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Purpose:Direct selective laser trabeculoplasty (DSLT) is a rapid, noncontact automated
procedure performed directly through the limbus without gonioscopy. In this first
nonrandomized clinical trial we assessed its safety and ability to reduce intraocular
pressure (IOP).

Methods: Fifteen patients (15 eyes: 10 with open-angle glaucoma [OAG], 4 with
ocular hypertension, and 1 with pseudoexfoliation glaucoma), naive or after medica-
tion washout, with an IOP ≥22 mm Hg, underwent DSLT by irradiation with 100 or
120 sequential noncontact 532-nm, Q-switched laser shots (0.8−1.4 mJ) automatically
applied during 1.5 or 2.3 seconds on the limbus, guided by image analysis and eye track-
ing. Results were assessed at 1 and 3 hours, 1 day, 1 week, and 1, 3, and 6 months.

Results: Themean± standard deviation baseline IOP (mmHg) in all eyeswas 26.7± 2.3.
At 1, 3, and 6 months, this value was significantly reduced to 21.7 ± 4.2 (by 18.1%), to
20.8 ± 2.5 (by 21.4%), and to 21.5 ± 4.1 (by 18.8%), respectively. In six patients treated
with 1.4 mJ/shot, the mean IOP at 6 months decreased from 26.7 ± 3.2 to 19.3 ± 2.0
(27.1%, P = 0.03). There was a significant reduction in hypotensive medications (from
1.6 ± 1.0 to 0.4 ± 0.7, P = 0.03). No serious adverse events occurred.

Conclusions: Automated DSLT appears to be an effective and safe noncontact, rapid
modality for reducing IOP in patients with OAG. Higher energy usage led to better
results.

Translational Relevance: Studying laser transmission through sclera enabled laser
irradiation of the trabeculum without gonioscopy.

Introduction

Glaucoma is a progressive multifactorial disease in
which the optic nerve is damaged, causing visual field
loss. The disease is closely associated with elevated
intraocular pressure (IOP), but it may also occur with
IOP within the normal range. Glaucoma is the leading
cause of irreversible blindness worldwide1 and among
the leading causes of moderate or severe visual impair-
ment,2 causing reduced health-related quality of life
and a very significant economic burden.3 The global
prevalence of glaucoma for the aged population is

3.5%, and it has been estimated that the number of
patients with glaucoma worldwide will increase to
111.8 million by 2040.3

Selective laser trabeculoplasty (SLT), a Q-switched
532-nm, frequency-doubled low-energy Nd:YAG laser
applied to the trabecular meshwork (TM), is a widely
used, safe, and cost-effective procedure for reducing
IOP in patients with open-angle glaucoma (OAG)
and ocular hypertension (OHT) and has been recom-
mended as a first-line therapy.4,5 It can also be used to
reduce the number of required antiglaucoma medica-
tions and to avoid or delay incisional surgery.6 Success-
ful SLT has a twofold advantage over hypotensive
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Figure1. Optical coherence tomography (OCT) imageof the eyewith conceptual representationof the laser beam’s position on the trabec-
ularmeshworkduring (A) SLT and (B)DSLT. The400-μmdiameterDSLT laser beamon the sclera is shown to scale.Not shown is thegonioscopy
lens used on the cornea in SLT. (The concept is adapted from Sacks et al.,16 and the OCT image is adapted from Li et al. 2013,35 both under
CC by 4.0 license https://creativecommons.org/licenses/by/4.0/legalcode).

glaucoma medications. On the one hand, it avoids the
progressive ocular surface disease associated with long-
term exposure to preservatives and to active pharma-
ceutical agents of topical medications.7,8 On the other
hand, it solves the problem of noncompliance to
medications, a major cause of visual loss in patients
with glaucoma.9,10

The conventional SLT procedure is performed with
a gonioscopy lens, which enables the physician to
visualize the TM and direct the laser beam at it.11
Visualization of the angle with a gonioscopy lens
requires sufficient angle width, and the entire proce-
dure requires training and experience.12 It is possi-
ble, however, that the availability of a simpler SLT
procedure would make general ophthalmologists and
other trained allied health professionals more inclined
to use it and would thus increase access to laser treat-
ment for patients who need it. Moreover, during SLT,
a gonioscopy lens is in direct contact with the corneal
surface, potentially creating the hazard of transmitting
infections13 or inducing corneal side effects, such as
superficial punctate keratopathy, erosions, and ocular
discomfort.14 Geffen et al.15 recently reported the
results of a randomized controlled 6-month trial that
compared a manual, nonautomated, translimbal direct
SLT approach (DSLT) with a standard SLT unit. Their
results demonstrated that SLT applied directly to the
perilimbal sclera is as efficacious as the conventional
procedure.

