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Purpose: This study investigated the efficacy and safety of selective laser trabeculoplasty (SLT) in Korean patients with medi-
cally uncontrolled pseudoexfoliation glaucoma (PEXG).

Methods: This retrospective observational study enrolled 43 medically uncontrolled PEXG patients who underwent a 360°
SLT and were followed up for at least 12 months after SLT. The intraocular pressure (IOP) before and after SLT at 1 week, 1, 3,
6, and 12 months was evaluated. Treatment success was defined as an IOP reduction of 220% from the baseline and an I0OP
equal to lower than 22 mmHg without additional anti-glaucomatous intervention. Additionally, every follow-up medical re-
cord was reviewed to assess any possible side effects of SLT.

Results: Based on the Kaplan-Meier survival analysis, the treatment success rate at 12 months after SLT was 41.9% (18 eyes).
For the success group at the 12 months follow-up, SLT showed a mean IOP reduction of 10.3 + 5.0 mmHg (from 25.6 *+ 4.4 to
15.2 + 2.9 mmHg; 39.3%, p < 0.05). Among the 25 eyes that were considered as the treatment failure group, 14 eyes under-
went glaucoma filtering surgeries, four eyes received additional SLT, and further intervention and follow-up was refused for
seven eyes. During the overall follow-up period, there were no significant adverse events.

Conclusions: SLT is a partially effective and safe procedure for lowering IOP in Korean patients with medically refractory

PEXG. Therefore, it can be considered as one of the alternative treatment modalities in patients who are at high risk for con-

ventional filtering surgery.
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Intraocular pressure (IOP) seems to be the only modifi-
able risk factor in the development and progression of
glaucoma. Therefore, lowering the IOP is currently the
standard treatment in the management of glaucoma [1]. Se-
lective laser trabeculoplasty (SLT) uses a 532-nm
Q-switched, frequency-doubled Nd:YAG laser with nano-
second pulse duration, which selectively targets the pig-
mented trabecular meshwork without collateral thermal
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damage to the adjacent non-pigmented trabecular mesh-
work and underlying trabecular beams [2]. Many studies
have reported that SLT is an effective therapy for lowering
IOP in primary open-angle glaucoma (POAG) and ocular
hypertension [3-7].

Pseudoexfoliation syndrome is a known significant risk
factor for glaucoma, and several studies reported that
pseudoexfoliation glaucoma (PEXG) is a common form of
secondary open-angle glaucoma [8-10]. It has worse IOP
characteristics, resulting in a relatively poor prognosis
compared to that of POAG [11-13]. Although there have
been several reports that SLT is an effective procedure for
lowering the IOP in patients with PEXG [12,14,15], very
few studies have reported the treatment outcome of SLT in
PEXG patients with uncontrolled IOP despite maximum
tolerated medical therapy [15]. Besides, as far as we know,
there has never been any research on the IOP-lowering ef-
ficacy of SLT exclusively for medically refractory PEXG
patients in Korean population. Considering the possible ra-
cial difference in the IOP-lowering efficacy of SLT [16],
very limited information is available for choosing SLT in
Korean medically refractory PEXG patients. The purpose
of this study was to investigate the efficacy and safety of
SLT in Korean patients with PEXG whose IOP was not ad-
equately controlled with maximum tolerated medical ther-

apy.

Materials and Methods

Participants

This was a retrospective observational study. Eyes with
medically uncontrolled PEXG that underwent SLT during
the period from February 2012 to August 2017 and met the
eligibility criteria were consecutively enrolled from the
glaucoma clinic of HanGil Eye Hospital (Incheon, Korea).
The study protocol was approved by the institutional review
board of HanGil Eye Hospital (Hangil IRB-21002-MI) and
the need to obtain informed consent was waived due to the
retrospective nature of the study. All study procedures ad-
hered to the tenets of the Declaration of Helsinki.

