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Abstract

Purpose To compare selective laser

trabeculoplasty (SLT) with conventional argon

laser trabeculoplasty (ALT) in terms of

hypotensive efficacy, anterior chamber

inflammation, and pain reported by the

patients treated.

Methods A prospective study performed on

40 consecutive patients. Group I (n¼ 20): SLT

1801. Group II (n¼ 20): ALT 1801. Intraocular

pressure, flare (Laser-Flare-Meter, Kowa FM-

500, Japan), and pain (Visual Analogue Scale)

were measured before treatment and 1h, 24 h,

1week, and 1, 3 and 6 months after treatment.

Statistically significant differences were

determined by an independent-sample

Student’s t-test.

Results At 6 months after treatment, pressure

reduction was similar in both groups: SLT

22.2% (range 0–36.3%) and ALT 19.5% (range

0–30.2%), P¼ 0.741. The energy released

during treatment was significantly lower in

SLT (48.3 SD 7.4mJ) than in ALT (4321 SD

241.7mJ), Po0.001. At 1 h after treatment,

anterior chamber flare was also lower in SLT

(13.3 SD 6.3 vs 20.7 SD 7.4 photons/ms),

P¼ 0.003. Pain reported by the patients during

the treatment was significantly lower in SLT

(2.0 SD 0.7 vs 4.3 SD 1.3), Po0.001.

Conclusions The hypotensive efficacy of

both lasers at the end of follow-up was

similar. The energy released during

treatment and inflammation produced in the

anterior chamber in the immediate

postoperative period were significantly lower

for SLT. The SLT procedure was better

tolerated, producing less discomfort during

treatment than conventional trabeculoplasty

with argon.
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Introduction

Since its development, argon laser

trabeculoplasty has been a useful tool for the

treatment of open-angle glaucoma,1 both as a

first therapeutic option even ahead of medical

treatment and for glaucomas that cannot be

controlled with topical treatment, as a previous

step to the surgical intervention.2 Although its

action mechanism is not well established, two

hypotheses have been considered (mechanical

and cellular) to explain the increased outflow of

aqueous humour through the trabecular

meshwork.3–5 The coagulation effect of the laser

and the subsequent scarring that occurs in the

trabeculum are thought to be the main

responsible factors for the loss of treatment

efficacy over time and for poor retreatment

results.6,7

In 1998, Mark Latina published his first

trabeculoplasty results8 using a pulsed Nd-YAG

laser of 532 nm, which seems to act selectively

on the pigmented cells of the trabeculum,

respecting adjacent tissues without the

coagulation harm that has been associated with

the argon laser.9,10 This procedure is called

selective laser trabeculoplasty. The action

mechanism of this laser has not been completely

explained. Since damage to the trabecular

meshwork after treatment seems to be

minimum compared to that experienced by

argon laser-treated patients,11 the cell theory is
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more feasible than the mechanical theory. The energy

released in these types of treatment is approximately 80

times less than for conventional treatment since it uses

energies around 0.7 mJ and exposure times in the range

of nanoseconds. According to Latina and Park,12 this

exposure time would permit the energy to be selectively

captured by the pigmented cells of the trabeculum, not

affecting adjacent tissues and also avoiding heat

diffusion from the pigmented cells to the rest of the

trabecular structures, as that occurs in the case of the

argon laser. The spot size used is pre-established at

400mm, which is that required to maintain the low

fluency (energy/area) needed for the selectivity of this

laser.12

The following study was designed to determine if the

lower amount of energy released in selective laser

trabeculoplasty (SLT) could lead to less inflammation in

the anterior chamber during the immediate

postoperative period, and if this may in turn have an

effect on the pain suffered by the patients and on

postoperative pressure spikes compared to conventional

treatment.

Materials and methods

This prospective study was performed on 40 eyes of 40

consecutive patients with early to moderate open-angle

glaucoma that was poorly controlled by medical

treatment (IOP421 mmHg) and that had not been

previously treated with laser or filtering surgery. Patients

with pseudoexfoliative or pigmentary glaucoma were

not included. Informed consent was obtained from each

patient prior to treatment. The trabeculoplasty was

performed in every case by the same ophthalmologist

(JFG) and both the pre- and postoperative examinations

were carried out by the same person who was blind to

the type of laser used (JMC).

