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Abstract To determine if primary selective laser

trabeculoplasty (SLT) can be repeated with clinical

benefit in patients with primary open-angle glaucoma

(POAG). Forty-two eyes of 42 patients with POAG

were studied. All patients underwent primary SLT

treatment of 40–50 shots to the trabecular meshwork

over 360�. The treatment response at the initial post-

SLT visit (4 weeks), and second post-SLT visit (mean

4 months), clinical success and duration of clinical

success were measured. SLT was repeated in all

patients after failure to maintain target intraocular

pressure (IOP). The same parameters were measured

after repeat SLT. The main outcome measures were

success of treatment (as defined by reduction of IOP

by at least 20 % and below an individually determined

target pressure), duration of treatment success and

reduction in IOP. No significant difference between

initial and repeat treatments was found for mean

reduction in IOP or success rate, or duration of

success. Survival analysis found significantly longer

benefit for repeat treatment compared to initial

treatment (P \ 0.01). Repeat SLT treatment in eyes

with POAG has similar efficacy to primary SLT

treatment with respect to reduction in IOP and success

rates, produces a longer duration of treatment success.

Keywords Glaucoma � Selective laser

trabeculoplasty � Glaucoma medical therapies �
Intraocular pressure

Introduction

Primary open-angle glaucoma (POAG) is the most

common form of glaucoma and by definition occurs in

the absence of known ocular or systemic conditions

that cause increased aqueous outflow resistance.

It therefore represents primary failure of trabecular

meshwork function [1].

Laser treatment of the meshwork to reduce intra-

ocular pressure (IOP) has been in use since 1979

and remains a developing field. There are two main

procedures currently performed. The first is argon

laser trabeculoplasty (ALT) which produces thermal

burns in target tissues. The second, more recent

therapy is selective laser trabeculoplasty (SLT), and

involves using a laser whose action is specifically

directed at pigmented cells. The detailed mechanism

of IOP-lowering in each method is unknown, though it

is thought they act via similar mechanisms [2].
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Both SLT and ALT have been shown to have

similar efficacy in terms of lowering IOP until a 5-year

follow-up [3, 4]. Damji et al.[3, 4] found that SLT was

more effective at lowering IOP than ALT in eyes

previously treated with ALT . Despite this the success

rates were only 32 % for SLT and 21 % for ALT

(defined as a reduction in IOP of at least 20 % from

baseline and not \3 mmHg, with no additional

medications, laser or surgery). This demonstrates the

reduction in efficacy with time often seen with laser

procedures, resulting in the requirement for further

medical or surgical therapy [5, 6].

Furthermore, it has been suggested SLT would be

effective as primary treatment for open-angle glau-

coma; this is backed up by studies showing similar

IOP-lowering efficacy between 360� SLT treatment

and latanoprost over a 12-month period, as well as

significant reduction of IOP fluctuation in patients with

ocular hypertension or POAG [7–9]. SLT has also been

shown to be a safe and effective treatment in both

phakic and pseudophakic eyes, and in reducing the

number of medications required to be used to medi-

cally control IOP [9, 10]. The adverse effects of laser

therapy are often minor, and most are transient [5, 10].

These effects include an anterior chamber reaction

(43-89 %), ocular pain (2-39 %), an initial but

temporary IOP increase (2.5-22 %), ocular discom-

fort (5-39 %), and conjunctival injection (5 %) [6, 8,

11–13]. Other more serious complications include

corneal oedema, hyphema, iritis and choroidal effusion

which occur in 4.5-11.5 % of patients [7, 8, 11, 12].

SLT uses a 532 nm frequency-doubled, Q-switched

neodymium:yttrium–aluminium–garnet (Nd-YAG)

laser which delivers \1 % of the energy of ALT

treatment. Additionally, the treatment time is signif-

icantly shorter than the thermal relaxation time of the

trabecular meshwork. Due to these two reasons, there

is theoretically minimal damage to the structure of the

trabecular meshwork, with no subsequent contractile

laser microscars [10, 11, 14, 15]. These important

differences suggest that SLT may be repeated after

failure of initial treatment, whereas previous attempts

to repeat ALT have produced poor results [13, 15, 16].