The clinical application of an automated image-
processing controlled device for a noncontact translim-
balDSLTwas developed to provide a rapid, easy-to-use

laser trabeculoplasty procedure. The automated proce-
dure is much faster than the manual procedure and
ensures accurate target location and safe treatment by
implementing eye tracking. Here, we report the results
of the first-in-human clinical study that evaluated its
safety and ability to reduce IOP in patients with OAG
or OHT.

Patients and Methods

An Automated Device for DSLT

The principle underlying translimbal (external)
DSLT, whose description and effectiveness were
described by Geffen et al.15 SLT (Fig. 1A) is a proce-
dure that is dependent upon the amount of energy
reaching the TM and not upon any other laser beam
characteristics. As such, while the DSLT laser beam is
scattered during its passage through the limbal struc-
tures, sufficient energy reaches the TM to achieve an
IOP-lowering effect. This is similar to conventional
SLT procedures in which much of the energy is lost
before reaching the TM.16 Geffen et al.15 demonstrated
that direct application of DSLT to the limbus was as
effective as the conventional SLT procedure.

A dose-response trial is performed at different
energy levels to determine the beam energy level with
the highest efficacy and safety. The automated DSLT
device (BELKIN Laser Ltd., Yavne, Israel) employs
a Q-switch, frequency-doubled Nd:YAG laser with a
wavelength of 532 nm. It directs the 7-ns pulse, 400-μm
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Figure 2. (A) Limbus target zone (red ring) is automatically located by the device software (as seen on the operator’s screen). Touching
and moving the corners or sides of the red rectangle allow additional target alignment. (B) The arrow points to the laser beam position on
the targeted limbus area during treatment (as retrieved from the device, which automatically saves images for each laser shot during the
treatment). Note the reflection of the light-emitting diode-illuminated ring at the corneal center.

laser beam to the limbus region (Fig. 1B) without the
need for a delivery device (e.g., a gonioscope lens) or
any contact with the patient’s eye. An image-processing
algorithm automatically locates the target area on the
limbus (Fig. 2A and Supplementary Video Clip S1)
and moves the scanner’s mirrors to compensate for eye
movement so that the laser spots will be delivered to
the specifically intended location on the limbus. After
the operator verifies the target, a predefined number
of laser pulses with the preselected level of energy is
delivered through a full 360 degrees around the limbus,
resulting in fully automated treatment simultaneously
with target tracking (Fig. 2B). The laser beam passes
directly through the limbal area to the TM. Scatter-
ing of the beam during its passage through the limbal
tissues ensures that all parts of the TM are impacted.

Since no dose-response curve was performed in the
original study published by Latina and Park,11 we were
mainly concerned about the safety. We decided to start
with 0.8 mJ, which is roughly equivalent to 0.3 to
0.4 mJ level of energy at the TM. As no serious adverse
events were observed, we proceeded by dividing the rest
of the limited patients’ sample to two energy groups of
six patients each (1 mJ and 1.4 mJ).

Study Design

This prospective, single-arm, assessor-masked clini-
cal trial was conducted at a single institution (Chaim
Sheba Medical Center, Tel Hashomer, Israel). All

laser treatments were performed by a single glaucoma
specialist (M.G.) who used the herein described
automated DSLT device (BELKIN Laser, Ltd.). The
trial was approved by the Institutional ReviewBoard of
Sheba Medical Center and performed according to the
Public Health Regulations (Clinical Trials in Humans)
of the Israel Ministry of Health. Written informed
consent was obtained for all patients. The trial was
registered at ClinicalTrials.gov (NCT01383525).

