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INTRODUCTION
Glaucoma is the leading cause of irreversible blindness throughout the world. WHO statistics shows that glaucoma is now the second leading cause of blindness globally after cataract.[1] More than 80 million people worldwide will be affected by glaucoma by 2020.[2] Glaucoma is a progressive neurological disease of the retina characterized by optic nerve head remodeling, loss of optic nerve axons, and loss of retinal ganglion cells. Being asymptomatic, chronic and incurable disease, the glaucoma by it’s very nature encourage non-compliance. The pathophysiology of open angle glaucoma includes a progressive decrease in the number of retinal ganglion cells when nerve fibers at the point where optic nerve exits, eye become pinched and die. This condition leads to thinning and progressive enlargement of optic nerve cup. The loss of nerve fibers causes a permanently decreased visual field.[3] Although family history, ethnicity, and age increase the chances of glaucoma, but the most important and only treatable risk factor for open angle glaucoma is an elevated intraocular pressure (IOP).[4,5] Primary open angle glaucoma (POAG) is defined by 3 criterias which are firstly, an IOP consistently above 21 mmHg in at least one eye. Secondly, an open, normal appearing anterior chamber angle with no apparent ocular or systemic abnormality that might account for elevated IOP. Thirdly, typical glaucomatous visual field and or optic nerve head damage.[6]
IOP is the only treatable risk factor for open angle glaucoma.[7] Pharmacologic treatment options to lower intraocular pressure are the current first-line therapy for the most common of the glaucoma subcategories, including primary open-angle glaucoma. Various drug classes for medical treatment of POAG include alpha-2 agonists (brimonidine), Beta blockers (timolol, betaxolol, levobunolol), topical carbonic anhydrase inhibitors (dorzolamide, brinzolamide), miotic agents (pilocarpine), oral carbonic anhydrase inhibitors (acetazolamide), prostaglandin analogs (travoprost, latanoprost) and prostamides (bimatoprost). In most patients with glaucoma, beta blockers are the treatment of initial choice. However, in almost 50% of the patients treated with beta-blockers alone adequate reponse is not seen. Therefore, there is a need for new class of topical IOP lowering agents that can be used alone or with beta blockers.[8]
This was an open, randomized,cross over clinical study. Brimonidine is a selective alpha2-adrenergic receptor agonist and selectivity for alpha2-over alpha1-adrenergic receptors is up to 1780-fold. After topical instillation, brimonidine reduces IOP within 1 hour, and the peak effect occurs at 2–3 hours after dosing.The trough effect occurs at 10–14 hours after dosing. Brimonidine is usually instilled twice daily and no additional IOP lowering is provided at morning trough with tid versus bid. Brimonidine has a dual mechanism of IOP lowering: it reduces aqueous humor production and stimulates aqueous humor outflow through the uveoscleral pathway. On short-term brimonidine treatment the predominant mechanism is inhibition of aqueous production, whereas the predominant effect of chronic treatment is stimulation of aqueous humor outflow through the uveoscleral pathway.[9]
Dorzolamide is a first topically active carbonic anhydrase inhibitor (CAI). It is a potent and specific inhibitor of human carbonic anhydrase II, a predominant isoenzyme in the ciliary process which plays an important role in transfer of sodium carbonate and fluid in the aqueous humour. Thus inhibition of carbonic anhydrase II slows local bicarbonate production, decreasing sodium and fluid transport bringing about a subsequent decrease in aqueous humour production and lowering IOP.

Therapeutic decisions for glaucoma therapy must be taken with due consideration to the cost of drug along with the efficacy and safety. It is no longer enough that an intervention is clinically effective; it needs to be cost - effective as well if we are to make the most of our finite resources. Understanding the importance of cost-effectiveness, the idea of our study is to update the knowledge of ophthalmologists’ regarding the cost-effectiveness of treating glaucoma with dorzolamide and brimonidine.
MATERIAL AND METHODS
Study Design
This was an open, randomized, cross over clinical study, conducted in the Department of Pharmacology in association with Department of Ophthalmology at Government Medical College and Rajindra Hospital, Patiala. Subject recruitment was done from the ophthalmology outpatient department of the teaching hospital. All the study related documents were approved by the institutional Ethics committee and the study was conducted in accordance with ICMR guidelines for biomedical research on human subjects and the declaration of Helsinki.

Inclusion criteria

Adult subjects of either sex, in the age group of 25 to 70 years and clinically documented cases of Unilateral or bilateral primary open angle glaucoma diagnosed by tonometry and gonioscopy with corrected visual acuity 20/40 or greater and no history of ocular trauma were included in the study. The eye included in the study should have IOP >22mmHg.

