining implants are 

prostheses of plastic material which allow 

communication between the anterior 

chamber and the space under the capsule 

of Tenon. They consist of a tube placed in 

the anterior chamber which is being 

drained and a filtration plate implanted on 

the sclera between the extraocular mus-

cles. Some of these implants contain a 

valve sensitive to pressure to regulate the 
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outflow of aqueous humor. Many clinical 

studies have been carried out comparing 

the patients treated with draining implants 

to patients treated with other surgical 

techniques. However, the results do not 

show significant differences, only that 

more post-operative dressings are used in 

the patients treated with draining implants. 

The complications are: excessive drainage, 

bad positioning, sclera and conjunctive 

erosion, obstruction of the pipe by vitre-

ous, blood and iris tissue with following 

failure to drain and finally, encystment of 

the swelling [5,18]. 

 

Conclusions 

Even though the perceived role of IOP in 

the pathogenesis and diagnosis of glau-

coma has changed significantly, lowering 

IOP levels remains the principal therapeutic 

instrument in the care and management of 

sick people. In most cases the first choice 

option remains medical therapy; however, 

an accurate evaluation of the individual 

features of each patient (risk factors, func-

tional state, pressure goal, compliance, 

tolerability, etc.) is required in order to 

reach the final aim of the therapy, which is 

to preserve the visual function of the pa-

tient, minimizing the side effects of the 

treatment and maintaining health and 

quality of life. The new options in the sur-

gical treatment of glaucoma are consid-

ered an improvement (in security and effi-

ciency) of the filtering procedures leading 

to the development of surgery without 

swelling. The improvement of classic filter-

ing procedures is surely important through 

the use of Ex-press, sutures releasable by 

the sclera door and glues for the closure of 

the conjunctiva. Instead, surgery without 

swelling includes procedures which can act 

both by increasing the outflow of aqueous 

humor from the anterior chamber and by 

lowering of the production of aqueous 

humor. Among the first ones cicloablation 

could have a new lease on life, not being 

kept anymore for preterminal cases as a 

result of the introduction of new tech-

niques. The procedures which increase the 

outflow from the anterior chamber are 

more interesting: among them are the 

procedures which try to restore the outflow 

from Schlemm’s channel (channelplastic 

[22], I-stent [23], traboctome [24]) and 

others which divert the aqueous to the 

suprachoroidal space (y-pass). A very im-

portant characteristic of these operations 

is that they are carried out through a cor-

neal microtunnel, via gonioscopy, drasti-

cally lowering the complications and the 

post-operative recovery. Moreover, thanks 

to this approach the upper quadrants of 

the bulbar conjunctiva remain intact, not 

precluding a possible further filter surgery. 

Forecasting the future, it is possible to 

hypothesize an algorithm of surgical treat-

ment, depending on the invasiveness of 

the treatment itself, which first tries to 

reactivate the outflow channels by gonio-

scopy, and secondly, involves the insertion 

of a shunt suprachoroidal (always by go-

nioscopy), thirdly, filter surgery, and, fi-

nally, a drainage implant in case of failure. 
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