The inclusion criteria for the trial were patients
over the age of 18 years who had poorly controlled
glaucoma and/or demonstrated noncompliance or
intolerability to topical hypotensive treatment as well
as naive patients. All patients had mild to moderate
primary OAG (POAG), pseudoexfoliation glaucoma,
or OHT. Another criterion for inclusion was an
average IOP ≥22 mm Hg, measured at two pretreat-
ment visits (after hypotensive medication washout).
Excluded were patients with glaucoma other than
OAG (as confirmed by gonioscopy), severe glaucoma
as defined by the American Glaucoma Society,17 any
ocular condition that precluded adequate visualiza-
tion and treatment of the TM, and prior glaucoma
surgery, laser trabeculoplasty, or any other ocular
surgery during the 3months prior to study recruitment.
Also excluded were patients who could not understand
the protocol and sign the informed consent form or
comply with follow-up visits, as well as patients who
were undergoing concurrent treatment with systemic
steroids or were pregnant.
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Primary outcome measures were mean percent-
age reductions in IOP from baseline, which were
recorded 1 and 3 months after DSLT, as well as evalu-
ation of the patient’s DSLT profile of adverse events.
Secondary outcome measures were the mean percent-
age IOP reduction from baseline as recorded at the
6-month post-DSLT visit and the number of medica-
tions needed after the laser treatment compared to the
number being used at the time of the screening visit.

The recorded data during the comprehensive screen-
ing evaluation included age, sex, and the general
medical and ocular history, the latter including previ-
ous ocular surgeries and the number and type of
antiglaucoma medications. Each patient underwent a
full ophthalmic examination of both eyes, including
a best-corrected visual acuity (BCVA) evaluation on
a Snellen chart, comprehensive biomicroscopy, fundus
examination including optic disc, and gonioscopy.
Humphrey 24-2 SITA-Standard visual field tests were
performed at the screening and 6-month follow-up
visits.

After the screening visit, the suitable patients under-
went ocular medication washout for 14 days to elimi-
nate carbonic anhydrase inhibitors and α-adrenergic
agonists and for 28 days to eliminate β-blockers,
prostaglandin analogues, and combined medications.
The laser treatment window was 6 weeks starting from
the initial screening. One patient, whose IOP at the
screening visit was 26 mm Hg on one hypotensive
medication, did not undergo washout at the discre-
tion of the investigator. For medicated patients, IOP
inclusion eligibility after washout (≥22 mm Hg) was
confirmed twice before DSLT was administered.

An experienced ophthalmologist performed
two IOP measurements by means of a calibrated
Goldmann applanation tonometer (Haag Streit,
Berne, Switzerland) at all time points of the study, and
the average IOP was recorded. All posttreatment IOP
measures were obtained in a masked fashion, wherein
the IOP of both eyes was recorded by the examiner,
who was unaware of the treated eye, or, alternatively,
by a masked technique in which a nonmasked inves-
tigator took the measurement and a masked assistant
read and recorded all IOPmeasurements. All follow-up
visits took place between 08:00 and 13:00.

The baseline IOP was recorded for each patient
before undergoing DSLT. Based on the physician’s
judgment after assessment of the IOP and the general
ocular and visual status, the eye with the higher IOP
after washout was chosen for treatment (the exception
would bewhen the same IOPwas recorded in both eyes;
in this case, the eye with more advanced disease was
chosen). Postoperative examinations were performed
by the masked observer or by the masked technique at

1 hour, 1 day, 7 (± SD 2) days, and 1 (± 7 d), 3 (±
7 d), and 6 (± 7 d) months after the procedure. They
included BCVA testing, a complete biomicroscopic
examination, and twoGoldmann applanation tonome-
ter IOP measurements. The mean IOP was recorded at
each visit, as was the number of hypotensive medica-
tions being used in those cases in whichmedication had
been reintroduced after treatment. Gonioscopy was
performed at screening and immediately after DSLT
treatment and at the 3- and 6-month follow-up visits.

Intraoperative and postoperative adverse events
were recorded at each visit. Side effects were classi-
fied by the investigators as being either directly or
incidentally related to the laser treatment. The investi-
gators were allowed, at their discretion, to reintroduce
hypotensive medications and to adjust the medication
type, dosage, or frequency of use during the postopera-
tive course. No repeat SLT was permitted. All changes
in ocular medical treatments were recorded.

Treatment Procedure

Prior to DSLT, topical anesthesia with Localin
(oxybuprocaine hydrochloride 0.4%; Fischer Pharma-
ceuticals LTD, Bnei Brak, Israel) was administered to
the selected eye. At 30 to 60 minutes before treat-
ment, each patient received one drop of pilocarpine
hydrochloride 2% (Vitamed Pharmaceutical Indus-
tries, Binyamina, Israel) and one drop of apracloni-
dine hydrochloride 0.5% (Alcon, Couvreur, Puurs,
Belgium). Artificial tear drops were applied immedi-
ately before the treatment. No eye drops were given
after the treatment.

