Received: 21 January 2023

'.) Check for updates

Accepted: 17 May 2023

DOI: 10.1111/a0s.15718

ORIGINAL ARTICLE

Long-term follow-up of laser trabeculoplasty in multi-treated

glaucoma patients

Erika Rasmuson
Johan Aspberg®’ |

1
|

'Department of Clinical Sciences,
Ophthalmology, Umea University, Umea,
Sweden

“Department of Clinical Sciences in
Malmo, Ophthalmology, Lund University,
Malmo, Sweden

3Department of Ophthalmology, Skane
University Hospital, Malmd, Sweden

AWallenberg Centre for Molecular
Medicine, Umeé University, Umeé, Sweden

Correspondence

Erika Rasmuson, Department of
Clinical Sciences, Ophthalmology, Umea
University, SE-901 85 Umea, Sweden.
Emalil: erika.rasmuson@umu.se

Funding information

Crown princess Margaretas foundation;
Ingrid Nordmark's foundation;
Insamlingsstiftelserna vid Umeé
Universitet; Lunds Universitet;
Ogonfonden; the Crongvist foundation; the
foundation for visually impaired in former
Malmohus County; the Herman Jarnhardt
foundation; the King Gustav V and Queen
Victoria's Freemason Foundation; the
Margit and Kjell Stolz Foundation; the
Swedish Medical Society Foundation; the
Swedish Society for Medical Research;
Umea Universitet; Vasterbotten Lins
Landsting

1 | INTRODUCTION

Boel Bengtsson

Sabina Andersson-Geimer

Christina Lindén'
2.3 |

2 | | Anders Heijl® |

Gauti Jéhannesson'*

Abstract

Purpose: To evaluate the long-term effect of laser trabeculoplasty (LTP) in pa-
tients randomized to multi-treatment in the Glaucoma Intensive Treatment
Study (GITS).

Methods: Patients with untreated newly diagnosed open-angle glaucoma were
treated with three intraocular pressure (IOP)-lowering substances for 1week
and then 360° argon or selective LTP was performed. IOP was measured just
before LTP and repeatedly during the 60-month study period. Our previous
report on 12months follow-up data revealed no effect of LTP in eyes having an
IOP <15mmHg before the laser treatment.

Results: Before LTP, the mean IOP+standard deviation in all 152 study-eyes of
122 multi-treated patients was 14.0+3.5mmHg. Three eyes of three deceased
patients were lost to follow-up during the 60 months. After exclusion of eyes
that received increased therapy during follow-up, the IOP was significantly
reduced at all visits up to 48months in eyes with pre-LTP IOP >15mmHg;
2.6+3.1mmHg at 1 month and 1.7+£2.8 mmHg at 48 months, n=56 and 48, re-
spectively. No significant IOP reduction was seen in eyes with pre-LTP IOP
<15mmHg. Seven eyes, i.e., <13%, with pre-LTP IOP >15mmHg at baseline had
required increased IOP-lowering therapy at 48 months.

Conclusion: LTP performed in multi-treated patients may provide a useful IOP
reduction that is maintained over several years. This was true on a group level
when the initial IOP was >15mmHg, but if the pre-laser IOP was lower than
that, chances of LTP success were small.
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trabeculoplasty (SLT) reduce IOP with similar efficacy
(Bovell et al., 2011; Damji et al., 2006; Kent et al., 2015).

Laser trabeculoplasty (LTP) is an established method to
reduce intraocular pressure (IOP) in open-angle glau-
coma (OAG) and ocular hypertension (OH). It is often
used as a complement to IOP-lowering drops to pre-
vent glaucoma progression (Francis et al., 2005; Latina
et al., 1998; Pillunat et al., 2016). The method is safe,
cost effective and independent of patient adherence.
Elevated IOP is a major predictor for LTP success (Garg
et al., 2019; Heijl et al., 2011; Pillunat et al., 2016). Both
argon laser trabeculoplasty (ALT) and selective laser

It has been known for a long time that primary treat-
ment with LTP may be effective in open-angle glaucoma
(Bergea et al., 1994; Shazly et al., 2010; The Glaucoma
Laser Research Group, 1990; Tuulonen et al., 1989).
However, the use of LTP as primary treatment has in-
creased in recent years due to the publication of the Laser
in Glaucoma and ocular Hypertension Trial (LiGHT)
(Gazzard et al., 2018). LiIGHT is a randomized controlled
study, comparing SLT to drops as first-line treatment in
patients with primary open-angle glaucoma (POAG)
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and OH. Most studies investigating primary LTP include
eyes with relatively high IOP levels prior to LTP (Bergea
et al., 1994; Gazzard et al., 2019, 2022; Shazly et al., 2010;
Tuulonen et al., 1987).