Exclusion Criteria

Female patients who were pregnant or lactating or cases of any corneal pathology, with ocular infection, with history of allergy to the drugs or patients who were taking drugs which can cause increase or decrease in IOP other than those used in the study or patients having history of any intraocular surgery or argon laser trabeculoplasty (ALT) within six months prior to study were excluded. Randomization of subjects who fulfilled the selection criteria was done using computerized random number list.
Sample Size
30 newly detected cases attending the outdoors of Department of Ophthalmology, Govt. Medical College/ Rajindra Hospital, Patiala were enrolled in this study. All the particulars of the patients were noted, detailed history was taken and clinical examination was done and noted on proforma. There were 15 males and 15 females in 30 patients. Out of 30 patients, 16 patients had their right eye as the study eye while 14 patients had their left eye as the study eye. The age of patients was in the range of 40-70 years with a mean of 57.33±7.539 years. 
Study sequence
The total duration of the study was 3 months. Patients were randomised to instill one of the study drugs for 4 weeks. After a wash out period of 4 weeks during which period no drug was given to the patients. The patients were crossed over to other study drug for another 4 weeks. The 4 weeks washout period was decided after literature search. Most of the studies with dorzolamide and brimonidine were carried out with a washout period of 4–6 weeks.[10,11,12]
During the study, patient visited the hospital on the Day 0 (visit 1), Week 2(visit 2) and week 4(visit 3). Clinical examination visual acuity, Intraocular pressure and Ophthalmoscopy were performed at the screening and on the subsequent visits. During the study period, subjects were not allowed to take any other systemic antibiotic or indigenous medicines for any medical or surgical cause. Bronchodilators like beta 2 agonists (salbutamol, levosalbutamol) by inhalational route, anticholinergics, theophylline derivatives and anti-inflammatory agents like inhalational corticosteroids were allowed. Best corrected visual acuity was done with a Snellen's chart and recorded as decimal notation, 6/6 = 1, 6/9 = 0.7, 6/12 =0.5, 6/24 =0.25. Visual acuity was done on all the visits. Examination of lids, adnexa and lacrimal apparatus was done using diffuse light. Biomicroscopy of anterior segment was done using Carl Zeiss slit lamp to note any abnormality especially regarding conjunctival hyperemia. Direct Ophthalmoscopy and slit lamp biomicroscopy with 78D lens was done to assess cup disc ratio (CD ratio) on all visits. Goldman applanation tonometer was used to measure intraocular pressure. The Goldmann applanation tonometer is a variable force applanation tonometer and works on the principle of constant area applanation. It determines the amount of force required to flatten an area of cornea 3.06 mm in diameter.[13] Throughout the study patients were monitored for ocular and systemic safety parameters. Patients were queried about side effects of drugs like burning, stinging, foreign body sensation or ocular pruritus. 
Cost-effectiveness analysis

The cost effectiveness was calculated, and the two interventions were compared on the basis of amount needed to treat the patient. Initially for both medications, one day cost was calculated by dividing the cost of one bottle by total number of drops in a bottle and multiplying by number of drops required daily. Thereafter, 4 weekly and yearly costs of both drugs were calculated.[14]
RESULTS
Efficacy of both drugs was compared by measuring IOP lowering effect of brimonidine and dorzolamide. Statistical analysis was done using unpaired t test. Absolute fall in IOP with brimonidine and dorzolamide was 6.066±2.377 mmHg and 5.433±2.582, equivalent to a percentage reduction in IOP 24.69% and 22.42% at 4 weeks respectively. There was no statistically significant difference in IOP lowering efficacy between two groups at 4 wks (p>0.05). 
The number of drops per bottle, the number of drops/ml and overfilling/ underfilling of bottles were as shown by Table 1. Thus, brimonidine had more drops/ml than dorzolamide. In our study, we found treatment with dorzolamide to be costlier than brimonidine with daily costs for each eye, Rs. 10.20 and Rs. 3.88 respectively. The yearly costs for the drugs per eye were Rs. 1416.2 and Rs. 3723 for brimonidine and dorzolamide respectively.[15] (Table 1) Cost-effectiveness that is cost/mm Hg of IOP reduction was calculated as cost of drug for 4 weeks divided by IOP lowering at 4 weeks. Brimonidine was found to be more cost-effective than dorzolamide. (Table 2).
There was no change in cup disc ratio and visual acuity in both the groups during the study.The tolerability and safety evaluation was based upon self-reported adverse events on case record forms. Most of the adverse effects were ocular or periocular and mild in severity and did not warrant discontinuation of therapy. Dorzolamide was associated with more frequent stinging and burning. While Brimonidine was associated with more frequent dry eye. Conjunctival hyperaemia is seen with Brimonidine only, while photophobia is seen in dorzolamide only.

