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Baseline IOP predicts selective laser trabeculoplasty success
at 1 year post-treatment: results from a randomised clinical

trial
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Background/aims: The efficacy and safety of selective laser trabeculoplasty (SLT) has been found to be
equivalent to argon laser trabeculoplasty (ALT). Since SLT produces significantly less disturbance fo the
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method to treat medically uncontrolled open angle

glaucoma. Wise and Witter first introduced ALT in
1979'; it is believed that laser trabeculoplasty causes
increased outflow facility by either or both of the following
two mechanisms; (i) mechanical: by tightening the trabe-
cular meshwork (TM) to open the adjacent, untreated inter-
trabecular spaces,” and/or (ii) cellular: by inducing cell
division and migration of macrophages to clear the TM
debris.” *

ALT treatment has an impressive intraocular pressure
(IOP) lowering effect in patients with elevated IOP, with
previously reported early IOP reductions up to 35% from
baseline' °%; however, its effect declines with time.' * '*'? Ten
year follow up data showed failure rate of 68-95%," "' and
repeat ALT was generally perceived as ineffective at main-
taining normal IOP as the rate of 1 year success (IOP less
than 3 mm from baseline) is 21%."” ** The high long term
failure rate of ALT could be explained by the fact that ALT
causes detrimental disruption to the microstructure of the
TM, and excessive TM damage determines treatment failure.
Histopathological studies revealed remarkable uveoscleral
meshwork destruction post-ALT treatment with coagulative
tissue necrosis and fragmented cells,” crater formation,'
heat damaged collagen fibres in tissues,' ' and membranes
surrounding the argon laser spots formed by migrating
endothelial cells.”” "*2' 1t has been suspected that these
membranes covering the TM would cause outflow reduction
later, leading to treatment failure. Moreover, the remarkable
disruption of the TM and accumulation of tissue debris in the
juxtacanalicular region are thought to cause the acute IOP
elevation seen in some patients after ALT treatment."

Selective laser trabeculoplasty (SLT) is an alternative laser
treatment introduced by Latina ef a/ in 1995.>> SLT is a Q
switched, frequency doubled Nd:YAG laser (A = 532 nm) that
selectively targets the pigmented TM cells without adversely
affecting the TM in vitro, rendering the TM architecture more

ﬁ rgon laser trabeculoplasty (ALT) is a commonly used

trabecular meshwork and is theoretically more repeatable than ALT, it has potential to replace ALT as the
standard procedure fo treat medically uncontrolled open angle glaucoma. This study’s objective is to
determine factors that predict successful SLT at 1 year post-treatment.

Methods: As part of a randomised clinical trial comparing the efficacy and safety of SLT to ALT, data on 72
SLT patients were collected, and successful SLT defined as having an SLT induced intraocular pressure
(IOP) reduction of =20% at 1 year post-treatment follow up.

Results: 43 out of the 72 patients who had completed their 1 year follow up visit had an IOP reduction of
=20% from baseline. No glaucoma risk factors studied predicted successful SLT. The amount of trabecular
meshwork pigmentation was not a significant predictor. However, it was discovered that baseline IOP
strongly predicted SLT success (odds ratio=1.16; p=0.0001).

Conclusion: SLT success was significantly predicted by baseline IOP but not by age, sex, other glaucoma
risk factors, type of open angle glaucoma, or by degree of trabecular meshwork pigmentation.

preserved.”” There have been a number of studies that
compared the efficacy of ALT and SLT based on post-
treatment IOP reduction, and all reported that SLT is as
effective as ALT in terms of IOP lowering.” 7 * In general, both
modalities lower IOP an average of 5 mm of mercury
6 months post-treatment. Furthermore, compared to ALT,
SLT did not cause ablation craters at the border of pigmented
and non-pigmented cells in the TM,'* and the cellular
changes induced by SLT did not extend beyond the
Schlemm’s canal'” as it would after ALT. In addition, SLT
appears not to cause the membrane formed by migrating
endothelial cells in the necrotic TM seen after ALT
treatment."” SLT allows the use of 80-100 times lower levels
of energy and less laser spots on the TM, causing less damage
to the TM. Based on the above observations and results, SLT
appears to be less destructive and may be more repeatable
clinically than ALT.

