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Abstract
Glaucoma is an optic neuropathy characterized by typical damage of the optic 
nerve with gradual atrophy of retinal ganglion cells and visual field defects. The 
goal of glaucoma therapy is to reduce intraocular pressure and reduce daily 
pressure fluctuations. Currently, in the treatment of primary open-angle glauco-
ma in Poland, we use four groups of drugs: β-adrenergic receptor antagonists, 
prostaglandin analogues, α-adrenergic receptor agonists and carbonic anhydra-
se inhibitors. First-line drugs, according to the guidelines of the Polish Ophthal-
mological Society, are prostaglandin analogues/prostamide. When considering 
the addition of a second drug to prostaglandins, brimonidine lowers intraocular 
pressure more strongly than dorzolamide or brinzolamide, similarly as timolol 
does. Drug containing two active substances are as effective as substances ad-
ministered in two separate drops, therefore it is advantageous to use combined 
drug instead of using two different drugs.
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Introduction
Glaucoma is a  neuropathy of the optic nerve that affects 
approximately 2% of the population, mostly those over the 
age of 50. It is characterized by damage to the optic nerve, 
gradual atrophy of retinal ganglion cells, and specific visual 
field defects. Elevated intraocular pressure (IOP) is one of 
the most significant risk factors for glaucoma. Numerous 
risk factors for glaucoma have been described and proven. 
The objective of pharmacotherapy for glaucoma, aimed at 
protecting the optic nerve, is to reduce IOP and minimize 
diurnal fluctuations. However, it is important to note that 
not all patients will experience a reduction in IOP sufficient 
to halt the progression of glaucoma.
Treatment of primary open angle glaucoma (POAG) may 
include:
1. 	 Pharmacological treatment:

•	 topical eye drops containing IOP-lowering drugs
•	 in cases where one type of treatment is insufficient, 

it may be necessary to use a combination of different 
drugs.

2. 	 Laser treatment:
•	 laser trabeculoplasty – improves outflow of aqueous 

humor from the eye, and thus helps reduce IOP.
3. 	 Surgical treatment:

•	 trabeculectomy
•	 drainage implants
•	 microinvasive glaucoma surgery.

4. 	 Lifestyle changes:
•	 avoiding factors that can increase IOP
•	 a healthy diet and moderate regular physical activity.

Drug classes used in the pharmacotherapy of 
primary open angle glaucoma
There are currently several glaucoma preparations available 
on the market, each containing various active substances. In 
Poland, four main groups of drugs are used to treat POAG:
•	 β-adrenergic blockers
•	 prostaglandin analogs
•	 α-adrenergic receptor agonists
•	 carbonic anhydrase inhibitors (RHO kinase inhibitors 

are a new group of drugs available worldwide, but not 
yet in Poland).

Some preparations may contain a single or a combination 
of two active ingredients. Excluding pilocarpine, which is 
no longer used in POAG treatment, the drugs used for the 
longest period of time are timolol (since 1978), dorzolamide 
(since 1994), latanoprost with brimonidine (since 1996), and 
brinzolamide (since 2000). Other active substances have 
only been introduced in the 21st century [1].
Βeta-adrenergic receptor antagonists (β-blockers) inhibit 
the effects of catecholamines by affecting β-adrenergic re-