The Glaucoma Intensive Treatment Study (GITS)
is a two-centre, prospective, randomized, controlled
clinical trial carried out in Malmo and Umed, Sweden.
Eyes with newly diagnosed POAG or pseudoexfoliation
glaucoma (PEXG) were randomized to either a conven-
tional step-wise approach starting with monotherapy or
intensive treatment with drops from three different drug
classes followed by 360° LTP (multitherapy) 1 week later
(Bengtsson et al., 2018). The effect of LTP up to 1year
in multi-treated patients has previously been reported,
and we demonstrated that the pressure reduction was
strongly affected by the level of the pre-laser IOP. That
report included a linear regression analysis defining
the correlation between pre-LTP IOP and the IOP re-
duction after laser treatment. It showed that LTP was
beneficial in multi-treated eyes if the IOP before laser
was >15mmHg and that the effect was maintained up to
1 year, but this was not true for eyes with IOP lower than
15 mmHg (Rasmuson et al., 2021).

In the current study, we investigated if the IOP-
lowering effect was sustained beyond 1 year of follow-up
in these eyes with pre-laser IOP 215 mmHg Thus, the aim
was to study the long-term effect of LTP based on data
from the GITS 5-year follow-up.

2 | MATERIALS AND METHODS

The patients were randomized to start either with mono-
therapy according to glaucoma guidelines (Heijl et al.,
2012; European Glaucoma Society, 2020), i.e., a stepwise
treatment regimen starting with a single eye drop followed
by additional therapy when deemed necessary, or to start
with multitherapy consisting of intensive treatment in-
cluding eyedrops with drugs from three different classes.
In the latter group, 360° LTP was performed by five ex-
perienced glaucoma physicians (AH, CL, GJ, JA, SAG)
1 week after the initiation of the IOP-lowering eye drops.
The treatment arms were not masked for the research-
ers. Methodology, study design, laser procedures and
patient characteristics have been previously described
(Bengtsson et al., 2018). Briefly, the GITS included pa-
tients aged 40-78 years with newly diagnosed, untreated
POAG or PEXG in at least one eye. All levels of IOP were
accepted. Changes in therapy were made at the discretion
of the treating physician, based on continuous clinical as-
sessments of the progression rate of the glaucoma, and
the effect and tolerability of the treatment. The current
study comprised all eyes that were randomized to multi-
therapy. IOP measurements, performed with Goldmann
applanation tonometry by research nurses certified for
the GITS study, were scheduled at the visits after 1, 3, 6,
12, 18, 24, 30, 36, 48 and 60 months. Changes in glaucoma
medication, additional LTP, and/or glaucoma surgery
were registered. The IOP level measured just before LTP
is hereafter referred to as “pre-LTP IOP”.

The study was conducted in accordance with
good clinical practice and followed the tenets of the

Declaration of Helsinki. It was approved by the Regional
Ethical Review Board in Lund, Sweden, by the Swedish
Medical Product Agency, D-no. 5.1-2013-64 667, and
registered in EudraCT, Eu-no. 2013-002895-42. Written
informed consent was obtained from all participants.

2.1 | Statistical analysis

Descriptive data were presented as mean and standard
deviation (SD). Generalized Estimated Equations were
used to calculate p-values for a mix of one or two eyes
per patient in the analysis of results in IOP reduction at
different time points. For further analysis, eyes were di-
vided into two groups based on the level of pre-LTP IOP,
one group with pre-LTP IOP <15mmHg and the other
group with pre-LTP IOP 215 mmHg, as based on our pre-
viously published results, c.f. above. Eyes that required
additional IOP-lowering drops, LTP or glaucoma sur-
gery during the study period were considered treatment
failures. SPSS version 28.0 IBM was used for data analy-
sis. A p-value <0.05 was considered significant.

3 | RESULTS

One hundred twenty-four patients (155 eyes) were ran-
domized to multitherapy, but two patients (three eyes)
withdrew immediately. Thus, 152 eyes of 122 patients
underwent LTP. During follow-up three patients passed
away (three eyes), leaving a total of 119 patients (149 eyes;
98%) that completed 60 months of follow-up (Figure 1).
The mean patient age was 68.7 (£5.8) years and 45% were
female (n=>55). Twenty-five per cent of the eyes (n=38)
had PEXG and 75% had POAG (n=114). SLT was applied
in 125 eyes (82%) and the remaining 27 eyes received ALT.