The focus of current SLT studies is SLT’s potential long
term IOP reduction effect, predictors of SLT success and
adverse events from SLT in the long term. There are already a
number of studies devoted to observe immediate or monitor
long term post-treatment IOP reduction; all concluded that
SLT is able to maintain satisfactory IOP reduction within
6 months,” 7 *° ?7 at 1 year,””* or longer***’" post-treat-
ment. For example, 1 year IOP lowering seems to be
maintained at around 5 mmHg from baseline.”” The most
frequently used criterion for successful laser induced I0OP
lowering was a reduction of at least 20% from baseline
prelaser IOP. On the other hand, regarding the predictors of
SLT success, only one study attempted to determine the
predictors of successful SLT.> SLT’s success rate varied from
40% to 84% in patient groups of different characteris-
tics.** *> ** > ! Thus, there could be indicators that predict

Abbreviations: ALT, argon laser trabeculoplasty; BCVA, best corrected
visual acuity; IOP, intraocular pressure; Pl, peripheral laser iridotomy;
SLT, selective laser trabeculoplasty; TM, trabecular meshwork
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better SLT outcome. Significantly higher IOP reduction was
found in patients with =22 mmHg baseline IOP in a
prospective non-randomised trial,> but no prognostic impor-
tance of this finding has been suggested. Kano, et al*
discovered that lower baseline IOP is a significant success
predictor, whereas factors such as, age, sex, previously failed
ALT, and goniopigmentation were found to be non-signifi-
cant. Similarly, Odberg and Sandvik® indicated significantly
higher risk for failure when a patient’s baseline IOP was
=32 mm Hg. Results of age and degree of angle pigmentation
in relation to SLT success were mixed.” ***!

The objective of the present study is to determine the
factors that predict successful SLT at 1 year post-treatment.

MATERIALS AND METHODS

Details of patient recruitment, materials, and methods are
given in a previous publication of this study.” *> Briefly, the
study took place at the University of Ottawa Eye Institute and
was approved by the Ottawa Hospital research ethics board.
Potential study subjects were drawn from the patient pool of
the institute’s glaucoma clinic, from March 1997 to March
2003. Our inclusion criteria required the study patients to: (i)
present with any type of open angle glaucoma including
pseudoexfoliation and pigmentary glaucoma; (ii) have
uncontrolled IOP of =16 mmHg with maximal medical
therapy (three or more antiglaucoma drugs tolerated by the
patient) or had failed previous 180/360 degree ALT treatment;
(iii) be over 18 years of age; and (iv) have two sighted eyes.
Subjects were excluded if s/he (i) had a type of glaucoma
other than open angle; (ii) had advanced visual field defect;
(iii) had any previous ocular surgery other than ALT or
peripheral laser iridotomy (PI) done in the study eye, or
required any ocular surgery within 6 months of this study
enrolment; (iv) had cornea disease precluding accurate
applantation tonometry; or (v) was or would be on systemic
steroids during the study period. All patients were required to
sign the informed consent at enrolment. Follow ups were
scheduled to take place at 1 week, 1, 3, 6, and 12 months
after treatment. Intraocular pressure, best corrected visual
acuity (BCVA), anterior chamber reaction, TM pigmentation
grade, and number of medications used were recorded at all
visits.

Recruitment
(n=176)

|

| Randomisation |

/\

ALT SIT
(n=87) (n = 89)

Lost to follow up
(h=17)

One year after treatment
follow up
(n=72)

.
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A total of 176 patients were recruited and randomised in
blocks of six using a computer generated random number list
to receive either ALT or SLT. In the end, SLT was done in 89
randomised patients, who constituted the sample under
study in this paper. Figure 1 gives the outcome of recruit-
ment, randomisation, and follow up at 1 year post-treatment.

Statistical analysis

The primary outcome of interest was SLT induced IOP
reduction; successful SLT was defined as having a reduction
of =20% of pretreatment IOP at 1 year post-treatment. Best
corrected visual acuity and IOP change between the
““Success” and ““Non-success” group were compared through-
out the 1 year follow up period. Other potential predictors
studied were age, sex, type of glaucoma, glaucoma risk
factors, TM pigmentation, total energy used, and previous
ALT. Distribution of these variables was compared between
the success and non-success groups. For normal continuous
variables, appropriate Student’s ¢ tests were used to detect
statistical significance; for categorical variables y? tests and
the non-parametric Fisher’s exact test; and for nominal
categorical variables the Kruskal-Wallis test. Any covariates
that achieved p<<0.10 for the bivariate analyses were included
in the final multivariate logistic regression model. Multi-
collinearity was checked before determining the final model.
All statistical analyses were performed using the Stata 7.0
software.

