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ABSTRACT 
 
Despite advances in our knowledge of the aetiology and pathophysiology of glaucoma, 

the sole proven, effective intervention for treating primary open angle glaucoma 

(POAG) and ocular hypertension (OHT) remains lowering of intraocular pressure (IOP) 

to prevent further progression and visual loss. The purpose of this review is to evaluate 

the treatment choices available to newly diagnosed POAG and OHT patients. We review 

the existing literature on current treatments available for newly diagnosed POAG and 

OHT patients and discuss their role in the treatment paradigm of POAG and OHT. We 

also consider different factors that may be important when offering a choice of 

treatment to newly diagnosed POAG and OHT patients. We describe new glaucoma 

treatments in development and future directions for treatment. 

 

  



INTRODUCTION 
 
Glaucoma is a progressive multifactorial disease characterised by damage to the optic 

nerve. It is the second leading cause of blindness worldwide and it is predicted by 2020, 

close to 80 million people will have the disease, the majority affected by primary open 

angle glaucoma (POAG) (1). POAG is strongly associated with elevated intraocular 

pressure (IOP) but may also occur with IOP in the normal range. Certain individuals can 

have elevated IOP without detectable glaucomatous damage. These individuals are at an 

increased risk of developing POAG and are referred to as having ocular hypertension 

(OHT).  

 

Despite advances into our knowledge of the aetiology and pathophysiology of POAG, the 

current mainstay of glaucoma treatment remains lowering of IOP to prevent further 

progression and visual loss. In this review we discuss different factors that may be 

important to consider when offering a choice of treatment to newly diagnosed POAG 

and OHT patients and describe new glaucoma treatments in development and future 

directions for POAG and OHT treatment. 

 

 

 

 

AIMS OF TREATMENT 
 
The aim of glaucoma treatment is to slow or stop disease progression and preserve 

patients’ vision related quality of life for the duration of their lifetime.  

 



IOP is the sole modifiable risk factor proven to alter the disease course in glaucoma (2). 

Several clinical trials have demonstrated the benefit of IOP lowering in preventing the 

development of POAG and slowing disease progression.  

 

The Ocular Hypertension Treatment Study (OHTS) (3) randomised patients with OHT to 

treatment versus no treatment. At the end of 5 years follow-up, 4.4% of patients in the 

medication group vs 9.5% in the untreated group developed signs of glaucoma. The 

Early Manifest Glaucoma Trial (EMGT) (4) randomised early POAG patients to 

treatment (laser trabeculoplasty + topical beta blocker) versus no treatment. After a 

median follow-up of 6 years, progression was less frequent in the treatment group 

(45%) compared to in the control group (62%). More recently, the United Kingdom 

Glaucoma Treatment Study (UKGTS) demonstrated that POAG patients treated with IOP 

lowering medication were less likely to demonstrate visual field progression at 24 

months compared to those treated with placebo (hazard ratio 0.44; 95% confidence 

interval, 0.28-0.69; p=0.0003), confirming that IOP lowering was associated with 

alteration of the disease course and reduced visual field progression (2). Furthermore, 

these studies demonstrated that the degree of IOP lowering influences disease 

progression. The EMGT study estimated that each 1 mmHg reduction in IOP reduced the 

risk of disease progression by approximately 10% (5). 

 

IOP lowering has also been shown to be effective in delaying disease progression in 

glaucoma patients without elevated IOP, a condition known as Normal Tension 

Glaucoma (NTG). In the Collaborative Normal Tension Glaucoma Study (CNTG), 140 

patients with NTG received IOP-lowering medical or surgical treatment in one eye. At 

the study endpoint, there was a slower rate of incident visual field loss in cases that 



achieved IOP lowering of 30% or more from baseline IOP compared to untreated fellow 

eyes(6). 

 

Current management strategies recommend IOP lowering toward a target IOP, where 

the rate of disease progression is slowed sufficiently to avoid functional impairment 

from the disease (7). Target IOP for an individual eye is established from pre-treatment 

IOP levels, the severity of visual field loss, risk factors for progression, life expectancy 

and potential for adverse effects from treatment (8). In general, the initial target IOP 

aims for a 20-50% reduction from baseline IOP. This must be continuously re-evaluated 

however during follow-up and adjusted depending on treatment effect & disease 

progression.  