Materials and methods

This study is a retrospective chart review of patients

at a specialist glaucoma practice who underwent

SLT as first line IOP-lowering therapy after being

given the choice of either topical treatment or SLT.

Newly diagnosed POAG patients who had primary

SLT treatment failure who subsequently had repeat

SLT treatment(s) were included. Patients who had

SLT treatment on both eyes had one eye selected

(using a random number generator), the fellow eye

was excluded. Those with secondary glaucomas

including angle-closure glaucoma, pseudoexfoliation

syndrome, and pigment dispersion syndrome were

excluded.

As part of routine clinical practice, a full ocular

examination was performed for each newly referred

patient, including best-corrected Snellen visual acuity,

slit-lamp evaluation, Goldmann applanation tonome-

try (this study used two initial IOP measures for each

patient to reduce the effect of diurnal variation and

improve accuracy), corneal pachymetry, corneal hys-

teresis measurement, gonioscopy, dilated fundoscopy,

visual field testing and imaging as appropriate. SLT

was performed using the Q-switched ophthalmic

Nd:YAG laser (Laserex Tango Nd:YAG; Ellex Med-

ical, Australia) and Latina contact lens with 40-50

shots to the trabecular meshwork (one spot size apart)

over 360� at energy levels titrated to be just below

threshold for champagne bubble formation. IOP was

recorded at 4 weeks post-treatment and subsequently

at three- to four-monthly intervals until treatment

failure. Treatment failure was defined as a return to

pre-treatment IOP levels or being significantly above

target IOP range. At this point repeat SLT treatment

with the same settings was offered. For those who

elected to undergo repeat SLT treatment the process as

above was repeated.

For the purposes of this study, treatment success

was defined as a reduction in measured IOP of C20 %

of initial measured IOP and a post-treatment IOP at or

below target IOP. The target IOP was arbitrarily and

individually determined at initiation of therapy using

the following criteria—normal visual field but early

optic disc damage (\20 mmHg); mild to moderate

visual field (VF) loss with fixation not threatened (in

accordance with Hodapp classification; midteens);

advanced VF loss or threatened fixation (low teens)

[17].

Basic descriptive statistics were conducted for

patient demographics. Comparison of means was

performed with the t test. Comparison of success

rates was performed with the McNemar test using a

502 Int Ophthalmol (2013) 33:501–506

123



binomial distribution. The Kaplan–Meier method was

used for survival analysis, while the logrank test was

utilized to compare survival curves.

Results

In total, 42 eyes of 42 patients underwent primary and

repeat treatment of SLT. Of these, nine eyes under-

went a third treatment. The mean duration of follow-

up was 10.5 months for first treatment, 15.1 months

for second treatment and 9.0 months for third treat-

ment. None of these patients received any other form

of IOP-lowering treatment during the study period.

The mean age of patients at the first SLT treatment was

61.1 years (standard deviation 10.4). There were 22

male and 21 female eyes that underwent initial and

second SLT treatment, and four male and five female

eyes that underwent a third SLT treatment.

The mean pre-treatment IOP was similar before

the primary treatment and second treatment, though

slightly lower before third treatment (Table 1). The

mean reduction in IOP was 4.76 mmHg (4.4) or

18.9 % for the first visit after the primary SLT

treatment, 3.6 mmHg (4.8) or 13.6 % for the second

visit after the primary SLT treatment, 19.8 %,

4.7 mmHg (4.5) for the first visit after the second

treatment, 4.5 (4.6) for the second visit after the

second treatment or 18.1 %, and 3.8 mmHg (2.3) or

18.9 % for the first visit after the third SLT treatment,

and 3.6 (2.9) or 17.7 % for the second visit after the

third SLT treatment (Table 1). There was no statisti-

cally significant difference between the percentage

IOP reduction after the primary and second SLT

treatments (two-tailed paired t test).

Initial treatment was successful (using the defini-

tion described above) in 55 % (23/42 eyes) (Table 2).

The second treatment (first repeat treatment) was

successful in 67 % (28/42 eyes), and the third

successful in 56 % (5/9 eyes) (Table 2). Table 3

summarizes the success rates of the primary and

second SLT treatment at the first and second post-SLT

visits (mean 1 month and 4 months, respectively).