RESULTS
Out of the 89 patients who received SLT (table 1), 72
completed their 1 year follow up visit; 43 of which had
achieved an IOP reduction of =20% from their baseline IOP.
Seventeen patients were lost to follow up because of moving,
unwillingness to return for further examinations, sickness, or
death.

The success group has considerably higher baseline and
1 hour post-treatment IOP than the non-success group. There
are no significant differences in the distribution of glaucoma
risk factors and other prognostic factors except for hyperten-
sion and family history of glaucoma, which were only
marginally significant between groups (p<0.1) (table 2).
Four out of the 72 patients (6%), two in each outcome group

IOP IOP
reduction > 20% reduction < 20%

(n = 43) (n = 29)

Figure 1 Outcome of randomisation and follow up to 1 year post-

treatment.
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Table 1 Baseline characteristics of the total study sample
Covariates Value
Age, mean (SD) (range) 69.08 (10.52) (36.57-88.37)
Sex (male/female) 36/53
Glaucoma type, No (%)
OAG (POAG/OAG post PI/
post CE) 54 (60.67%)
PXG 23 (25.84%)
PG 7 (7.87%)
Combined mechanism 3 (3.37%)
Others 2 (2.25%)
Pretreatment IOP, mean (SD) (range) 23.84 (4.88) (10, 40)
Previous ALT (Yes/No) 28/61

BCVA, median (range)
Risk factors (Yes/No)

20/85 (20/20, 20/800)

Hypertension 16/67
DM 2/81
Myopia 9/74
Family history 17/66
Multiple 9/74
Other 14/69
Nil 39/44

OAG, open angle glaucoma; POAG, primary open angle glaucoma; Pl
peripheral iridotomy; CE, cataract extraction; PXG, pseudoexfoliation
glaucoma; PG, pigmentary glaucoma; IOP, intraocular pressure; BCVA,
best corrected visual acuity.
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Table 2 Comparison of the success and non-success groups (SD)
SLT success* at 1 year

Covariate Yes No p Value

Continuous
Age (years) 70.76 (10.68) 68.62 (10.48) 0.4047
Baseline IOP (mm Hg) 26.05 (4.82) 20.97 (2.85) 0.0000
IOP (mmHg) at 1 hour post-treatment 25.23 (5.76) 21.14 (4.82) 0.0024
Total energy (mJ) 44.95 (10.73) 43.87 (10.83) 0.6825

Categorical
Sex (F/M) 18/25 12/17 0.968
Glaucoma type (OAG/others) 29/14 17/12 0.445
Previous ALT (Y/N) 12/31 7/22 0.722
Other surgery during study (Y/N) 20/19 13/14 0.802
Hypertension (Y/N) 5/34 9/20 0.066
Diabetes mellitus (Y/N) 1/38 1/28 0.831
Myopia (Y/N) 3/36 3/26 0.504
Family history of glaucoma (Y/N) 9/30 2/27 0.073
TM pigmentation (grade 1-4)+ 1256 955 0.489
BCVA (median)t 20/30 20/30 0.834

OAG, open angle glaucoma; Y/N, yes/no; TM, trabecular meshwork; BCVA, best corrected visual acuity.

*SLT induced IOP reduction greater than or equal fo 20% of pretreatment IOP.

tKruskal-Wallis rank sum fest.

Fisher’s exact test for equality of median.

had an IOP spike defined as having =6 mm Hg rise in IOP
from baseline at 1 hour post-treatment.

The baseline IOP for the success group ranged from 18-
36 mm Hg and for the non-success group 16-28 mm Hg. A
clear trend of steady post-treatment IOP reduction was
observed in the success group, whereas in the non-success
group there was no significant improvement in terms of IOP
reduction throughout the 12 months (table 3). In both
outcome groups, patients with lower baseline IOP had lower
IOP at 1 year post-treatment (success: p = 0.0002; non-
success: p=0.0001). On the other hand, it was observed in
the success group that patients with higher baseline IOP had
significantly greater IOP reduction induced by SLT
(p=0.00001), but mnot in the non-success group
(p=0.2292). The best corrected visual acuity was similar in
both groups at baseline and throughout the 1 year follow up.
As for the effect of previous ALT treatment, there is no
significant difference in IOP regardless of the patients’
success status at 1 year, except at 6 months post-treatment
(p=0.0444).