Patients aged 18 years or older with medically uncon-
trolled PEXG had to meet the following inclusion criteria:
(D) pseudoexfoliative material deposition in the anterior
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segment, (2) typical glaucomatous optic nerve damage, and
compatible visual field defect, and (3) IOP greater than 21
mmHg despite maximum tolerated medical therapy
[9,11,16]. Regarding pseudophakic eyes, the following crite-
ria were applied for the diagnosis of pseudoexfoliation. (1)
The documentation of pseudoexfoliation syndrome prior to
cataract surgery or (2) exfoliation materials were deposited
at the pupillary border with pigment loss in the pupillary
ruff with or without other characteristic iris changes (i.e.,
transillumination defects at the iris sphincter region, loss
of the pupillary ruff, pigment deposition on the iris sur-
face, and poor and impaired pupillary dilation) [17-19]. In
cases where both eyes of a subject were eligible for the
study, only one eye was randomly chosen for inclusion.

Eyes with other types of glaucoma, history of other ocu-
lar diseases or trauma, intraocular surgery except for un-
complicated cataract extraction, previous laser treatment,
and neurologic disease that could affect the visual field
were excluded. Patients who could not be followed up for
at least 12 months after SLT were also excluded.

Laser procedures

We performed SLT with a frequency-doubled Q-switched
Nd:YAG laser (Laserex Solo; MedWrench, Brentwood, TN,
USA) that delivers a 532-nm wavelength laser light at a
pulse duration of 3 ns and a spot size of 400 um. One drop
of 5% proparacaine hydrochloride eye drops was adminis-
tered before the SLT procedures for anesthesia. A
three-mirror Latina SLT Goniolens (Ocular Instruments,
Bellevue, WA, USA) was placed on the surface of the eye
with 1% methylcellulose. The entire 360° angle was treat-
ed. Approximately 100 non-overlapping laser spots were
applied over 360° of the trabecular meshwork. To deter-
mine the energy level of the SLT for each eye, the laser en-
ergy was initially set at 0.6 mJ, and then the energy level
was increased by increments of 0.1 mJ until a microcavita-
tion bubble formation was observed. It was also adjusted
based on the level of trabecular meshwork pigmentation.
The mean energy level used in the present study ranged
from 0.6 to 1.0 mJ. No steroids or nonsteroidal anti-inflam-
matory drugs were used postoperatively.
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Follow-up

Prior to the SLT treatment, all patients underwent a
complete ophthalmic examination, including measurement
of the best-corrected visual acuity (BCVA), IOP by Gold-
mann applanation tonometry, slit lamp examination, go-
nioscopy, dilated fundus examination, and standard auto-
mated perimetry using the 24-2 Swedish Interactive
Thresholding Algorithm program (Humphrey field analyz-
er II; Carl Zeiss Meditec, Dublin, CA, USA). Within
24 hours after SLT, IOP was measured to detect the IOP
spike. Then, patients were followed up at postoperative
1 week and 1, 3, 6, and 12 months after the treatment. At
each subsequent follow-up, BCVA measurement, Goldman
applanation tonometry, and slit lamp examination were
performed. All complications were recorded and treated
appropriately. Additionally, ocular medications were re-
viewed before SLT and at each follow-up. Medication
changes were made at the physician’s discretion, consider-
ing the target IOP. Significant side effects were defined as
IOP spike (when the IOP measured within 24 hours after
the procedure increased by more than 5 mmHg compared
to the pre-treatment level), hyphema, uveitis, macular ede-
ma, or choroidal effusion.

Treatment outcome

The primary treatment outcome was evaluated by the
success rate, which was measured based on the IOP
(mmHg) before and after SLT at 1 week, and 1, 3, 6, and 12
months. Success was defined as an IOP reduction of >20%
from the baseline and an IOP <22 mmHg without addi-
tional anti-glaucomatous interventions. Failure was defined
as an IOP reduction of <20% from the baseline at each vis-
it and/or an IOP >22 mmHg, which required additional
treatment. Then, in the case of an adjunctive treatment in-
cluding systemic medications, repetitive SLT, or filtering
surgery, the eye was excluded from further analysis at
subsequent follow-up visits. Other outcome measures in-
cluded changes in the number of IOP-lowering medications
and complications.
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Statistical analysis