 

Despite IOP lowering being the mainstay of POAG/OHT treatment, IOP is not the only 

risk factor for OHT and POAG disease progression. Optic nerve damage and visual field 

loss can still occur in spite of normal IOP or previous IOP lowering. This is evident from 

NTG patients, as well as eyes that demonstrate disease progression (visual field loss or 

disc damage) whilst at target IOPs. Several risk factors associated with POAG have 

already been identified including age, ethnicity, family history, thinner central corneal 

thickness and myopia (9). The exact mechanism of how some of these factors are 

associated with disease pathogenesis is still to be fully determined, but with increasing 

evidence that POAG may not solely be an IOP related disease, greater research into 

alternative/adjunctive treatment strategies for POAG (unrelated to IOP lowering) such 

as neuroprotection is also taking place (10).  

 

  



FACTORS TO CONSIDER IN CHOICE OF TREATMENT 
 
IOP lowering can be achieved by medication, laser or surgery (either alone or in 

combination). Prior to initiating any treatment, it is imperative that the treating 

clinician and patient discuss in detail the relative risks and benefits of the treatment 

being offered such that the patient is fully informed. Several factors need to be 

evaluated when considering potential treatment options.  

 

The clinician may need to consider patient-related disease specific factors including 

glaucoma severity (degree of visual field loss, severity of visual field loss, one eye vs. 

two eye involvement), degree of IOP lowering required as well as evaluate what 

treatments (if any) have been utilised and been effective until that point. The patients’ 

concurrent systemic co-morbidities (e.g. asthma, COPD, cardiac arrhythmias) and 

allergies or intolerances should also be considered, as these may limit the use of certain 

treatments e.g. the relative contraindication of topical beta blocker usage in asthma or 

COPD patients. The clinician can then (utilising both their own clinical experience and 

consultation and critical appraisal of the relevant scientific literature or clinical 

guidelines pertinent to the patient’s disease) tailor the treatment discussion and 

recommendations appropriately using an evidence based medicine approach (11).  

 

The patients’ own awareness of their condition and their treatment preferences should 

also be explored and established, such that the decision to opt for a specific treatment is 

a joint one between clinician and patient. The family history of glaucoma and its 

severity may also shed light on the likely outcome, but is essential to explore for the 

impact it inevitably has on a patient’s fears and expectations. Patient education and 

informed participation in treatment decisions has been shown to improve treatment 



compliance (12). This is particularly crucial for effective management of glaucoma, 

since it is a chronic and progressive disease requiring lifelong monitoring (i.e. regular 

clinical attendance) and treatment (i.e. regular instillation of topical medication if 

indicated). Socio-economic factors can also influence treatment compliance. Studies 

from the USA have shown disparities in utilisation of eye care services among different 

racial minorities. Socio-economic deprivation and differences in access to healthcare 

have been implicated as contributory to this (13, 14). The likelihood of patient 

compliance to a particular treatment plan needs to be thus carefully judged, with 

appropriate adjustment if required. 

 

Clinicians may also increasingly consider patient reported outcome measures (PROMs) 

of different treatments as part of any treatment decision-making process. Greater 

emphasis on patient-centred care in glaucoma has led to the increasing utilisation of 

PROMs in glaucoma research (15-17). PROMS are a series of standardised and validated 

questions that are self-reported by patients to assess their own perspective on the 

impact of the disease and treatment on their own health status, health related quality of 

life (HRQL) and functioning (18). This information is important to clinicians as it 

provides feedback on the care provided and can also be used to assess patient judged 

effectiveness of different treatments. 

 

A final consideration in treatment choice is treatment cost. Treatment of glaucoma and 

OHT imposes a significant cost burden on healthcare systems (19) and availability of 

certain treatment modalities in different healthcare settings may be influenced by cost. 

Studies have used various economic modelling techniques to compare costs of different 

treatment modalities against one another. Several have demonstrated the cost benefit of 



laser trabeculoplasty as a primary treatment for glaucoma compared to conventional 

medical treatment (19-23) in different healthcare settings. Within a UK NHS setting, a 

recent study has demonstrated the cost-effectiveness of using primary SLT in 

treatment-naïve OAG or OHT patients vs topical medication at 36 months (17). Cantor 

et al used Markov modelling to compare the treatment costs of uncontrolled glaucoma 

treated with either further medications, SLT followed by further medications or surgery 

(24). They found the 5-year cumulative costs per patient were $6571, $4838 and $6363 

in the medication, SLT and surgery arms, respectively. Other studies have modelled the 

cost-effectiveness of surgical interventions including trabeculectomy or tube surgery vs 

medication (25) and MIGS procedures vs medication or SLT (26, 27). 