Table 4 provides the simple and multivariate logistic
models fitted to obtain the odds ratios (ORs) of the predictor
variables. In simple logistic models, both baseline IOP and
IOP at 1 hour post-treatment appeared to be significant
predictors, but the significance of IOP at 1 hour post-
treatment diminished in the multivariate model; multi-
collinearity was suspected, since baseline IOP and IOP at
1 hour post-treatment are highly correlated (r=0.7865,
p =0.00001).

The final multivariate logistic model provided an OR of
1.58 for baseline IOP as a predictor of SLT success; the OR
could be interpreted as given that other variables in the

multivariate model were controlled for, for every 5 mm Hg
increase in baseline I0P, the odds of having successful SLT
treatment outcome increases 10 times.

DISCUSSION
To the best of our knowledge, our study is the first highly
successful SLT predictor study derived from high quality data
of a randomised clinical trial. The results suggest that SLT
success does not depend on age or sex. None of the glaucoma
risk factors were found to be significant predictors. Family
history of glaucoma was the closest to being significant, but
since the analysis was not adequately powered to detect a
difference, we cannot draw conclusions based on these data.
Interestingly, unlike ALT, TM pigmentation and type of
glaucoma did not predict better outcome. Our results agree
with previous findings that lower baseline IOP predicts lower
post-treatment IOP,” °* and patients with higher baseline
IOP benefit more from the laser treatment in terms of total
IOP reduction.”” Unlike previous studies where arbitrary cut
offs of high baseline IOP were used in the analysis, we
demonstrated a continuous relation between baseline IOP
and post-treatment IOP reduction to be significant. Since our
definition of success is based on the patients’ relative
response to the SLT treatment, we expect to observe most
patients in the success group to have higher baseline IOP. As
reported in the results section, the non-success group had a
narrower range of baseline IOP than the success group, and
all non-success patients had a baseline IOP of <29 mm Hg;
thus, the data might seem to indicate a regression towards
the mean effect. However, the fact that even after all patients
with IOP =30 mm Hg at baseline were excluded in a separate
analysis, the results still suggested that higher baseline IOP

Table 3  Post-treatment IOP* throughout the 1 year follow up period

Post-treatment IOP reduction IOP reduction

follow up =20% <20% p Value
1 e 25.23 (5.76) 21.14 (4.82) 0.0024
1 week 21.08 (5.76) 20.14 (4.79) 0.2130
1 month 20.85 (5.52) 18.58 (3.52) 0.0655
3 month 19.41 (5.47) 18.46 (3.88) 0.4424
Eimorty 17.92 (4.04) 18.32 (5.11) 0.7217
12 month 16.60 (3.39) 20.00 (5.78) 0.0025

*Mean number (SD).
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Table 4 Multivariate logistic regression analysis result

Covariates

Odds ratio (95%
confidence interval)
Baseline IOP

IOP at 1 hour
Hypertension
Family history

1.47 (1.2, 1.8)
1.16 (1.0, 1.3)

Models 1 2 3

0.33 (0.1, 1.1)

4 Multivariate

5

1.58 (1.2, 2.1)
0.91 (0.8, 1.1)
0.59 (0.1, 2.8)

4.05 (0.8, 20.4) 3.56 (0.5, 24.9)

predicted better chance of SLT outcome in terms of post-
treatment IOP reduction.

Our result regarding predictors of successful SLT are
comparable to previous studies on successful ALT. Baseline
IOP was found to correlate with IOP reduction post-ALT as
well.**”” Lower baseline IOP predicts lower post-ALT IOP, and
higher baseline IOP predicts greater IOP reduction post-ALT.
Interestingly, in ALT studies it was also found that presence
of pseudoexfoliation,* ALT performed as primary therapy,* **
grade of pigmentation,”* and number of preoperative
antiglaucoma medications correlated with success.”® In our
study previous ALT did not influence the success of SLT at
1 year.
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