The efficacy of SLT was assessed by the 12 months sur-
vival calculated using Kaplan-Meier survival analysis.
Student’s z-test for paired data was used to evaluate the
changes in IOP and number of medications at each fol-
low-up visit from the baseline values. To compare the dif-
ferences in clinical parameters measured at baseline be-
tween the success and failure groups, the Mann-Whitney
test and chi-square test were used, whenever appropriate.
Differences in continuous variables including age, baseline
IOP, and visual field mean deviation (MD) were calculated
using the Mann-Whitney test. For the comparisons of cate-
gorical variables including sex and lens status, the chi-
square test was used for the analysis. In addition, we per-
formed univariate and multivariate Cox regression
analyses to assess the baseline factors associated with
treatment failure. Multiple regression analysis with a back-
ward stepwise variable selection was also performed to in-
vestigate the baseline factors that influence IOP reduction
following SLT in the treatment success group. All statisti-
cal analyses were performed using IBM SPSS Statistics
ver. 25.0 (IBM Corp., Armonk, NY, USA). A p-value of
less than 0.05 was considered statistically significant.

Results

Forty-three eyes of 43 patients (24 males and 19 females)
who met the eligibility criteria were consecutively enrolled
in the study. The mean age of the study subjects was 74.2
+ 8.2 years. The mean baseline IOP was 26.7 + 5.8 mmHg
and the mean number of IOP-lowering medications was 3.7
+ 0.8. The mean BCVA was 0.25 + 0.3 logarithm of the
minimum angle of resolution and spherical equivalents
was -0.25 + 1.4 diopters. For the baseline visual field pa-
rameter, the MD was -18.2 + 9.2 dB and pattern standard
deviation (PSD) was 8.2 + 4.0 dB (Table 1).

Regular follow-ups were performed after 1 week, 1, 3, 6,
and 12 months after SLT. The mean IOP of enrolled pa-
tients at each time point of 1 week, 1, 3, 6, and 12 months
after SLT were 157 + 3.8, 164 £ 3.5, 158 £ 2.8, 16.8 + 3.4,
and 15.2 = 2.9 mmHg, respectively, and all the mean IOP
at each time periods after SLT were significantly lower
than the baseline IOP (all p < 0.05) (Table 2). Additionally,
during the entire follow-up period, there was no serious



adverse event following SLT.

According to the Kaplan-Meier survival analysis, the
success group at 12 months after SLT included 18 eyes of
18 patients, and the success rate was 41.9% (Fig. 1). The
failure group comprised 25 eyes of 25 patients. Among
them, 14 eyes underwent filtering surgeries, while four
eyes underwent repeated SLT treatment. However, further
treatment for the other seven eyes was denied due to old
age and poor general conditions. One eye of four eyes re-
treated by SLT underwent filtering surgery at 13 months

Table 1. Demographics and ocular characteristics of patients
with pseudoexfoliation glaucoma

Baseline characteristics Value

Age (yr) 74.2 £ 8.2 (56 to 88)
Sex (male : female) 24 (55.81): 19 (44.19)
Baseline IOP (mmHg) 26.7+£5.8(22t0 43)

No. of medications 3.7£0.8(2t05)

Phakia : pseudophakia 21 (48.84): 22 (51.16)

BCVA (logMAR) 0.25+0.3 (0 t0 1.3)
Spherical equivalents 2025+ 1.4 (-5.13 to +2.25)
(diopters)
VFindex  MD (dB) -18.2+9.2 (-31.38 10 -0.75)
PSD (dB) 8.2+ 4.0 (1.74 to 14.75)

Values are presented as mean =+ standard deviation (range) or
number (%).

IOP = intraocular pressure; BCVA = best-corrected visual acuity;
logMAR = logarithm of the minimum angle of resolution; VF
= visual field; MD = mean deviation; PSD = pattern standard
deviation.

Table 2. Mean IOP of enrolled patients at each time period
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after retreatment.

The mean baseline IOP of the treatment success group
(n = 18) was 25.6 + 4.4 mmHg, and the mean IOP following
SLT were 15.8 £ 4.2 mmHg at 1 week, 16.3 + 3.0 mmHg at
1 month, 14.7 + 2.2 mmHg at 3 months, 15.6 = 2.9 mmHg at
6 months, and 15.2 + 2.9 mmHg at 12 months, respectively.
The mean IOP at each time period in the success group was
significantly lower than the baseline IOP (all p < 0.05)
(Fig. 2).