Patients in the SLT group (n¼ 20) underwent SLT

(Coherent Selecta 7000, Coherent Inc., Palo Alto, CA,

USA) at the inferior 1801, with a spot size of 400mm,

exposure time of 3 ns and initial energy of 0.8 mJ in every

case, which was increased by steps of 0.1 mJ until a

visible effect was observed in the trabecular meshwork,

at which time it was decreased by 0.1 mJ until treatment

was completed. The argon laser trabeculoplasty (ALT)

group patients (n¼ 20) underwent an (ALT) (Visulas 532,

Carl Zeiss Inc, Germany) on the inferior 1801 applying

sufficient power to obtain a visible effect in the trabecular

meshwork (blanching or occasional bubble formation)

with a 50mm spot size and an exposure time of 0.1 s.

After treatment, all the patients were treated with

topical fluorometholone (FMLs, Allergan S.A., Madrid,

Spain), administered three times a day for 1 week. Alpha

agonists were not given in the immediate postoperative

period. The hypotensive topical medication that the

patients received before treatment was maintained

during the 6 months of study to avoid changes that could

lead to error in the analysis of intraocular pressure IOP

after trabeculoplasty.

The patients were examined the day before the

treatment and 1 h, 24 h, 1 week, and 1, 3 and 6 months

after treatment. All tests were performed at 090071 h to

reduce diurnal variation. In each examination, IOP was

determined with an applanation tonometer and flare in

the anterior chamber was measured using a laser flare

meter (Kowa FM-500, Kowa Company Limited, Japan).

The laser flare meter makes it possible to measure

inflammation objectively in the anterior chamber.13 These

measurements are based on the diffraction produced in

the anterior chamber by a helium–neon laser beam of

constant power. Flare intensity is proportional to the

amount of protein in the anterior chamber14 and thus is

an indirect indicator of the effect of the laser on the

blood–aqueous barrier. Measured flare values are

expressed in photon counts per millisecond given by the

instrument. In the immediate postoperative check-up

and at 24 h, a 0-to-10 visual analogue scale15–17 (VAS,

UPSA Institute) was used for the patients to determine

objectively the degree of pain suffered during treatment

and the first postoperative hours. The patients were also

asked questions of the type: how much pain or

discomfort did treatment cause? or what type of

discomfort did you feel at home during the first 24 h of

treatment? Patients were asked to slide a marker along

one side of a scale that shows a bar that gets

progressively wider such that the observer, blind to the

type of laser used, can quantify the pain according to the

numerical scale on the underside. Statistical analysis was

performed using SPSS 11.0 for Windows (SPSS Inc.). The

normality of the data was checked using the

Kolmogorov–Smirnov test. Statistically significant

differences were determined by an independent-sample

Student’s t test. A P-value of less than 0.05 was taken to

denote statistical significance.

Results

The demographic characteristics of both groups are

shown in Table 1. No significant complications were

noted in either group. The mean number of laser impacts

during treatment were 52.3 SD 12.1 in the SLT group and

56.2 SD 7.2 in the ALT group, there being no statistically

significant differences (P¼ 0.632) between the groups.

The mean energy used in SLT was 0.9 SD 0.1 mJ and the

mean power used in the ALT group was 768.9 SD

39.6 mW. The total mean energy released (mean energy

released¼mean power used per impact * number of

Selective vs argon laser trabeculoplasty
JM Martinez-de-la-Casa et al

499

Eye



impacts * exposure time) in each treatment was

significantly lower in SLT (48.3 SD 7.4 mJ) than in ALT

(4321 SD 241.7 mJ), Po0.001.

Mean IOP before treatment was 24.0 SD 4.7 mmHg in

the SLT group and 23.6 SD 3.8 mmHg in ALT (P¼ 0.75).

At 1 h after treatment, mean IOP rise was lower in SLT

(1.9 SD 3.4 mmHg) than in ALT (3.0 SD 4.8 mmHg),

although this difference was not statistically significant

(P¼ 0.169). The hypotensive effect of each laser was

equivalent during follow-up, no significant differences

being found in any of the check-ups performed on the

patients (Figure 1, Table 2). The mean percentage

decrease in the SLT group at 6 months post-treatment

was 22.2% (range 0–36.3%), and 19.5% in ALT (range

0–30.2), P¼ 0.741. The percentage of responders (pressure

decrease equal to or greater than 3 mmHg) was 80% (16

of 20 eyes) in SLT and 85% (17 of 20 eyes) in ALT. Among

the responders, the mean percentage decrease in IOP was

26.7% (range 13.0% - 36.3%) in the SLT group and 21.8%

(range 16.3–30.2%) in the ALT group (P¼ 0.231).