Preset parameters of the energy dose and the
number of laser shots around the limbus in this
limited dose-response study ranged from 0.8 to 1.4
mJ/shot. Patients treated with doses lower than 1.4
mJ/shot received a preset series of 100 shots, while
those treated with doses of 1.4 mJ/shot received
120 shots.

Statistical Analysis

All measured variables and derived parameters were
presented by descriptive statistics. Summary tables
were provided for continuous variables, noting sample
size, arithmetic mean, standard deviation, and the
median, minimum, and maximum lower and upper
limits for the 95% confidence interval (CI). Changes
and relative changes from baseline were summarized in
tables, and the statistical significance of those changes
was tested by the Wilcoxon signed-rank test. A linear
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Table 1. Baseline Patient Characteristics

Characteristic Value

Mean age (years ± SD) 66.2 ± 8.4
Sex, No.
Male 10
Female 5

Diagnosis, No.
POAG 10
Exfoliation glaucoma 1
Medicated OHT 4

Hypotensive medications (at screening visit), No.
Medicated 14
Naive 1

Table 2. Actual Mean Energy Delivered to the Limbus During Treatment

Energy Subgroups (Preset Energy) Actual Mean Total Energy/Treatment, mJ

Total cohort (n = 15) 127.8
≥1 mJ/shot (n = 13)a 134.8
0.8 mJ/shot (n = 2) 82.7
1 mJ/shot (n = 6) 107.7
1.2 mJ/shot (n = 1) 119
1.4 mJ/shot (n = 6) 164.5

aIncludes patients from 1-mJ/shot, 1.2-mJ/shot, and 1.4-mJ/shot subgroups.

regression model was applied to test the effect of time
for each parameter. A χ2 test was applied to ascer-
tain the significance of the decrease in the number of
medications. The exact CI for the proportion of success
in IOP reduction (relative change >20%) was calcu-
lated for each group by the Clopper-Pearson method.
All tests were two-tailed, and a P value of 5% or
lowerwas considered statistically significant.Datawere
analyzed with SAS version 9.4 (SAS Institute, Cary,
NC).

Results

Patients

Of the 30 patients who were recruited for this study,
15 were screen failures (9 failed to meet our IOP inclu-
sion criteria after ocular washout, 2 failed to meet
other inclusion criteria, and 4 withdrew for personal
reasons), leaving 15 patients (15 eyes) who underwent
DSLT. One of these patients dropped out after the
1-month follow-up visit. Relevant demographic data
and baselinemedical information on the study group of
the 15 treated participants are summarized in Table 1.

DSLT Procedure

The total energy levels applied during DSLT are
summarized in Table 2. Each laser treatment lasted
around 2 seconds, depending upon the number of laser
shots. Nine patients were treated with 100 preset shots
around the limbus with energy levels of 0.8 mJ/shot
(two patients), 1 mJ/shot (six patients), or 1.2 mJ/shot
(one patient). We treated a subgroup of six patients
with 120 preset shots of 1.4 mJ/shot to test the effect
of applying an increase in overall energy. The actual
energy received and the numbers of shots applied were
automatically recorded by the device for each of the
15 patients. There were some deviations in delivered
energy per treatment due to laser output deviations
within the standard IEC60601-2-22 range,18 but devia-
tions from the preset values did not exceed ±20%.
Deviations in the numbers of laser shots per treatment
were attributable to the in-built safety algorithm of the
device. Dynamic adjustments by the tracking system
compensate for patient eye movement and ensure that
the pattern of spots is delivered to the target position
within an appropriate safety limits to ensure that laser
spots are safely confined to the central limbus. The eye-
tracking functionality also prevents laser exposure if
the patient eyemotion overall exceeds safety limits. The
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current algorithm does not handle the patient blinking;
the eye retractor is inserted before the procedure.

In two patients, the treatment was automatically
arrested due to excessive eye movements deviating
from the fixation light. The eye-tracking capability of
the laser device terminated the laser irradiation, and
thus a 360-degree treatment was not achieved in these
patients, so they received 50 shots on the upper arc. The
entire circumference of the limbus was treated in all of
the other patients.