There were no significant differences in age, sex ratio,
BCVA, spherical equivalents, or lens status between the
success and failure groups (all p > 0.05). The failure group
(27.4 £ 5.9 mmHg) showed a higher mean baseline IOP
than the success group (25.6 £ 44 mmHg); however, there
was no significant difference between the two groups (p =
0.128). As for the baseline visual field parameters, there
were no significant differences in MD (success group, -17.2
+ 9.9 dB; failure group, -19.0 + 8.9 dB) and PSD (success
group, 8.1 + 4.9 dB; failure group, 8.2 + 3.3 dB) (both p >
0.05) (Table 3). As a result of Cox regression analysis to in-
vestigate the factors affecting treatment failure, there was
no statistically significant association between treatment
failure and the following baseline factors: age, sex, BCVA,
spherical equivalents, phakic status, number of medica-
tions, MD, and baseline IOP.

A multiple regression analysis was performed to assess
the baseline factors that affect the IOP reduction in the
treatment success group, including that of various possible
parameters (age, BCVA, spherical equivalents, baseline
IOP, number of medications, MD, and PSD). The baseline

Baseline IOP

e Nicr)l.ccl)lf ;eydes 10P pf the included of the included el 10P pf thTe excluded
patients (mmHg) P patients’ (mmHg)

Baseline 43 26.7+5.8 NA NA NA

1 wk 31 15.7+3.8 26.5+5.0 <0.05 23.8+6.1(12)

1 mon 26 16.4+3.5 27.0+5.1 <0.05 252479 (5)

3 mon 25 15.8+2.8 27.0+4.6 <0.05 22.0 (1)

6 mon 24 16.8+3.4 269+45 <0.05 28.0 (1)

12 mon 18 152+29 25.6+4.4 <0.05 24.5+7.2 (6)

Values are presented as number, mean + standard deviation, or mean + standard deviation (No. of eyes excluded).

IOP = intraocular pressure; NA = not applicable.

"Paired r-test; "Patients who were just corresponded to failure at that time (i.e., those who would be excluded from the further analysis)
because they failed to meet the criteria for success (>20% reduction in IOP from baseline and IOP <22 mmHg at 12 months after

treatment without additional anti-glaucomatous intervention).

479



Korean J Ophthalmol Vol.35, No.6, 2021

Survival ration
o
»
1

o
o
I

0 2 4 6 8 10 12
Month

Fig. 1. Kaplan-Meier survival curve plotting the cumulative
probabilities against time of 43 pseudoexfoliation glaucoma pa-
tients who underwent selective laser trabeculoplasty. Cumulative
probability of success after selective laser trabeculoplasty at
12 months was 41.9% (18 eyes).
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Fig. 2. Mean intraocular pressure of the treatment success group
at each period following selective laser trabeculoplasty. ‘Deter-
mined by paired #-test between mean intraocular pressure at each
follow-up period and mean baseline intraocular pressure of the
treatment success group (n = 18).

Table 3. Comparison of the baseline characteristics between the treatment success and failure groups at 12 months after selective

laser trabeculoplasty

Parameter S(llllc:els ; ger;:lsl))* EI? iiu;; iryoe?)) p-value

Age (yr) 732+ 8.5 70.8 + 8.3 0.482°
Sex (male : female) 10 (55.6) : 8 (44.4) 14 (56.0) : 11 (44.0) 0.977*
Baseline IOP (mmHg) 25.6+4.4 274459 0.128"
Phakia : pseudophakia 11 (61.1) : 7(38.9) 10 (40.0) : 15 (60.0) 0.172F
BCVA (logMAR) 0.16+0.3 031+04 0.085"
Spherical equivalents (diopters) 0.01+0.9 -041+1.6 0.461"
MD (dB) -17.2+99 -19.0+ 8.9 0.595"
PSD (dB) 8.1+49 82+33 0.882°

Values are presented as mean + standard deviation or number (%).

IOP = intraocular pressure; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; MD = mean

deviation; PSD = pattern standard deviation.

"Success, >20% reduction in IOP from baseline and IOP <22 mmHg at 12 months after treatment without additional anti-glaucomatous

intervention; "Mann-Whitney test; “Chi-square test.