 
  



CHOICE OF TREATMENT 
 
As described previously, IOP lowering can be achieved by medication, laser or surgery 

(either alone or in combination). 

 

Medication 
Topical IOP lowering medications have long been the primary POAG treatment and 

widely used, with approximately 1.2 million prescriptions being issued per month in the 

UK (28).  

Several classes of medication are used to lower IOP in glaucoma. The prostaglandin 

analogues reduce IOP by increasing the outflow of aqueous humour, primarily through 

the uveoscleral pathway (29). They have also been shown to activate matrix 

metalloproteinases (MMPs), which remodel extracellular matrix within the TM and 

reduce outflow resistance, allowing the aqueous humour to flow out via this route (30). 

In general, prostaglandins became the first line of medical treatment because of their 

IOP lowering efficacy, once daily application & minimal systemic side-effects. 

Prostaglandins have been reported to achieve between 25-33% IOP reduction from 

baseline IOP(31). In a systematic review comparing the effectiveness of different first 

line medications for POAG, prostaglandins were found to be the most efficacious in 

terms of mean IOP reduction at 3 months (bimatoprost 5.61mmHg (4.94, 6.29); 

latanoprost 4.85mmHg (4.24, 5.46); travoprost 4.83mmHg (4.12, 5.54) (32). Ocular 

side-effects include gradual irreversible darkening of the iris in a small percentage of 

patients due to an increase in melanosomes (33). Other side-effects include increased 

growth and hyperpigmentation of eyelashes, conjunctival hyperaemia, loss of 

periorbital fat & periocular skin pigmentation (8). 



Beta blockers are also widely used & reduce aqueous humour secretion. They can 

achieve between 20-25% IOP reduction from baseline IOP (31) and have been shown to 

be slightly inferior to prostaglandins in terms of mean IOP reduction at 3 months (32). 

They can cause systemic cardiovascular (bradycardia, hypotension) and respiratory 

side effects (bronchospasm), especially in the elderly (34) as well as other side effects 

such as depression, nightmares, impotence, loss of libido and reduced exercise 

tolerance. Consequently, they have to be used with care and their use may be limited in 

patients with asthma or chronic obstructive pulmonary disease. 

 

Carbonic anhydrase inhibitors reduce aqueous secretion and are used in both topical 

and oral forms in the treatment of glaucoma. They can achieve between 15-30% IOP 

reduction from baseline IOP, with the oral form (e.g. acetazolamide) being more 

effective at IOP lowering than topical forms (eg. dorzolamide, brinzolamide) but also 

being associated with the risk of greater systemic side effects (31).  Potential systemic 

side effects of oral carbonic anhydrase inhibitors include depression, anorexia, 

gastrointestinal disturbance, paraesthesia, kidney stones and serum electrolyte 

disturbance. Patients with pre-existing renal impairment, blood dyscrasias (e.g. sickle 

cell disease, thrombocytopenia, aplastic anaemia), kidney stones and sulphonamide 

allergy may have a relative contra-indication to oral carbonic anhydrase inhibitor use 

and care must be taken in such patients (31). 

 

The 2 adrenergic agonists reduce secretion of aqueous humour initially and then 

primarily increase aqueous outflow (35). They can achieve 20-25% IOP reduction from 

baseline IOP (31). Topical 2 adrenergic agonists are associated with allergic 



conjunctivitis, can cause sedation, and have the potential for systemic sympathomimetic 

activity.  

 

Cholinergic agonists (e.g., pilocarpine) increase aqueous outflow through the trabecular 

meshwork and can achieve between 20-25% IOP reduction from baseline (31). They 

can have substantial ocular side-effects, in particular blurring of vision due to the small 

pupil and induced myopia, which now largely restrict their use to short-term and very 

limited situations. .  

 

Whilst a single topical medication may be adequate in the initial stages of treatment for 

a newly diagnosed POAG or OHT patient, frequently a combination of topical 

medications may eventually be required. This may take the form of a medication switch 

(to an alternate class of medication) or the addition of further medication to a pre-

existing treatment regime and could be due to a multitude of reasons including side 

effect intolerance, inability to achieve target IOP or need to for greater IOP lowering. In 

a previous retrospective analysis of 16,486 glaucoma patients using a prostaglandin, 

approximately 30% required adjunctive medication within 12 months(36). Fixed 

combinations of IOP lowering medications have been shown to be more effective than 

monotherapy with the individual components in terms of IOP lowering whilst offering 

the potential advantages of enhanced convenience, improved adherence, reduced 

exposure to preservatives and possible lower cost (37). A possible disadvantage of fixed 

combination medications is that there is no option for adjusting the strength of 

individual medications within the combination and the IOP lowering of fixed 

combinations often being less than if the two combined medications were given 

together but separately in accordance with their individual dosing schedules (38). 