At 60months, 74% of all eyes (n=112) had required
neither a reduction nor an increase in IOP-lowering
drops. In 14%, the number of drops was reduced (2=22)
during the 60-month follow-up period (=18 in eyes with
pre-LTP IOP <15mmHg and n=4 in eyes with pre-LTP
>15mmHg). Twelve per cent (n=18) required enhanced
IOP-lowering therapy (Figure 1).

After 60 months of follow-up, 86% (n=131) of all eyes
originally included had not received enhanced IOP-
lowering treatment, i.e., 89% (n=85) of eyes in the pre-
IOP <15mmHg group and 82% (n=46) of the eyes in the
pre-IOP >15mmHg group. Two per cent of all eyes (n=3)
were lost in follow-up due to death.

The mean untreated IOP, i.e., prior to IOP-lowering
drops, was 25.3 (+7.9) mmHg. One week after initiation
of topical therapy, but before LTP the mean IOP in all
eyes was 14.0 (+3.5) mmHg (n=152). The IOP changes
during follow-up are shown in Table 1. Eyes that received
enhanced IOP lowering therapy are included in Table 1
irrespective of additional therapy.

The mean change in IOP (Table 2) and mean IOP
(Figure 2) are shown at each follow-up visit for eyes with
pre-LTP IOP <15 and >15mmHg separately. Eyes that re-
quired additional IOP-lowering drops, LTP or glaucoma
surgery during follow-up were considered treatment
failures. They were excluded from the analysis after the
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152 eyes included in multi-therapy receiving 3
substances of IOP-lowering medications
96 eyes with pre-LTP 56 eyes with pre-LTP
IOP <15 mmHg IOP 215 mmHg
| SLT/ALT 360° | sLr/ALT360° |
Follow-up at 1 month Follow-up at 1 month Deceased during
Deceased during (n=96) (n=56) follow-u
follow-up n=1 P
n=2
Increased IOP- | Incre.ased IOP- _
lowering therapy: | lowDerlng theirzpy.
Dropsn=2 Follow-up at 60 months Follow-up at 60 months ETOES n__z
LTPn=2 without increased IOP- without increased IOP- n=
S = 5% . . Surgery =2
urgery n lowering therapy lowering therapy >2ab Z,
(n=85) (n = 46) =<aboven

FIGURE 1 Flow-chart of study eyes based on the IOP cut-off of IS mmHg. The figure shows the number of eyes lost in follow-up as well as
the increase of glaucoma treatment. IOP, intraocular pressure; SLT, selective laser trabeculoplasty; ALT, argon laser trabeculoplasty; LTP, laser
trabeculoplasty. Surgery also include transscleral cyclophotocoagulation. *The 5 eyes also received other additional IOP-lowering therapy.

TABLE 1 Intraocular pressure change (mmHg) after LTP, all eyes.

All eyes Pre-LTP IOP <15SmmHg Pre-LTP IOP 215mmHg

Follow-up Mean SD n P Mean SD n 4 Mean SD n 4

I month -1.2 3.0 152 <0.001 -0.3 2.7 96 0.27 -2.6 3.1 56 <0.001
3months -1.1 3.2 152 <0.001 -0.0 2.8 96 1.0 -3.0 3.1 56 <0.001
6months -0.7 33 151 0.02 +0.3 2.7 95 0.26 -2.6 34 56 <0.001
12months +0.1 3.8 150 0.68 +1.5 3.2 94 <0.001 -2.1 3.8 56 <0.001
24months +0.2 33 150 0.51 +1.5 2.8 94 <0.001 -1.9 3.0 56 <0.001
36months +0.3 33 150 0.32 +1.5 2.7 94 <0.001 -1.7 3.2 56 <0.001
48 months +0.1 3.2 149 0.87 +1.0 2.9 94 0.002 -1.6 3.1 55 <0.001
60months +0.9 4.6 149 0.02 +2.2 43 94 <0.001 -1.2 43 55 0.05

Abbreviations: LTP, laser trabeculoplasty; IOP, intraocular pressure; SD, standard deviation; n, number of eyes; p=p-value.

treatment had been increased. The association between
pre-LTP IOP and IOP change in the eyes are shown in
Figure 3.