ceptors. Beta-blockers lower IOP by inhibiting the secre-
tion of aqueous humor from the ciliary body epithelium 
through the inhibition of cyclic AMP production. 
Five β-blockers are used globally to treat glaucoma: beta- 
xolol, carteolol, levobunolol, metipranolol, and timolol. The 
primary representative of this group is timolol, a non-se-
lective antagonist of β-adrenergic receptors, blocking both 
type 1 and type 2 β-receptors. Betaxolol is a cardioselective 
β-blocker, exerting a stronger effect on type 1 β receptors 
and causing less bronchospasm. Carteolol results in a less-
er decrease in blood pressure during nighttime hours. Lev-
obunolol and metipranolol are not available in Poland. The 
use of this combination drug decreases IOP within the first 
hour of administration, and this effect can last for up to 
four weeks after discontinuation of use. 
However, due to the predominance of the parasympathetic 
nervous system during sleep, the effect of these drugs dimi- 
nishes at night. Additionally, once the drug enters the blood-
stream, it can cause systemic side effects and lower IOP in 
the other eye. If the patient is also using β-blockers to treat 
general diseases, the effectiveness of the topical treatment 
may be significantly lower than the standard 20–30% [2, 3]. 
It should be noted that the use of this group of drugs is not 
recommended for individuals with bronchial asthma, ob-
structive lung disease, congestive heart failure, atrioventricu-
lar conduction disorders, or bradycardia. Beta-blockers may 
cause rare side effects, including those related to the respira-
tory and cardiovascular systems, lipid disorders, endocrine 
disorders (such as exacerbation of hyperthyroidism), and 
neurological and psychiatric symptoms. Some side effects 
occur immediately at the beginning of therapy, while others 
may only manifest after prolonged substance use [2, 4]. 
Prostaglandin analogs are the second most important group 
of drugs used to lower IOP. They stimulate prostaglandin 
receptors in the ciliary body, which increases aqueous hu-
mor outflow through the unconventional choroidal-arteri-
al pathway. Connective tissue remodeling and widening of 
the intermaxillary spaces in the ciliary body result in a re-
duction of IOP by approx. 30%. It should be noted that the 
maximum drop in pressure is observed even after nearly 10 
h after infusion. However, it is important to keep in mind 
that some patients may not respond to prostaglandin ana-
logs, which may require a change in medication [1, 2]. 
Prostaglandins act on pro-inflammatory prostaglandin 
(E-type) receptors, which can exacerbate inflammation in 
conditions such as inflammatory glaucoma or neovascular 
glaucoma. Prostaglandin analogs come in the form of esters 
or amides (prostamides), and only the acid form of the drug 
is active. They are typically used once daily in the evening to 
maintain effectiveness. Latanoprost, travoprost, tafluprost, 
and bimatoprost are all effective in reducing IOP. Bimato-
prost is the most effective, reducing IOP by 27–33%, while 
latanoprost and travoprost reduce IOP by about 25–32% 
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and tafluprost by 27–31% [3]. A meta-analysis conducted 
by Stewart et al. also found that bimatoprost was the most 
effective in reducing IOP, even more so than the combina-
tion drug dorzolamide and timolol, which reduced IOP by 
26% [5]. 
The mechanism of action of α-adrenergic receptor agonists 
is to stimulate alpha-2 (α2) adrenergic receptors that me-
diate vasoconstriction, decrease aqueous humor produc-
tion, and increase choroidal outflow. Although their neuro- 
protective effects are possible, there is insufficient scientific 
evidence to confirm this [2, 4].  In Poland, only brimonidine 
eye drops are currently used in Poland to treat glaucoma. 
This substance reduces IOP by nearly 20–30%, with maxi-
mum effect achieved 2 h after infusion [3].
When using brimonidine, it is important to avoid adminis- 
tering it to young children and patients taking tricyclic an-
tidepressants or MAO inhibitors. It is also important to 
monitor the patient’s blood pressure due to brimonidine’s 
strong hypotensive effect. Additionally, fatigue, lethargy, or 
dry mouth may occur during use. It is important to note 
that brimonidine does not lower IOP at night [3].
Carbonic anhydrase inhibitors block carbonic anhydrase 
II, which is involved in the production of aqueous humor 
by the ciliary processes. Inhibition of this enzyme leads to 
a  decrease in the secretion of aqueous fluid, resulting in 
a 15–20% reduction in IOP [3]. It is important to note that 
these pharmaceuticals belong to the sulfonamide deriva-
tive class. Therefore, people who have been diagnosed with  
hypersensitivity to sulfonamides should not use them. 
There are two topical drugs, dorzolamide and brinzola-
mide, available for use, as well as an oral formulation,  
acetazolamide. It is worth noting that an intravenous drug 
is also available in other countries [2].