 

Whilst topical medications are effective, there are several potential pitfalls associated 

with their use. As already discussed, a significant proportion of patients require more 

than one type of drop, with a third of patients in the UK using more than one 

medication. In addition, as glaucoma is a chronic and progressive disease, instillation of 

medication becomes a lifelong commitment, with patient compliance therefore 

becoming essential for successful management. Studies show however that patient 

compliance with topical medication can be variable (39, 40), with reported non-

compliance rates ranging from 24% to 80% depending on definition (39-42) and up to 

half of patients started on glaucoma treatment discontinuing eye-drops by six months in 

one study (43). 

 

There are several reasons for potential poor compliance. Drops are expensive, with side 

effects that limit acceptability and impair HRQL (44). Long-term topical medications are 

often associated with pain on instillation & can cause multiple ocular and systemic side 

effects. Their use requires regular monitoring and frequent adjustment, with 

approximately 22% of changes to drop regimes being due to adverse reactions (45). In 

addition, glaucoma patients are frequently elderly and may have other co-morbidities 

which may reduce their ability to take medication such as diminished cognition, poor 

hearing, and arthritis of their hands. Long-term drop use has also been shown to be a 

strong risk factor for later surgical treatment failure, due to conjunctival fibroblast 

activation by medications or preservatives (46, 47). 

 

  



Medications in Development 
 
Newer medical treatments are in development. Most of these are IOP lowering 

treatments with new mechanisms of action, better efficacy, tolerability and 

convenience. 

 
Trabodenoson is a highly selective adenosine-1 receptor agonist. It upregulates MMP-2 

expression in the TM, resulting in remodelling of the extracellular matrix, thus lowering 

outflow resistance and enhancing aqueous humour outflow (48). In a phase 2 RCT, 

topical trabodenoson was compared against placebo and achieved a mean change of 

4.1mmHg from baseline whilst being well tolerated (49). However, in a phase 3 trial vs 

placebo, there was no significant difference in IOP lowering between groups. 

 

Netarsudil is a Rho-kinase (ROCK) inhibitor and norepinephrine transporter inhibitor 

(50). It has been shown to cause IOP lowering through several mechanisms. Primarily, it 

causes relaxation within the TM and contraction of the ciliary muscle, leading to an 

increase in aqueous humour outflow through the TM (51). It also decreases aqueous 

production and decreases episcleral venous pressure(52, 53). Different studies have 

assessed its efficacy alone (54) and in combination with existing medications such as 

latanoprost (55). Despite a short follow up duration, they have demonstrated non-

inferiority to currently available treatments but side effects such as conjunctival 

hyperaemia in a high proportion of patients was noted. 

 

Latanoprostene Bunod (LBN) is a modified prostaglandin analogue which has a dual 

mechanism of action. Upon topical administration into the eye, it is hydrolysed by 

endogenous esterases into latanoprost acid, the active component of latanoprost, and 



butanediol mononitrate, which breaks down into nitric oxide (NO) and inactive 1,4-

butanediol (56). Latanoprost acid increases aqueous outflow through the uveoscleral 

pathway (29), whilst NO causes relaxation within the TM and increases aqueous 

outflow through the TM and Schlemm’s canal (57). Several phase 3 studies have 

evaluated LBN (58-60) and found it to be more effective at IOP lowering than topical 

beta blocker at 3 months whilst maintaining a similar safety profile to other 

prostaglandin analogues. 

  



Laser 
 
Laser trabeculoplasty (LT) is a laser treatment modality which reduces IOP and is 

increasingly being used worldwide. Argon laser trabeculoplasty (ALT) was the first 

version of LT developed in 1979 (61). IOP reduction was mediated by an increase in 

aqueous outflow, confirmed by both tonographic and aqueous dynamic studies (62, 63). 

Subsequently, selective laser trabeculoplasty (SLT) that uses much loer energy 

exposures with minimal permanent tissue damage has superseded ALT to become the 

principal laser treatment modality for IOP lowering.  