At 1 h after treatment, anterior chamber flare was

significantly lower in the SLT group (13.3 SD

6.3 photons/ms) than in the ALT group (20.7 SD

7.4 photons/ms), P¼ 0.003. No differences were noted

during the rest of follow-up (Figure 2, Table 3). Moderate

correlation was found between the energy released

during treatment and flare in the immediate

postoperative period (r¼ 0.56).

The pain reported by the patients during treatment

(VAS) was also lower in the SLT group (2.0 SD 0.7 vs 4.2

SD 1.3), Po0.001, although these differences had

disappeared in the 24-h assessment (Table 4).

Discussion

Only a few years ago, SLT emerged as one more tool for

the treatment of patients with glaucoma.8 According to

previous studies, the principal advantage of this laser

over the conventional argon laser seems to be the smaller

destructuration of the trabecular meshwork that occurs

after treatment.11

Besides evaluating the hypotensive efficacy of SLT, the

main objective of our study was to determine objectively

whether the anterior chamber inflammation produced in

response to SLT was significantly different from that

produced after conventional treatment and whether this

could lead to improved tolerability to treatment by the

patient. To the best of our knowledge, there are no

previous references on the objective measurement of

anterior chamber inflammation in patients treated with

SLT. Damji et al18 subjectively determined inflammation

produced after both these treatments using the slit lamp.

Damji reported that the degree of inflammation was

significantly greater in patients subjected to SLT, and

attributed this to the greater spot size. This would cause

part of the impact to affect both the ciliary body region

and the iris root, inducing greater inflammation during

the first few hours of the postoperative period. In our

patient series, we found that anterior chamber

inflammation in the SLT group was significantly lower

than in the argon laser-treated group during the initial

postoperative hours. This could be due to the lower

energy released during treatment with the Nd–YAG

laser. It is likely that the subjective estimation of the

number of anterior chamber cells does not adequately

reflect alteration of the blood–aqueous barrier. It could be

that instead, this method quantifies the detritus and
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Figure 1 Changes in IOP (mean and SD) during follow-up. No
statistical differences between groups were found in any of the
time points.

Table 1 Baseline characteristics of the patients treated

SLT group ALT group P

Gender (M/F) 9/11 10/10
Age (years) 73.4 SD 7.3 72.5 SD 7.7 0.84
Preoperative eye drops 1.8 SD 0.5 1.5 SD 0.7 0.65
Preoperative IOP (mmHg) 24.0 SD 4.7 23.6 SD 3.8 0.75
Preoperative flare
(photons/ms)

10.8 SD 4.9 12.9 SD 4.4 0.16

SLT: selective laser trabeculoplasty; ALT: argon laser trabeculoplasty; M:

male; F: female; IOP: intraocular pressure, ms: millisecond; SD: standard

deviation.

Table 2 Changes in IOP (mean and SD) during follow-up

Preop 1 hour 24 hours 1 week 1 month 3 months 6 months

SLT 24 SD 4.7 25.9 SD 5.6 16.8 SD 2.8 22.1 SD 3.7 19.5 SD 4.1 18.9 SD 4.1 18.6 SD 4.2
ALT 23.6 SD 3.8 26.6 SD 2.5 18.8 SD 4.5 20.9 SD 3.4 20.2 SD 3.4 20.1 SD 3.3 19 SD 3.2
P 0.75 0.65 0.10 0.30 0.61 0.41 0.81

SLT: selective laser trabeculoplasty; ALT: argon laser trabeculoplasty; SD: standard deviation.
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pigment released in response to treatment and is not

related to the inflammatory response. During the rest of

the follow-up period, the differences between the two

groups were not significant though the degree of

inflammation in the SLT group never exceeded that of the

argon laser-treated patients, contrasting with

observations by Damji et al.18 Mermoud et al,19 after

treating 71 eyes with ALT, found a greater inflammatory

peak 48 h after treatment, which was accompanied by a

greater pressure decrease at this stage of follow-up. His

explanation for these events was based on the capacity of

the trabecular meshwork to synthesize prostaglandins,

which could act as mediators of the inflammation and, at

the same time, would have a beneficial effect on IOP. The

fact that our patients were treated from the onset with a

glucocorticoid capable of inhibiting prostaglandin

synthesis could explain why these findings were not

observed in either of our two treatment groups.