Pharmacotherapy with a single drug
The objective of anti-glaucoma therapy is to reduce IOP 
to target levels, which are specific to each patient and cor-
respond to the IOP at which disease progression is mini-
mized. This approach aims to maximize the patient’s qual-
ity of life over time. There is no single safe IOP level for all 
patients. However, in early glaucoma, it is recommended to 
plan for an IOP reduction of at least 20%, and in more ad-
vanced stages, the reduction should be even greater. If pro-
gression is observed despite reaching the target pressure, 
a new, lower IOP should be set as the target pressure [4]. 
Thus, the patient’s target IOP should be adjusted during fol-
low-up visits and modified as needed. The Early Manifest 
Glaucoma Trial (EMGT) demonstrated that reducing IOP 
by 1 mmHg can decrease the progression of glaucomatous 
lesions by up to 10% [6]. 
According to the Polish Society of Ophthalmology (PTO) 
guidelines, treatment should be initiated only after con-

ducting all necessary tests, provided that the initial IOP is 
not high and the glaucomatous damage is not severe. Before 
starting treatment, it is crucial to measure the patient’s IOP 
at least once using the best available method, preferably ap-
planation. Monotherapy is the recommended approach at 
the beginning of treatment, and therapy for each eye should 
be planned separately. When selecting a  medication, it is 
important to consider the patient’s well-being, including 
overall safety, minimizing local adverse reactions, patient 
compliance and quality of life, cost of the drug, and the ef-
fectiveness of the drug in lowering IOP [1]. According to 
the PTO, the first-line drugs are prostaglandin analogs and 
prostamides. These should be prescribed after a thorough 
patient history, including general illnesses and medications 
[4]. If the patient has an abnormal tear film or other ab-
normalities in the ocular surface, preservative-free medica-
tions should be considered. 
If the target IOP is not achieved, we should consider chang-
ing the medication or adding a second drug. After initiating 
treatment, it is important to monitor the patient’s IOP. It is 
crucial to monitor not only the IOP but also the patient’s 
tolerance of the drug and potential adverse reactions. 
Prostaglandins are the most potent topical therapies avail-
able for lowering IOP. They are administered once daily in 
the evening and they rarely cause general side effects. La-
tanoprost, bimatoprost, travoprost, and tafluprost are cur-
rently available on the market. In some studies, prostamide 
(bimatoprost) has been demonstrated to lower IOP more 
effectively than other prostaglandin analogs, while in other 
studies, all three clinically used prostaglandin analogs were 
found to be equally effective. 
When considering adding a  second drug to prostaglan-
dins, it is important to note that brimonidine has a more 
potent effect on lowering IOP than dorzolamide or brin-
zolamide [7].

Combination drugs
They contain a combination of different active ingredients, 
often from different drug classes, that act synergistically. 
Combination drugs are used in glaucoma therapy to in-
crease treatment effectiveness and improve patient adher-
ence to medication. It is recommended to consider combi-
nation drugs in the following situations:
1. 	 Ineffectiveness of a single drug – if treatment with a sin-

gle drug does not bring the expected results in con-
trolling IOP, a combination of substances with different 
mechanisms of action can be used.

2. 	 Simplifying the treatment regimen – combination drugs 
simplify treatment regimens by allowing patients to use 
multiple active substances in a  single dose, potentially 
increasing treatment effectiveness and improving pa-
tient compliance.
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3. 	 Minimizing side effects – the components of combina-
tion drugs are selected to minimize side effects while 
achieving maximum efficacy. The use of combination 
drugs results in a lower rate of side effects, reducing irri-
tation of the ocular surface.

4. 	 Reduce the risk of drug interactions – using a single for-
mulation instead of two different drugs can reduce the 
risk of drug interactions. This is because both ingredi-
ents are contained in one formulation.

The following combination drugs are currently available in 
Poland:
•	 prostaglandin analog + β-blocker
•	 α-receptor agonist + β-blocker
•	 carbonic anhydrase inhibitor + β-blocker
•	 carbonic anhydrase inhibitor + α-receptor agonist.