 

First introduced by Latina & Park in 1995, SLT uses a 532nm Q switched, frequency 

doubled Nd:YAG laser that is able to deliver a short laser pulse duration (3 

nanoseconds). It satisfies the dual criteria required for selective photothermolysis, 

preventing heat dissipation outside of pigmented TM cells and thus causing less 

collateral damage as a result (64). Similar to ALT, SLT has been demonstrated by 

tonographic and aqueous dynamic studies to increase aqueous outflow through the TM 

(65-67), mediated by changes in gene expression, cytokine secretion, matrix 

metalloproteinase induction and TM remodelling (68-71). Importantly, SLT does not 

cause the same level of structural damage as ALT. Histopathological comparisons of 

human eyes that have undergone ALT vs SLT have shown lesser damage to the TM in 

SLT eyes, with no evidence of coagulative damage or disruption of the corneoscleral or 

uveal trabecular beam structure (72). 

 

Since SLT received FDA approval in 2001, it has increasingly been adopted into clinical 

practice (73). The clinical benefits are clear; the procedure is quick, outpatient based 



with minimal recovery time and a good safety profile. In addition, SLT avoids the 

multitude of side-effects and compliance issues associated with topical medication.  

SLT has been investigated in various clinical scenarios ranging from as a primary 

treatment in newly diagnosed POAG/OHT patients (17, 74-77), to as an adjunctive 

treatment in patients on concurrent medical therapy(78, 79). Most studies investigating 

IOP lowering using SLT in newly diagnosed POAG/OHT patients have done so by 

comparing its efficacy against topical medication (21, 80). Nagar et al performed a RCT 

where 40 newly diagnosed OHT or POAG patients were randomised to receive either 

3600 SLT or 0.005% latanoprost (81). SLT was found to decrease IOP by 4.7mmHg on 

average (95% CI, 3.6 to 5.7mmHg; p<0.01) with a similar reduction achieved from 

latanoprost. There was no difference in treatment success at last follow up (4-6 months) 

between groups (p=0.4) and both were found to reduce daily IOP fluctuation. A 

different study by the same group demonstrated that IOP lowering and success rates 

were equivalent between 3600 SLT and latanoprost treatment groups, but not 900 and 

1800 SLT treatment groups (75). In a meta-analysis of 4 RCTs and one prospective non-

randomised trial comparing SLT with medication (82), evaluation of IOP reduction 

showed no significant difference in IOP reduction compared to medication (weighted 

mean difference 0.6mmHg, 95% CI, -0.24 to 1.43mmHg). In a comparison of the 

proportion of patients achieving target endpoint IOP at follow up end point, the 

difference in success rates between the SLT group and medication group was also not 

statistically significant (pooled OR 0.84, 95% CI, 0.42 to 1.68).  

 

Since SLT causes minimal structural TM damage, repeat SLT treatment has also been 

studied and considered feasible in suitable patients requiring further IOP reduction (83-

89). With regards to safety and tolerability, SLT has been shown to be relatively safe 



and well-tolerated with low complication rates (90). Most of the complications 

associated with SLT are transient and self-limiting. These include anterior chamber 

inflammation (90), IOP spikes (91), transient corneal endothelial changes or stromal 

haze (92, 93) and retinal changes including cystoid macular oedema (94-96), 

development of subretinal fluid (97) and post SLT choroidal effusions (98, 99). Unlike 

ALT, the development of peripheral anterior synechiae (PAS) is not common post SLT. 

In their meta-analysis, Wong et al described only 2.86% of cases developed PAS (100) 

though it has been described to occur after repeat SLT (101).  

 

Direct comparison between SLT studies is difficult. Differences in study design, patient 

demographics, disease subtypes being investigated (OHT vs POAG), usage of topical IOP 

lowering medication prior to SLT (treatment-naïve vs. medication washout prior to SLT 

vs. concurrent topical medication), SLT treatment parameters (180 degree vs. 360 

degree treatments, variability in numbers of shots fired), follow up intervals, total 

duration of follow up and definitions of success all mean that comparison between 

studies is a challenge. In some studies, patients included in the SLT arm were taking 

topical medications that were stopped for a variable duration (4 weeks to 3 months) 

prior to receiving SLT (75, 76, 102) and so were not truly treatment-naïve prior to 

receiving SLT. Despite a washout period, to mitigate against residual effects of prior 

topical treatment, studies have shown SLT to be less effective when used following 

topical treatment (76). 

 

A previous Cochrane systematic review highlighted the need for further research to 

compare the clinical efficacy and cost-effectiveness of SLT to topical medication for the 

treatment of open angle glaucoma or ocular hypertension(103).  