In separate analyses depending on the type of glau-
coma, the eyes with POAG (n=114) had a mean untreated
IOP of 24.1 (+7.0) mmHg and the corresponding value
was 28.7 (£9.3) in the PEXG group (n=38). After treat-
ment with three IOP-lowering substances, the IOP was
14.0 (£3.6) mmHg and 13.9 (+3.2) mmHg in the POAG
and PEXG group, respectively. No significant differences
in IOP reduction were seen between POAG and PEXG,
except at 60 months where the PEXG group had signifi-
cantly higher IOP than the POAG group (p=0.025), +2.4
and +0.5mmHg respectively. The proportion of PEXG in
the study was 25%. Of the 18 eyes that had an enhance-
ment of treatment 11 had POAG (61%) and 7 had PEXG
(39%). Of the cases that had a reduction of treatment
(n=22), 14 had POAG (64%) and 8 had PEXG (36%).

There was no significant difference in IOP reduction
between 12 and 60months depending on whether eyes
were treated with ALT or SLT.

4 | DISCUSSION

In this study of eyes that have already received multith-
erapy with Syears of follow-up, the pressure-lowering ef-
fect of LTP and its duration was highly dependent on the
IOP level before the laser treatment. This study indicated
a sustainable IOP reduction that lasted for up to 4years
in the group of eyes where pre-LTP IOP was >15mmHg.
This result was particularly interesting since eyes with
reduced IOP-lowering treatment during follow-up were
included in the analysis and this may have affected the
IOP-lowering effect negatively. Consequently, the IOP-
lowering effect of LTP in this group might be better than
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TABLE 2 Intraocular pressure change (mmHg) after LTP, eyes that received increased treatment were excluded after the increase.
Pre-LTP IOP <15SmmHg Pre-LTP IOP 215mmHg
Follow-up Mean SD n Y4 Mean SD n P
I month -0.3 2.7 96 0.27 -2.6 3.1 56 <0.001
3months +0.01 2.8 96 0.97 -29 2.9 55 <0.001
6months +0.4 2.7 95 0.23 2.4 32 55 <0.001
12months +1.5 3.2 94 <0.001 -19 34 55 <0.001
24months +1.5 2.8 92 <0.001 -1.8 2.8 53 <0.001
36months S 2.7 89 <0.001 -1.7 29 50 <0.001
48 months +1.1 2.8 87 0.002 -1.7 2.8 48 <0.001
60months +2.2 3.1 85 <0.001 =07 4.3 46 0.32

Abbreviations: LTP, laser trabeculoplasty; IOP, intraocular pressure; SD, standard deviation; n, number of eyes; p=p-value.
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Months after LTP

FIGURE 2 Mean value (including one standard deviation) of IOP after LTP, eyes that received increased treatment are excluded after the
increase. The dotted line represents the eyes with pre-LTP IOP <I5mmHg and the solid line represents the eyes with pre-LTP IOP >15mmHg.

IOP, intraocular pressure; LTP, laser trabeculoplasty; n=number of eyes.

reported. However, the LTP had no significant IOP-
lowering effect in eyes with pre-LTP IOP <I5mmHg on
a group level, where the IOP on the contrary increased
over time. A possible explanation to this result was
that treatment was reduced during follow-up in 12% of
these eyes which may have contributed to the increase.
Furthermore, the vast majority (82%) of the group with
pre-LTP IOP >15mmHg did not receive any enhance-
ment of therapy during the five-years of follow-up.

The IOP reduction of almost 2mmHg after 4§ months
that was seen in the eyes with pre-LTP IOP >15mmHg
was not only statistically significant but can also be con-
sidered clinically significant. Large randomized con-
trolled studies (Chauhan et al., 2008; Gordon et al., 2002;
Leske et al., 2003; Miglior et al., 2007) have shown that
the reduction of risk of visual field progression decreases
with 10-20% for each mmHg lower IOP. Thus, by further
lowering IOP with 1-2mmHg from already relatively low
pressures is likely to have a significant clinical impact on
the visual field progression.

Since LTP is a safe and relatively simple procedure,
it can be a valuable intervention and may in some cases
delay the need of glaucoma surgery, which is often the
next treatment step for these patients. However, ac-
cording to our results, it is less likely that LTP will pro-
vide additional IOP reduction if the IOP is lower than
15mmHg. Therefore, this cut off may provide clini-
cal guidance not to consider LTP in these cases. This
result is in line with previous studies. Pillunat et al.
studied multi-treated patients that received SLT and
concluded that eyes with pre-laser IOP below 14 mmHg
may not benefit from SLT at all (Pillunat et al., 2016).
In the Early Manifest Glaucoma Trial (EMGT), eyes
with newly-diagnosed glaucoma were treated with
ALT 1week after initiation of betaxolol treatment.
Their mean baseline IOP was, as expected, higher than
in our study group,I8 mmHg vs. 14mmHg, and the au-
thors concluded, similar to the current study, that ALT
had no pressure lowering effect when IOP was lower
than 15 mmHg (Heijl et al., 2011).
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FIGURE 3 Scatterplot showing the association between pre-LTP IOP and IOP change at the 4§ months follow-up visit. The horizontal line
represents no change in IOP after LTP and the vertical line marks 15 mmHg. Negative values on the y-axis represent a reduction of IOP. Circles
express the number of eyes (scale). Twenty-seven eyes (31%) in the group with IOP <15SmmHg and 33 eyes (69%) in the group with IOP215mmHg
had a reduction of IOP after LTP after 4§ months of follow-up. LTP, laser trabeculoplasty; IOP, intraocular pressure.