Combination therapy is generally more effective than mono- 
therapy. Formulations that contain two active substances in 
one package are as effective as substances administered in 
two separate preparations. Therefore, it is advantageous to 
use one compound drug instead of two separate drugs. 
The combination of a prostaglandin analog and a β-blocker 
in a single preparation has been shown to improve patient 
adherence to treatment and promote a healthier ocular sur-
face compared to separate preparations. In Poland, there 
are combinations of prostaglandin and prostamide analogs 
available with timolol.
Large-group studies have shown that a  combination of  
latanoprost and timolol is more effective in reducing IOP 
than administering latanoprost once a  day and timolol 
twice a day [8, 9]. In a recently published study, both groups 
had similar mean IOP after 1 and 3 months. However, after 
6 months, the group treated with two separate preparations 
achieved better results with a  mean IOP of 15.0 mmHg 
compared to 16.7 mmHg in the other group [10]. The prev-
alence of the combination drug has also been described for 
travoprost and timolol [11]. The combination formulation 
of bimatoprost and timolol lowered IOP by 0.8 mmHg 
compared to therapy with two separate formulations, but 
treatment with the combination formulation resulted in 
significantly less frequent anterior segment irritation and 
a lower percentage of patients discontinuing therapy [12]. 
Taflotan combined with timolol was more effective in re-
ducing IOP than timolol alone and caused fewer side ef-
fects, such as eye irritation [13]. 
The combination drug containing timolol and brimonidine 
may offer several advantages for treating glaucoma. Timo-

lol is a β-blocker that reduces the production of aqueous 
humor, while brimonidine is a  sympathomimetic that in-
creases the outflow of aqueous humor from the eye. When 
administered together, they have complementary mecha-
nisms of action. The combination of these two substances 
can have a synergistic effect, resulting in more effective IOP 
reduction than using a single drug. 
The combination of brimonidine with timolol administered 
twice daily (one drop into each eye) was found to be more 
effective than monotherapy (brimonidine administered 
twice daily and timolol 3 times daily) over periods of 3 and 
12 months [14]. Additionally, the efficacy of administering 
brimonidine and timolol twice daily was comparable to or 
superior than that of the combination preparation dorzola-
mide with timolol used twice daily [15, 16]. Both combina-
tion drugs were safe and well tolerated. Moreover, brimoni-
dine with timolol also scored higher on the ocular comfort 
test than dorzolamide with timolol. In patients receiving 
combination monotherapy, the reduction in IOP from 
baseline was 7.7 mmHg (32.3%) for brimonidine with tim-
olol and 6.7 mmHg (26.1%) for dorzolamide with timolol. 
Patients taking brimonidine with timolol reported experi-
encing less burning, stinging, and unusual taste compared 
to those taking dorzolamide with timolol [17]. Previous 
studies have reported a comparable reduction in IOP when 
using these two combination drugs [18, 19]. 
Research has shown that using a combination of dorzola-
mide and timolol is more effective in lowering IOP than one 
medication [20]. However, when compared to combination 
therapy with two separate drugs, there was no significant 
difference in IOP reduction [21]. Combination of brinzola-
mide and timolol, as well as dorzolamide and brinzolamide, 
have been shown to reduce IOP more effectively than mono- 
therapy [22, 23].

Conclusions
The study presents therapeutic options for treating primary 
open-angle glaucoma, considering the available prepara-
tions in Poland. The text describes the mechanism of ac-
tion, contraindications, and possible side effects of the four 
main groups of drugs used to treat glaucoma. It presents 
the principles of pharmacotherapy with a single drug, the 
benefits of using a combination preparation, and the indi-
cations for it according to the guidelines of the PTO and 
the European Glaucoma Society, as well as the results of 
scientific studies.
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RYCINA 1

Management scheme for the inclusion of pharmacological treatment of primary open angle glaucoma.

Determining the appropriate target IOP for the patient

Glaucoma suspected

Performing tests, measuring IOP

YES

Inclusion of the drug - prostaglandin/prostamide analogue or β-blocker, α-agonist, 
carbonic anhydrase inhibitor 

Target IOP achieved?

Continuation of therapy Change of the drug

Periodic inspection with IOP meas-
urement and testing 

Target IOP achieved?

Change in target IOP

Progression?
Adding a drug, prefera-
bly a combination drug

NO

YES

YES

NO

NO

Correspondence
prof. Marta Misiuk-Hojło, MD, PhD 
Clinic of Ophthalmology, Medical University of Wroclaw,  
Poland 
50-556 Wrocław, ul. Borowska 213
e-mail: klo@usk.wroc.pl

ORCID 
Mar ta Misiuk-Hojło – ID – http://orcid.org/0000-0002-4020-3203
Mar tyna Tomczyk-Socha – ID – http://orcid.org/0000-0002-1472-4996

References
1. 	T reatment Options. In: Terminology and guidelines for glaucoma. 5th ed. European Glaucoma Society, Publicomm, Savona 2020: 127-56.
2. 	S zumny D, Misiuk-Hojło M. Leki stosowane w leczeniu jaskry. In: Prost M, Jachowicz R, Nowak J (ed). Kliniczna farmakologia okulistyczna. 