 

Recently, the Laser in Glaucoma and Ocular Hypertension (LiGHT) study(17), an 

observer-masked, multi-centre randomised controlled trial has evaluated treatment-

naive patients with open angle glaucoma or ocular hypertension randomly allocated to 

receive either initial primary SLT or initial topical medication. Eyes were treated to 

individualised objective target IOPs set according to glaucoma severity, whilst 

treatment decisions were guided by a robust treatment escalation protocol to capture 

realistic clinical management while minimising risk of bias. The primary outcome was 

HRQL at 3 years (assessed by EQ5D). Secondary outcomes were cost and cost-

effectiveness, disease-specific HRQL, clinical effectiveness, and safety. Of 718 patients 

enrolled, 356 were randomised to primary SLT and 362 to initial topical medication. 

652 (91%) returned the primary outcome questionnaire at 36 months. Average EQ5D 

score was 0·89 (SD 0·18) in the SLT group vs 0·90 (SD 0·16) in the topical medication 

group, with no significant difference noted between groups at 36 months (adjusted 

mean difference 0·01, 95% CI −0·01 to 0·03; p=0·23). At 36 months, 74·2% (95% CI 

69·3–78·6) of patients in the SLT group required no drops to maintain IOP at target. 

Eyes of patients in the selective laser trabeculoplasty group were within target IOP at 

more visits (93·0%) than in the topical medication group (91·3%), with glaucoma 

surgery to lower intraocular pressure required in none versus 11 patients. Over 36 

months, from an ophthalmology cost perspective, there was a 97% probability of SLT as 

an initial treatment being more cost-effective than initial topical treatment at a 

willingness to pay of £20000 per quality-adjusted life-year gained. 

 



The LiGHT study demonstrates that there is no difference in HRQL between primary 

SLT and initial topical medication at 36 months. SLT is safe and effective as a first-line 

treatment for open angle glaucoma and ocular hypertension and should be offered as an 

alternative to IOP lowering topical medication. It provides good IOP control, at a lower 

cost and allowed almost three quarters of patients (74%) to be successfully controlled 

without drops for at least 3 years after starting treatment. 

 

 

Lasers in Development 
 
Other laser trabeculoplasty procedures include Micropulse Diode Laser Trabeculoplasty 

(MDMT), Titanium Sapphire Laser Trabeculoplasty (TLT) and Pattern Scanning Laser 

Trabeculoplasty (PSLT). Whilst some small studies have compared their efficacy against 

SLT and found potential advantages, larger studies are required to establish whether 

any of these newer treatment modalities offer any advantage over existing SLT 

treatments. All use higher energy exposures with the attendant risks of permanent 

meshwork damage and potential less scope for retreatment. 

 

MDLT uses sub-visible (subthreshold) applications of repetitive short diode (532nm, 

577nm or 810nm) laser pulses spaced by a long relaxation time with a spot size of 

300microns. While MDLT apparently does not cause coagulative damage to the 

trabecular meshwork (104) and there is no blanching or bubble formation over the TM 

during the treatment limited data exist. Post treatment inflammation is minimal hence 

no anti-inflammatory medications are required. MDLT results are variable - some 

studies reporting limited IOP lowering success (105) whilst others reporting mean IOP 

reduction between 19.5-22% with a good safety profile (106, 107). In a comparison 



with SLT, the percentage of eyes achieving IOP reduction >20% from baseline was 

similar between MDLT and SLT (108).  

 

TLT uses near infrared energy (790nm) in short pulses (5-10microseconds) with a spot 

size of 200microns. The near infrared wavelength is believed to penetrate deeper 

(~200microns) to the inner and outer walls of Schlemm’s canal as well as the collector 

channels and ciliary body. The laser is believed to be selectively absorbed by pigmented 

phagocytic cells, preserving TM tissue(109). The total radiation energy of TLT is 

approximately 250 times that of SLT but is delivered over a longer time period, 

resulting in a longer thermal relaxation time, causing minimal collateral coagulative 

damage as a result (110). In a small RCT comparing TLT vs. SLT in OAG/OHT patients, 

no statistically significant differences in IOP reduction or success rates were noted 

between groups. Treatments had a similar adverse events profile but despite this, some 

concerns remain about the long burn duration and deeper penetration of TLT compared 

to SLT (110). 

 

PSLT uses short pulse durations (10-20msec), 100 micron spot size and computer 

guided predetermined pattern of spots. This results in reduction of thermal diffusion 

and surrounding tissue damage whilst permitting many more shots to be applied per 

area of TM (104). In a recent RCT (111), the safety, tolerability and IOP lowering 

efficacy of PSLT was compared against SLT. 29 OAG patients underwent PSLT in one eye 

and SLT in the fellow eye. There was no significant difference in mean IOP reduction at 

latest follow up (6 months). 