IOP was the only parameter that was associated with IOP
reduction after SLT (B = 0.791, R* = 0719, p < 0.001), and
was positively correlated with the increment of IOP reduc-
tion from baseline at 12 months after SLT (p < 0.001, r =
0.86).

Discussion

In this study, we investigated the efficacy of SLT in
PEXG patients with uncontrolled IOP despite maximally
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tolerated IOP-lowering medications. Overall, the probabili-
ty of success in lowering the IOP (>20 % of IOP reduction
from baseline and IOP equal to or lower than 22 mmHg)
for 12 months was 41.9%, and for the success group, mean
IOP reduction at 12 months postoperatively was of 10.3 £
5.0 mmHg, which corresponded to a 39.3% reduction from
the mean baseline IOP. No serious adverse events were ob-
served during the 12 months follow-up after SLT.

In the past two to three decades since it was introduced
by Latina and Park [2], SLT has become a feasible and
common therapeutic modality in patients with ocular hy-



pertension and open-angle glaucoma due to its favorable
IOP-lowering efficacy and excellent safety profiles [20-22].
In addition, in PEXG, several studies have reported that
SLT as a primary or adjunctive treatment demonstrated an
effective IOP-lowering effect, which was comparable to
that in OAG [21,23,24].

Shazly et al. [21] investigated the efficacy of 180° SLT as
a primary therapy for 18 eyes with PEXG. In that study,
the mean baseline IOP was 25.5 + 3.4 mmHg, and the au-
thors defined failure as the need for medical, surgical, or
further laser treatment or the return of the treated IOP
<3 mmHg from the baseline IOP. The cumulative proba-
bilities of success were 83% at 9 to 15 months after SLT
and 74% at 30 to 32 months after SLT, respectively. After
30 months of follow-up, the success group showed a mean
IOP of 18.3 +£ 47 mmHg (mean IOP reduction, 5.3 mmHg).
We estimated that the cause of the difference in success
rates between our study (41.9% at 12months) and this study
(83.0% at 9—15 months) is that the criteria for success are
stricter in our study (IOP reduction > 20% from baseline
and <22 mmHg). Besides, the patient group is composed
of naive patients, which differs from patients in our study
whose IOP was not controlled even with maximal medical
therapy.

In practice, eyes with PEXG often require multiple med-
ications at presentation because of the worse IOP charac-
teristics, substantial IOP fluctuation, and increased optic
nerve vulnerability to elevated IOP. In addition, in many
cases such as those in our study, it is common that the IOP
is not controlled despite maximal medical treatments, re-
quiring additional interventions. Thus, SLT has often been
used as an adjunct therapy, and several studies have re-
ported the efficacy of SLT in medically refractory PEXG
eyes [6,12,15,25]. Among them, the largest (number of
study subjects) study, conducted by Goldenfeld et al. [15],
investigated the efficacy and safety of SLT in 57 eyes with
uncontrolled IOP (>23 mmHg) on maximal medical thera-
py. After 12 months of follow up, mean IOP decreased
from 26.01 + 2.5 to 17.8 + 2.8 mmHg (31.5% IOP reduc-
tion). In 88% of patients, IOP was controlled below
21 mmHg and in 66% of patients, IOP was controlled be-
low 18 mmHg at 12 months after SLT. In other words, the
12 months treatment outcome was much better than that of
our study. We estimated the reason for the gap as follows:
Although the mean baseline IOP was similar between the
two studies, our study was conducted on patients with
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much more advanced visual field defects (mean value of
MD, -18.2 dB vs. -8.06 dB), and a larger number of medi-
cations (3.7 vs. 2.9) than in the previous study. We assumed
that this difference in disease severity might have affected
the rate of treatment success.