Only 35 % (8/23 eyes) failed to respond to a second

SLT treatment after responding to the initial treatment.

In addition 68 % (13/19 eyes) that failed to respond to

initial SLT treatment subsequently responded to

repeat treatment. There was no statistically significant

difference in the success rates for the first two visits

between the initial and second SLT treatment. The

third treatment success was not included in this

analysis due to the limited numbers of patients

undergoing a third treatment.

The mean duration of successful treatment was

6.9 months (3.4) for the primary treatment,

13.6 months (11.2) for the second treatment, and

9.2 months (4.6) for the third treatment (Table 2). As

repeat treatment success durations were limited to the

maximum follow-up duration at last visit, we also

calculated the mean successful treatment duration

for the 28 eyes followed until failure of their

second treatment. For these patients, the mean dura-

tion of clinical benefit from primary treatment was

6.9 months (3.1), and 13.6 months (11.5) for the

second treatment (Table 2). This difference is not

statistically significant (two-tailed paired t test).

Kaplan–Meier survival analysis found the median

survival to be 3 months for the primary treatment (42

eyes), and 11 months for the second treatment (28

eyes) (Fig. 1). The logrank test found this difference to

Table 1 Decrease in intraocular pressure with selective laser trabeculoplasty treatment

Primary treatment

(n = 42)

Second treatment

(n = 42)

Third treatment

(n = 9)

Mean pre-treatment IOP (mmHg) 21.9 (5.0) 21.3 (4.1) 18.8 (3.2)

Mean decrease in IOP at 4 weeks (mmHg) 4.8 (4.4) 4.7 (4.5) 3.8 (2.3)

Mean decrease in IOP at second visit (mmHg) 3.6 (4.8) 4.5 (4.5) 3.6 (2.9)

Mean percentage decrease in IOP at 4 weeks (%) 18.9 % (18.8) 19.8 % (19.8) 18.9 % (20.0)

Mean percentage decrease in IOP at second visit (%) 13.6 % (21.6) 18.1 % (20.0) 17.7 % (15.2)
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be statistically significant [P \ 0.01; hazard ratio 0.43

(95 % confidence interval 0.27-0.69)].

Discussion

This study describes a cohort of POAG patients who

underwent repeat SLT after the failure of primary SLT

treatment. While the efficacy of SLT as IOP-lowering

treatment has been established, limited data currently

exist to support the idea that SLT might be repeatable

[3, 4]. SLT has also been suggested as a viable

alternative to eye drops as an initial treatment of

POAG. One of the arguments against initial SLT is the

tendency for the treatment effect of SLT to diminish

over time, although there is evidence this also occurs

with topical treatment [6]. Our results show that for

POAG patients, repeat treatment with SLT is of

similar effectiveness and of at least comparable

duration when compared to the first treatment.

Throughout the duration after the primary and repeat

SLT treatments when the IOPs were well-controlled

without the requirement for any topical medication,

patients had the added benefit of avoiding any

potential adverse effects from the eyedrops. Our data

does not agree with suggestions that because failure of

initial SLT occurred in a relatively short time, there

was a lesser chance of repeat SLT being effective.

The success rate (using the aforementioned defini-

tion of success) was higher for those undergoing a

repeat (second) treatment than those undergoing initial

treatment although this difference did not achieve

statistical significance. In addition, repeat treatment

compared favourably in terms of IOP reduction at

4 weeks and 4 months (IOP reductions at 4 weeks of

4.7 mmHg or 19.8 % after the second treatment

compared to 4.8 mmHg or 18.9 % after the initial

treatment, and reductions of 4.5 (18.1 %) compared to

3.6 (13.6 %) at an average of 4 months, although no

statistically significant difference was found. These

results suggest that a second SLT treatment may

produce an initial clinical benefit similar to that from

the first SLT treatment.

In terms of the duration of effect, there was no

statistically significant difference in duration of benefit

attained with repeat SLT treatment when compared to

primary SLT treatment (mean duration 13.1 months

for repeat SLT and 6.9 months for primary SLT).