 



Trans-scleral or Direct SLT allows 3600 treatment around the perilimbal sclera 

overlying the TM without a gonioscopy lens. This eliminates corneal and gonioscopy 

related side effects (112, 113). It utilizes similar laser settings to conventional SLT and 

has similar IOP lowering efficacy but shots are fired simultaneously in less than 1 

second reducing procedure duration.  

 

  



Surgery 
 
Several different glaucoma IOP lowering surgeries exist – penetrating (e.g. 

trabeculectomy, tube surgery) vs non-penetrating surgery (e.g. deep sclerectomy, 

viscocanalostomy, canaloplasty). Their use in clinical practice is a combination of 

surgeon preference (having considered the IOP lowering evidence and safety profile of 

each procedure) & patient factors. Cataract surgery also has an IOP lowering effect 

(114) and so clinicians may consider phacoemulsification as a valid surgical treatment 

option for newly diagnosed POAG or OHT patients with visually significant cataracts, 

who also require further IOP lowering. 

 

Incisional glaucoma surgery generally achieves greater IOP lowering compared to 

topical medication (115) and is usually performed if IOP lowering is insufficient 

following topical medication or laser.  However, in newly diagnosed OHT and POAG 

patients, it may be a viable first option in those with poor compliance or intolerant to 

medication. The Treatment of Advanced Glaucoma Study (TAGS) is currently 

investigating whether surgical intervention could be the most favourable treatment 

option in newly diagnosed POAG patients with advanced disease; by comparing 

effectiveness of medical treatment against augmented trabeculectomy in patients 

presenting with advanced glaucoma in terms of patient reported health and visual 

function, clinical outcomes and cost effectiveness at 24 months (116). 

 

Penetrating Glaucoma Surgery 
 
Trabeculectomy remains the most common initial operation for patients with advanced 

glaucoma in most countries (8). Trabeculectomy lowers IOP by creating a new drainage 

site for aqueous humour outflow underneath the conjunctiva (117). Glaucoma drainage 



device, or tube surgery, has traditionally been reserved to treat patients with refractory 

cases of glaucoma or at high risk of failure. The two most commonly used glaucoma 

drainage implants are the Ahmed valve (New World Medical, Rancho Cucamonga, CA) 

and the Baerveldt implant (Abbott Medical Optics, Santa Ana, CA). 

 

The Tube vs Trabeculectomy (TVT) study selected patients who had previous 

trabeculectomy and/or cataract extraction with uncontrolled glaucoma on maximal 

medical therapy and randomised them to either Baerveldt 350mm2 implant or repeat 

trabeculectomy with mitomycin C (MMC). At 5 years post operatively, the cumulative 

probability of failure was 29.8% in the tube group vs 46.8% in the trabeculectomy 

group (hazard ratio = 2.15, 95% CI, 1.30 to 3.56; p=0.02). Furthermore, the rate of 

reoperation was significantly greater in the trabeculectomy group (29%) vs tube group 

(9%) (p=0.025) (118). The Primary Tube vs Trabeculectomy (PTVT) study is evaluating 

the effectiveness of tube surgery vs trabeculectomy with MMC in medically 

uncontrolled glaucoma patients who have not undergone previous incisional ocular 

surgery (119). Early 12 month clinical outcomes demonstrate trabeculectomy has a 

higher surgical success rate than tube surgery. Trabeculectomy achieved lower IOP with 

use of fewer glaucoma medications compared with tube surgery, but there was also a 

higher incidence of serious complications. 

 

Other studies have evaluated the efficacy and safety between the 2 most common 

glaucoma drainage devices. The Ahmed Baerveldt Comparison (‘ABC’) Study was a 

prospective randomised study in which patients with previous intraocular surgery or 

refractory glaucoma and IOP> 18mmHg were randomised to either implantation of the 

Ahmed FP7 valve or the Baerveldt 101-350 device. At 5 years follow up, there were 



similar rates of surgical success between the two devices (cumulative probability of 

failure: Ahmed group 44.7% vs. Baerveldt group 39.4%; p=0.65). Baerveldt 

implantation produced a greater IOP reduction and a lower rate of glaucoma 

reoperation, but was also associated with twice as many failures due to safety issues 

such as persistent hypotony, loss of light perception or explantation (120).  