The lower energy used in SLT could also mean less

pain for patients during the procedure compared to

argon laser treatment. Our patients showed significantly

better tolerance to SLT only at the time of the treatment,

since the pain suffered during the first 24 h was

comparable in both the groups.

With regard to the hypotensive effect of both

treatments, we found that both lasers in the short run can

be considered comparable. We found no significant

differences in this effect in any of the postoperative

assessments. Damji also detected no differences between

these lasers when he treated 36 eyes of 34 patients with a

6-month follow-up.18 If we compare the pressure

decrease noted at 6 months to those reported by other

authors, the mean decrease of 22.2% noted in our patients

is similar to the 19.3% described by Damji et al,18 the 25%

by Gracner20 and the 20.1% by Latina et al,8 yet higher

than the 15.6% reported by Kim and Moon et al.21

Lanzetta et al22 obtained a mean pressure decrease of

39.9% in eight eyes of six patients with a 6 week

follow-up after treating 3601 of the iridocorneal angle in a

single session. Our percentage of responders (80% with

pressure decrease Z3 mmHg) is similar to the 70%

published by Latina et al8 using the same criterion.

The most serious complication of ALT is the occurrence

of an IOP spike in the immediate postoperative

period.23,24 According to the Glaucoma Laser Trial

Research Group,25 over 30% of the patients treated

showed a 5 mmHg or greater increase in IOP. After

treating 84 eyes with ALT, Rosenblatt and Luntz26 noted

a positive correlation between the IOP rise in the

immediate postoperative period and the energy released

during treatment. Our results show a lower IOP rise 1 h

after treatment in the SLT group (1.9 SD 3.4 mmHg vs 3.0

SD 4.8 mmHg), corresponding to the lower amount of

energy released (group I: 48.3 SD 7.4 mJ vs group II: 4321

SD 241.7 mJ). Only two patients in each group showed a

significant increase in the IOP greater or equal to

5 mmHg during treatment. In all four patients, IOP had

returned to normal at 24 h post-treatment without the

need for additional treatment.

Based on our results, we can conclude that SLT is an

effective and safe tool for the treatment of glaucomas that

are poorly controlled by medical treatment. Selective

trabeculoplasty is a simple technique to perform even by

an inexperienced ophthalmologist, since the large size of

the spot avoids the need to locate the impact in a specific
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Figure 2 Changes in flare (mean and SD) during follow-up.
Flare was found to be statistically lower in the SLT group 1 h
after treatment. No other statistical differences between groups
were found during follow-up.

Table 3 Changes in flare (mean and SD) during follow-up

Preop 1 h 24 h 1 week 1 month 3 months 6 months

SLT 10.8 SD 4.9 13.3 SD 6.3 13.7 SD 6.9 10.6 SD 4.5 10.1 SD 4.3 10.1 SD 4.2 9.3 SD 4.4
ALT 12.9 SD 4.4 20.7 SD 7.4 15.9 SD 7.6 13.5 SD 8.1 13.1 SD 6.8 13.1 SD 6.4 12.1 SD 5.8
P 0.16 0.003 0.36 0.17 0.10 0.09 0.12

SLT: selective laser trabeculoplasty; ALT: argon laser trabeculoplasty; SD: standard deviation.

Table 4 Assessment of pain suffered by the patient (VAS score)

During treatment First 24 h

SLT 2.0 SD 0.7 3.6 SD 1.4
ALT 4.2 SD 1.3 3.4 SD 1.3
P o0.001 0.66

Pain reported by the patients during the treatment was significantly

lower in SLT group.SLT: selective laser trabeculoplasty; ALT: argon laser

trabeculoplasty; SD: standard deviation.
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zone of the trabecular meshwork. The lower energy

released during treatment and less inflammation

produced in response to treatment means it is better

tolerated by the patient. Owing to the novelty of this

technique, its middle or long-term hypotensive effects

have not been totally well established. The repercussions

that the lower alterations produced in the trabecular

meshwork can have in the retreatments and if these can

have better results than those obtained with the

conventional treatment must be analysed with the

passage of time.
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