Survival analysis, however, found that eyes undergo-

ing repeat SLT treatment had a longer duration of

clinical benefit and this was statistically significant.

These results suggest that duration of clinical benefit

for those undergoing repeat SLT treatment in POAG

is at least comparable, and may last significantly longer

than initial treatment.

Table 2 The rate and mean duration of success for the selective laser trabeculoplasty treatments

Primary

treatment

Second

treatment

Third

treatment

Success rate 55 % 66 % 56 %

Mean duration of success (months) 6.9 (3.4) (n = 42) 13.1 (11.2) (n = 42) 9.2 (4.6) (n = 9)

Mean duration of success for cases followed until failure

of second treatment (months)

6.9 (3.1) (n = 42) 13.6 (11.5) (n = 28)

Table 3 Treatment success for selective laser trabeculoplasty

treatments

Primary treatment Total

Failure Success

Second treatment Failure 6 8 14

Success 13 15 28

Total 19 23 42

Fig. 1 Survival curve for selective laser trabeculoplasty

treatment
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With regard to complication rates, numbers of

minor complications were comparable to previous

research. Complications in our study included mild

discomfort which occurred in 18 % of patients

(reported as between 2 and 39 % in the literature).

Other complications included headache which

occurred in 4 %, and photophobia in 3 % of patients.

There were no major complications reported among

our subjects [2, 3, 8, 10, 11, 14]. The lower rates

of more significant complications could be due to

the fewer number of laser spots used in our study

compared to other reports.

Despite the promising results shown by this study,

there were several limitations that were primarily

related to its retrospective design. Firstly, the SLT

treatment regime used in our routine clinical practice

(40-50 spots over 360�) differed from the 100 spots

described in other reports. This was because when we

first started performing SLT in our practice, there had

not been any published ‘standard’ with regard to the

optimum number of SLT spots. Therefore, the results

may be related to our reduced SLT treatment regime.

However, our SLT treatment regime has been effec-

tive in lowering IOP in the great majority of our POAG

patients even at the supposedly suboptimal level; so it

may be argued that overtreatment may have occurred

in the other reports on SLT. There is currently no

evidence that has conclusively determined the ideal

optimal initial SLT treatment regime. Secondly, there

was a group that underwent a third treatment; although

the success rates observed were comparable, the

number of eyes treated was too small and follow-up

too short to perform any meaningful analysis. Thirdly,

this study used an observational design and had a

relatively small sample. There were only 28 patients

followed until failure of the second SLT treatment,

which made the duration and survival analysis less

reliable and less likely to detect a true difference

between treatments.

Hong et al.[13] suggested repeat SLT treatment

can be performed as early as 6 months after initial

treatment; however, repeat treatment in our study was

performed as early as 1 month. It is possible that

1 month may be too soon for any clinical benefit to

become apparent, and further study is required to

establish what effect such early repeat treatment

may have. Our study controlled for this by comparing

pressures at both the initial 4-week and second

(average 4-month) follow-up visits.

In summary, this study demonstrated that a single

repeat treatment with SLT had a similar success rate

and a longer duration of clinical benefit as compared to

primary treatment in patients with POAG. However,

it has to be noted that this cohort of patients had a

relatively short duration of SLT clinical benefit which

were well below the reported average for response to

initial SLT, which may be related to our SLT treatment

regime. The benefits of SLT include minimal adverse

effects, uncomplicated regimen (single application

therapy that can be repeated as necessary) and

comparable efficacy to IOP-lowering treatment alter-

natives. These factors combine to make SLT an

excellent management option for those newly diag-

nosed with POAG, especially if adverse effects from

medication and risk factors for poor compliance are

taken into account [3, 4, 8, 18, 19]. The use of SLT as a

primary treatment option may in turn have wide

ranging benefits, from better patient outcomes due to

the decrease in eye drop compliance issues, to

economic benefits due to a reduction in the number

of patients on lifelong eye drops [9, 15].

It will take some years before we can see the results

of repeating SLT in eyes where the initial treatment

has lasted for several years. Our results suggest that a

second treatment might last several more years. If this

proves to be the case, there could be a significant

decrease in burdens of cost, local side-effects, and

daily effort for many patients.
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