 

Non-Penetrating Glaucoma Surgery 
 
 
The principle of non-penetrating glaucoma surgery is to create filtration through a 

naturally occurring membrane, the trabeculo-Descemet’s membrane (TDM), which 

provides resistance to outflow. There is no penetration into the anterior chamber as a 

sclerostomy is not created. Two main techniques are described – deep sclerectomy and 

visco-canalostomy. Studies have demonstrated the IOP lowering is generally greater 

with trabeculectomy, however the main benefit of non-penetrating glaucoma surgery is 

the lower complication profile compared to trabeculectomy(121-123). The main 

disadvantage of non-penetrating glaucoma surgery techniques are that they are 

associated with a long and demanding learning curve with fewer surgeons performing 

these as a result. 

 
 

Minimally Invasive Glaucoma Surgery 
 

Newer procedures and devices are emerging to lower IOP with a greater safety profile 

compared to incisional glaucoma surgery and these are collectively termed ‘Minimally 

Invasive Glaucoma Surgery’ (MIGS). MIGS procedures are commonly performed 

alongside cataract surgery.  MIGS devices aim to lower IOP by increasing aqueous 

outflow through existing anatomical outflow pathways including through the TM into 



Schlemm’s canal (124, 125), through the uveoscleral pathway (126) as well as through 

alternate pathways which are created iatrogenically such as subconjunctivally (127). 

The main advantage of MIGS is that most devices are non-penetrating and/or bleb-

independent procedures, thus avoiding the major complications of fistulating surgery 

related to blebs and hypotony. The degree of IOP lowering however, is generally 

accepted to be less than that achieved by trabeculectomy or tube surgery. RCTs 

comparing IOP lowering between combined surgery (cataract surgery + MIGS) vs 

cataract surgery alone have demonstrated that in a combined procedure, cataract 

surgery achieves the majority of IOP lowering with an additional modest (but 

statistically significant) lowering of IOP achieved by the MIGS device (114, 125, 126). A 

reduction in the number of topical IOP lowering medications required by patients post-

operatively is also a potential benefit. Whether the additional IOP lowering is clinically 

beneficial in terms of preventing long term disease progression, whilst also taking into 

account the extra cost of the device, is still to be determined. Moreover, limited long 

term follow up data exists for the majority of MIGS devices. A recent long term follow up 

safety study of a MIGS device (CyPass Micro-Stent; Transcend Medical, Inc., Menlo Park, 

CA) has demonstrated unacceptable endothelial cell count loss over 5 years, leading to 

its’ withdrawal. Whilst the exact role of MIGS is yet to be established, it may be that 

MIGS procedures will exist alongside rather than replacing more invasive IOP lowering 

surgical options. They may be used in early or moderate POAG patients where lesser 

degrees of IOP lowering are acceptable and as a means of postponing more invasive 

surgical interventions (128). 

 

  



Neuroprotection 
 

Neuroprotection is the term used for therapies that are independent of IOP lowering 

and aim to protect retinal ganglion cells (RGCs) from axonal injury and slow functional 

loss. Studies using animal models of glaucoma have demonstrated success of various 

different neuroprotective treatments to preserve RGCs and their function (129), 

however this success has not translated into human clinical trials thus far. Several 

reasons have been purported for translational failure (130). Whilst some solutions to 

address these have been suggested (129), translation of laboratory results to clinical 

trials in glaucoma remains limited and as yet, there are still no reliably proven 

neuroprotective treatments related to glaucoma that are available to humans currently. 

 

 

  



WHICH TREATMENT TO CHOOSE? 
 
As outlined in this manuscript, the choice of treatment for a newly diagnosed POAG or 

OHT patient is based on a multifactorial decision-making process. It requires input from 

both the patient and the treating clinician and should be individually tailored to the 

patient. Different worldwide treatment recommendations and guidelines exist for the 

management of POAG and OHT (31, 131-133) which the treating clinician can consult 

alongside using their own clinical experience. The risks and benefits of each treatment 

should be considered and discussed with the patient such that an informed decision can 

be made. 

  



CONCLUSIONS 
 

There are multiple treatment choices available for newly diagnosed POAG or OHT 

patients. The decision on which to choose is multifactorial, requiring input from both 

the patient and the treating clinician. Treatment should be individually tailored to the 

patient and the relevant risks and benefits should be considered and discussed prior to 

initiation such that an informed decision can be made. Newer treatments are in 

constant development including the concept of neuroprotection, though currently, IOP 

lowering looks to remain the mainstay of glaucoma and OHT management for the 

foreseeable future. 
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