Elsevier, Wrocław 2013: 190-207.



12
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n Vo l .  1 1 / N r  1 ( 4 1 ) / 2 0 2 4  ( s .  7 - 1 3 )

3. 	F armakoterapia jaskry. In: Rękas M (ed). Jaskra. Seria Basic and Clinical Science Course. 2nd ed. Edra Urban & Partner, Wrocław 2018: 181- 
-204.

4. 	P olskie Towarzystwo Okulistyczne. Wytyczne diagnostyki i leczenia jaskry (aktualizacja 2022). https://www.pto.com.pl/wytyczne.  
(access: 29.12.2023)

5.	S tewart WC, Konstas AG, Nelson LA et al. Meta-analysis of 24-hour intraocular pressure studies evaluating the efficacy of glaucoma 
medicines. Ophthalmology. 2008; 115(7): 1117-22.e1. http://doi.org/10.1016/j.ophtha.2007.10.004.

6. 	L eske MC, Heijl A, Hyman L et al. Early Manifest Glaucoma Trial: design and baseline data. Ophthalmology. 1999; 106(11): 2144-53. 
http://doi.org/10.1016/s0161-6420(99)90497-9. 

7. 	B ournias TE, Lai J. Brimonidine tartrate 0.15%, dorzolamide hydrochloride 2%, and brinzolamide 1% compared as adjunctive therapy to 
prostaglandin analogs. Ophthalmology. 2009; 116(9): 1719-24. http://doi.org/10.1016/j.ophtha.2009.03.050.

8. 	P feiffer N; European Latanoprost Fixed Combination Study Group. A comparison of the fixed combination of latanoprost and timolol 
with its individual components. Graefes Arch Clin Exp Ophthalmol. 2002; 240(11): 893-9. http://doi.org/10.1007/s00417-002-0553-0. 

9. 	H igginbotham EJ, Feldman R, Stiles M et al.; Fixed Combination Investigative Group. Latanoprost and timolol combination therapy vs 
monotherapy: one-year randomized trial. Arch Ophthalmol. 2002; 120(7): 915-22. http://doi.org/10.1001/archopht.120.7.915.

10. 	Toumanidou V, Diafas A, Georgiadis N et al. Fixed versus Unfixed Combination of Topical Latanoprost/Timolol for Glaucoma: An Obser-
vational Study Investigating the Level of Adherence and Ocular Surface Health. J Clin Med. 2023; 12(9): 3137. http://doi.org/10.3390/
jcm12093137.

11. 	Barnebey HS, Orengo-Nania S, Flowers BE et al. The safety and efficacy of travoprost 0.004%/timolol 0.5% fixed combination ophthal-
mic solution. Am J Ophthalmol. 2005; 140(1): 1-7. http://doi.org/10.1016/j.ajo.2005.02.043.

12. 	Hommer A; Ganfort Investigators Group I. A double-masked, randomized, parallel comparison of a fixed combination of bimatoprost 
0.03%/timolol 0.5% with non-fixed combination use in patients with glaucoma or ocular hypertension. Eur J Ophthalmol. 2007; 17(1): 
53-62. http://doi.org/10.1177/112067210701700108.

13. 	Konstas AG, Katsanos A, Athanasopoulos GP et al. Preservative-free tafluprost/timolol fixed combination: comparative 24-h efficacy 
administered morning or evening in open-angle glaucoma patients. Expert Opin Pharmacother. 2018; 19(18): 1981-8. http://doi.org/ 
10.1080/14656566.2018.1534958.

14. 	Sherwood MB, Craven ER, Chou C. Twice-daily 0.2% brimonidine-0.5% timolol fixed-combination therapy vs monotherapy with timolol 
or brimonidine in patients with glaucoma or ocular hypertension: a 12-month randomized trial. Arch Ophthalmol. 2006; 124(9): 1230-8. 
http://doi.org/10.1001/archopht.124.9.1230.