Table 1: Cost analysis of brimonidine and dorzolamide.

	S. No.
	Drug
	Mentioned volume in ml*
	Measured volume in ml*
	Percentage overfill (+) or underfill(-)
	Mean drops/ml**
	Cost per year in Rs.

	1.
	Brimonidine
	5
	4.86 ± 0.15
	-2.8 ± 2.93
	29.79 ± 1.44
	1416.2

	2.
	Dorzolamide
	5
	4.84 ± 0.14
	-3.2 ± 2.93
	28.25 ± 1.64
	3723


*ml:millilitre, **drops/ml:drops per millilitre

Table 2: Cost effectiveness of brimonidine and dorzolamide at 4 weeks.

	S.No
	Drug
	Diff.±SD in IOP

(mmHg)* at 4 weeks
	Percentage reduction in IOP at 4 weeks
	Cost of IOP reduction at 4 weeks (Rs.)
	Cost effectiveness

(Cost in Rs. per mmHg IOP Lowering)

	1.
	Brimonidine
	6.066±2.377
	24.69
	108.64
	12.90 - 29.50

	2.
	Dorzolamide
	5.433±2.582
	22.42
	285.6
	35.60 - 100.20


*mmHg: millimetre of mercury
DISCUSSION
The results of this study proved that brimonidine (0.2%) is therapeutically comparable to dorzolamide (2.0%) in cases of POAG, both in terms of efficacy and safety. After a 4 week treatment with brimonidine (0.2%) and dorzolamide (2.0%) the mean IOP lowering was 6.066±2.377 mmHg and 5.433±2.582 equivalent to a percentage reduction in IOP 24.69% and 22.42% at 4 weeks respectively. The difference was statistically insignificant (p>0.05). The result of present study were very much consistent with study done by Sharpe et al. in 2004 as well as with another study done on glaucoma by Whitson et al.[16,17]
Drug manufacturers have devised many different ways to minimize the wastage of eye drops, like overfilling of the bottles, medication dispensing mechanisms, bottle design and administration techniques. Therefore many preparations which despite being cheaper, but due to large drop size, they may end up being less cost effective. The dispensing angles, and viscosity of the medication are the other factors that may influence drop size.[18] The maximum retail price (MRP) of an anti glaucoma agent is just one of the various factors to consider when choosing a medication for a patient. The products with higher actual volume, smaller drop size; hence, the larger number of drops/ml may in reality cost less.[19] The cost effectiveness for brimonidine in the present study was calculated for the study period of 4 weeks and cost/mm Hg lowering found to be in the range of Rs. 12.90 - 29.50 /mm Hg and Rs. 35.60 - 100.20 /mm Hg for brimonidine and dorzolamide respectively. Another study showing comparison of cost effectiveness of bimatoprost and brimonidine by Natt et al showed the cost effectiveness of brimonidine as Rs. 13.96 ± 2.86/mm Hg which is very similar to our study.[19] In the present study, cost effectiveness of brimonidine was Rs. 12.90 - 29.50 /mm Hg.
CONCLUSION
In a country like India, the goal of eye care providers is to give the best, most cost-effective care to their patients taking into consideration efficacy, safety and pharmacoeconomic aspect of the drugs. Brimonidine could serve as a more cost - effective alternative to dorzolamide for POAG/ ocular hypertension. Further studies with greater sample size may be required to generalize the results.
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ABSTRACT





A Comparison of cost effectiveness of brimonidine (0.2%) versus dorzolamide (2.0%) in primary open angle glaucoma or ocular hypertension. In this open, randomized, cross over comparative study, 30 subjects of primary open angle glaucoma with IOP > 22 mmHg were taken. The patients fulfilling the inclusion criteria and after verifying the exclusion criteria were included in the study after a written informed consent. These subjects were randomized to receive brimonidine (0.2%) TDS or dorzolamide (2.0%) TDS for 4 weeks. After a wash out period of 4 weeks the subjects were crossed over to other therapy. The IOP was measured after dosing at each baseline and at the end of each treatment period. Monotherapy with brimonidine (0.2%) TDS and dorzolamide (2.0%) TDS given for 4 weeks had caused overall reduction in IOP of 5.833+2.102mmHg (23.48%) and 5.433+ 2.582mmHg (22.42%) respectively at peak levels. The difference is statistically insignificant (p>0.05). Overall monotherapy with brimonidine with Rs. appears to be more cost effective compared to dorzolamide with Rs. 12.90 - 29.50 /mm Hg and Rs. 35.60 - 100.20 /mm Hg IOP lowering efficacy respectively.
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