There are conflicting results in the literature regard-
ing the effect and duration of SLT. In the LiGHT, 70%
of the eyes that received primary SLT with allowed re-
treatment during follow-up remained at or below target
IOP without the need for additional medical or surgi-
cal treatment at 6years. (Garg et al., 2019; Gazzard
et al., 2022). In contrast to the LiIGHT results, Khawaja
et al. retrospectively reviewed glaucoma eyes that had
received their first SLT, and they showed that although
the majority of eyes initially responded to SLT treat-
ment, 75% of the eyes had failed after approximately
2years. (Khawaja et al., 2020) However, there were im-
portant methodological differences between those two
studies. The LiGHT study was prospective including
previously untreated eyes and the Khawaja et al. study
was retrospective with treated eyes. Furthermore, and
perhaps more importantly, the definitions of success
and failure between the studies were very different. In
the LiGHT, success was defined as keeping a set target
pressure, without any additional drops or surgery. In
the Khawaja et al. study, an additional IOP-reduction
criterion was included: IOP <21 mmHg or IOP reduc-
tion <20% from baseline. Given the large discrepancies
between these two studies, our current study adds valu-
able evidence to the literature: LTP can provide a long-
lasting IOP-lowering effect, and not just a target IOP
as in the LiGHT trial, if subjects with IOP >15mmHg
are studied.

In the current study, there was no difference in LTP
effect between eyes with POAG or PEXG, neither at 12
(Rasmuson et al., 2021) nor the 60-month follow-up vis-
its. This was unexpected since patients with PEXG often
have highly pigmented trabecular meshwork. There are
studies suggesting a greater effect of SLT in eyes with
a higher degree of angle pigmentation as this results in
greater absorption of laser energy (Kara et al., 2013;
Wasyluketal., 2014; Zaninetti & Ravinet, 2008). However,
several studies show similar treatment response in eyes
with POAG and PEXG (Ayala & Chen, 2011; Koucheki

& Hashemi, 2012; Shazly et al., 2010). In addition, PEXG
patients generally present with higher IOP levels than
POAG. Our results might be explained by the fact that
our study eyes had already achieved a substantial IOP
reduction due to multi-treatment, and the effect of LTP
was positively associated with pre-LTP IOP. In EMGT,
a greater pressure-lowering effect was observed in pa-
tients with exfoliation glaucoma than in POAG patients.
However, the difference was not significant in the multi-
variate analysis, which suggests that the difference might
have been influenced by the higher pre-treatment IOP
in the PEXG group. (Heijl et al., 2011) In our previously
published data, ALT resulted in a significantly greater
IOP reduction than SLT during the first 12months of fol-
low-up (Rasmuson et al., 2021). However, this difference
was not found at time points later than 1 year.

The current study had several strengths and limita-
tions that are important to take into consideration when
interpreting the results. The main strength of this study
was the prospective design with a standardized protocol
for LTP treatment and follow-up examinations. In ad-
dition, a strength of this study was the long follow-up
period and that all multi-treated patients that were
still alive at the end of the study remained in the study
throughout the 5-year follow-up with 98% attendance at
the last control.

A limitation of this study was the fact that the GITS
was not designed to investigate the long-term effect of
LTP and therefore did not include a multi-treated con-
trol group that had not received LTP. Inclusion of such
a group would have further clarified the exact long-term
effect of the LTP treatment. Furthermore, selection bias
needs to be taken into consideration when interpreting
the results as some of the eyes received additional ther-
apy during the follow-up. An additional limitation was
that the treatment response was based on a single pre-
LTP IOP measurement 1 week after the initiation of top-
ical therapy but prior to LTP, which may contribute to
regression to the mean.
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To conclude, LTP performed in multi-treated pa-
tients may provide a useful IOP reduction that is main-
tained over several years. This is true on a group level
when the initial IOP is 215 mmHg, but if the pre-laser
IOP is lower than that, the chance of LTP success is
small.
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