15. 	Frampton JE. Topical brimonidine 0.2%/timolol 0.5% ophthalmic solution: in glaucoma and ocular hypertension. Drugs Aging. 2006; 
23(9): 753-61. http://doi.org/10.2165/00002512-200623090-00005.

16. 	Razeghinejad MR, Sawchyn AK, Katz LJ. Fixed combinations of dorzolamide-timolol and brimonidine-timolol in the management of 
glaucoma. Expert Opin Pharmacother. 2010; 11(6): 959-68. http://doi.org/10.1517/14656561003667540.

17. 	Nixon DR, Yan DB, Chartrand JP et al. Three-month, randomized, parallel-group comparison of brimonidine-timolol versus dorzola-
mide-timolol fixed-combination therapy. Curr Med Res Opin. 2009; 25(7): 1645-53. http://doi.org/10.1185/03007990902994041.

18. 	Sall KN, Greff LJ, Johnson-Pratt LR et al. Dorzolamide/timolol combination versus concomitant administration of brimonidine and 
timolol: six-month comparison of efficacy and tolerability. Ophthalmology. 2003; 110(3): 615-24. http://doi.org/10.1016/S0161-
6420(02)01900-0.

19. 	Hatanaka M, Grigera DE, Barbosa WL et al. An eight-week, multicentric, randomized, interventional, open-label, phase 4, parallel 
comparison of the efficacy and tolerability of the fixed combination of timolol maleate 0.5%/brimonidine tartrate 0.2% versus fixed 
combination of timolol maleate 0.5%/dorzolamide 2% in patients with elevated intraocular pressure. J Glaucoma. 2008; 17(8): 674-9.  
http://doi.org/10.1097/IJG.0b013e318168f008.

20. 	Boyle JE, Ghosh K, Gieser DK et al. A randomized trial comparing the dorzolamide-timolol combination given twice daily to monother-
apy with timolol and dorzolamide. Dorzolamide-Timolol Study Group. Ophthalmology. 1998; 105(10): 1945-51. http://doi.org/10.1016/
s0161-6420(98)91046-6.

21. 	Strohmaier K, Snyder E, DuBiner H et al. The efficacy and safety of the dorzolamide-timolol combination versus the concomitant ad-
ministration of its components. Dorzolamide-Timolol Study Group. Ophthalmology. 1998; 105(10): 1936-44. http://doi.org/10.1016/
s0161-6420(98)91045-4.

22. 	Kaback M, Scoper SV, Arzeno G et al. Brinzolamide 1%/Timolol 0.5% Study Group. Intraocular pressure-lowering efficacy of brinzola-
mide 1%/timolol 0.5% fixed combination compared with brinzolamide 1% and timolol 0.5%. Ophthalmology. 2008; 115(10): 1728-34, 
1734.e1-2. http://doi.org/10.1016/j.ophtha.2008.04.011.

23. 	Januleviciene I. Brinzolamide 1%/timolol 0.5%: safety and efficacy of a new fixed-combination IOP-lowering product for glaucoma. Curr 
Med Res Opin. 2010; 26(11): 2575-8. http://doi.org/10.1185/03007995.2010.517718.

Therapeutic options in the treatment of open angle glaucoma and their use in accordance with the latest guidelines
M. Misiuk-Hojło, M. Tomczyk-Socha



13
Co p y r i g h t  ©  M e d i c a l  E d u c a t i o n Vo l .  1 1 / N r  1 ( 4 1 ) / 2 0 2 4  ( s .  7 - 1 3 )

Authors’ contributions:
Marta Misiuk-Hojło: idea and design of the study, literature review, analysis and 
interpretation of literature data, critical evaluation of the manuscript, approval of the 
final version of the manuscript.
Martyna Tomczyk-Socha: literature review, analysis and interpretation of literature data, 
writing the manuscript, approval of the final version. 
Conflict of interest:
None.
Financial support:
None.
Ethics:
The content presented in the article complies with the principles of the Helsinki  
Declaration, EU directives and harmonized requirements for biomedical journals.

Therapeutic options in the treatment of open angle glaucoma and their use in accordance with the latest guidelines
M. Misiuk-Hojło, M. Tomczyk-Socha