On the contrary, the study of 20 medically uncontrolled
PEXG patients by Miraftabi et al. [25] showed poorer
treatment outcomes (i.e., 25% success rate at 12 months af-
ter a single session of 360° SLT) than ours (41.9%), even
though the baseline IOP (25.7 mmHg) and success criteria
(defined as IOP reduction >20% from baseline without ad-
ditional medication) were similar to those of our study and
the disease severity of study subjects was mild compared
to that of our subjects. The study was conducted on young-
er patients (mean age of subjects, 68.6 years old vs.
74.2 years old in our study) with less advanced visual field
defects (mean value of MD, -3.1 vs. -18.2 dB in our study)
and fewer numbers of medications (2.5 vs. 3.7 in our study)
compared with our study and even the aforementioned
study by Goldenfeld et al. [15]. To assess the exact cause of
the difference in the treatment outcome, further studies
are needed to determine the influence of disease severity
and race on the treatment success of SLT in medically re-
fractory PEXG. In addition, Miki et al. [6] reported a
14.5% success rate (same criteria of success as our study)
at 12 months after 360° SLT in 23 medically uncontrolled
PEXG patients. Since the above-mentioned study included
various types of glaucoma subjects (39 eyes with POAG,
23 eyes with PEXG, and 13 eyes with SOAG), they did not
present detailed information on the baseline factors for the
PEXG subgroup.

In summary, the treatment outcomes of SLT in previous
studies varied and differed from those of our study, even
at a similar level of baseline IOP. We hypothesized that the
unique characteristics of the patient group in our study,
that is, the far advanced stage of visual field defect, use of
multiple topical medications, and ethnicity (Korean popu-
lation) might affect the treatment success rate of SLT.
However, in our results, there were no statistically signifi-
cant baseline factors associated with treatment success/
failure after SLT in the Cox regression analysis. Even the
baseline IOP, the only known evitable predictor for the
treatment success of SLT [26,27], was not statistically sig-
nificant. We supposed that a rather small number of sub-
jects in our study may have affected the statistical insignif-
icance. Furthermore, previously published data to support
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this hypothesis are limited. Thus, identifying the exact
mechanism requires further investigation in a large popu-
lation using a prospective controlled design.

Since our study was performed on patients with medi-
cally uncontrolled IOP, most of whom showed advanced
visual field defects, surgical intervention was required im-
mediately after the initial failure of the SLT. Thus, the nat-
ural course of IOP 12 months after SLT cannot be investi-
gated. However, in our results, all the mean IOP at each
follow-up was significantly lower than the mean baseline
IOP, even if the patients who were just corresponding to
the failure at that time (i.e., those who would be excluded
from the further analysis) are included. Thus, we supposed
that SLT had a certain level of IOP-lowering efficacy based
on the IOP result at each follow-up.

In particular, for the 18 patients in the treatment success
group, IOP was decreased by approximately 10 mmHg
from the initial follow-up, and was maintained at a similar
level until 12 months. This result showed that, although not
in many, but in some patients, SLT showed effective IOP
lowering, and once it responded to the SLT, the effect
could be maintained for more than 12 months. Surely, this
result does not mean that SLT is the best treatment option
for every medically uncontrolled PEXG patient. However,
patients with PEXG are relatively older and often have sig-
nificant systemic disease [28]. Therefore, some of them
may not be able to undergo or may have to postpone the
filtering surgery because of poor general conditions. In
this case, SLT can be considered as a feasible alternative
treatment option with an acceptable safety profile, which
may help in delaying or even avoiding surgery in some pa-
tients.

This study had several limitations. First, the study popu-
lation was not large. Because PEXG requires a low 1OP
target due to its characteristics that can progress rapidly in
a real clinical setting, many clinicians tend to choose the
filtering surgery without trying SLT. Results of other pre-
vious studies were not much different from those of our
study. Second, due to the limitations of the retrospective
design, the adverse events were evaluated only by the
medical chart review, and there is a risk that some of them
were omitted from the review. In addition, in our review,
there were no quantitative gradings for trabecular pigmen-
tation, which might affect the treatment outcome of SLT.
To compensate for these limitations, further studies with a
prospective well-controlled design, precise protocol for as-
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sessing adverse events, and the quantitative grading of tra-
becular pigmentation in a large number of phakic partici-
pants will be needed.

In conclusion, this study demonstrated that SLT in pa-
tients with medically uncontrolled PEXG showed excellent
safety but limited success for 12 months IOP control. Al-
though it is a part of all patients, in the patients responding
to SLT, the IOP-lowering efficacy was significant and sta-
ble for 12 months after treatment. Thus, SLT can be con-
sidered as one of several options of adjuvant therapy, when
medical therapy has failed.
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