Safety Analysis

All documented complications in this study were
mild, and all resolved completely within 1 week after
the procedure. No severe sight-threatening or other
adverse events occurred during the study. The DSLT
procedure was well tolerated. All 15 patients reported
that they had experienced no pain during the treatment
and had not felt disturbed by the green treatment laser
light either during or following the procedure. There
were no spikes in IOP and no incidence of corneal
edema. Four patients experienced minor subconjunc-
tival hemorrhages, and they all resolved without treat-
ment within a few hours to 1 week after the proce-
dure. Six patients received anticoagulant medications
for nonocular conditions during the study, one of
whom had sustained a subconjunctival hemorrhage.
There were no significant changes in visual acuity or
visual fields at the 6-month follow-up visits (Table 3).

IOP-Lowering Analysis

The mean IOP values in each subgroup are summa-
rized in Table 4. Although transient reductions in IOP
were observed at the 1- and 3-month follow-up visits in
two patients who had been treated at the lowest energy
level of 0.8 mJ/shot, their IOPs returned to the baseline
values by the 6-month visit.

We evaluated the DSLT effect in patients treated at
an energy level above 0.8 mJ/shot by analyzing the IOP
reductions from baseline at 1, 3, and 6 months after
DSLT in 13 patients who had been treated at energy
levels ≥1 mJ/shot (6 patients at 1 mJ/shot, 1 patient at
1.2 mJ/shot, and 6 patients at 1.4 mJ/shot). Their mean
percentage reductions from baseline were statistically
significant (P < 0.01) (Table 4) at all three follow-up
time points. The mean baseline IOP in the six patients
treated with 1 mJ/shot was 27.3 ± 2.0 mm Hg, which
was significantly reduced to 20.0 ± 4.2 (P = 0.03) at
the 1-month follow-up (Table 4). The mean percent-
age reductions from the baseline in the six patients
treated with an energy level of 1.4 mJ/shot were signif-
icant (P = 0.03) at the 3- and 6-month follow-up visits

(Table 4). Linear regression analyses of subgroups of
patients treated with energy levels of ≥1 mJ/shot (P =
0.019) and of 1.4 mJ/shot (P = 0.006) revealed that the
IOP reduction effect was sustained during the follow-
up visit.

An IOP reduction of ≥20% from baseline at each
of the follow-up visits was taken to reflect a successful
response to treatment. As shown in Table 5, this was
achieved at the 6-month follow-up by 8 of the 14 study
patients. The success rates of the subgroups of patients
treated with different energy levels ranged from 40% to
83.3% (Table 5). All responders achieved IOP values
≤20 mm Hg.

The number of glaucoma medications used in each
subgroup is shown in Table 3. The average number
of ocular hypotensive drops was significantly reduced
from 1.6 at baseline to 0.4 at 6 months (P = 0.03)
for the entire cohort. Hypotensive drops were reintro-
duced in two patients during the study period, one of
whomwas the patient who had not undergone washout
and had continued with his medication throughout
the trial. Hypotensive drops were reintroduced at the
6-month follow-up visit in two other patients (one
treated with 0.8 mJ/shot and the other with 1 mJ/shot)
who displayed insufficient IOP reduction following
treatment.

Discussion

The safety and efficacy of SLT have been demon-
strated in various types of glaucoma as well as in ocular
hypertension.4 Several studies have confirmed the cost-
effectiveness of SLT treatment compared to treatment
with medications.19–21 The recently published LiGHT
(Laser in Glaucoma and ocular HyperTension) study
established the efficacy of SLT as a primary single or
repeat procedure for the treatment of OHT and POAG,
validating its superiority over medical therapies as a
primary treatment capable of providing better control
of IOP at a lower cost and with fewer side effects.22–24
SLT, however, requires skills in performing gonioscopy
and contact with the cornea by the rotating contact lens
with resulting common epithelial complications. Given
the efficacy of SLT in reducing IOP and visual field
deterioration while overcoming adherence problems
and being relatively free of side effects, we considered
ways to simplify the procedure. We achieved this goal
by irradiating the TM through the limbus. The limbus
is the area of transition between the scattering sclera
and the transparent cornea, and it transmits the laser
beam at the 532-nM wavelength. This fact obviates the
need for the gonioscopy lens that is rotated over the

Downloaded from tvst.arvojournals.org on 03/07/2021



Translimbal Automated Laser Trabeculoplasty TVST | March 2021 | Vol. 10 | No. 3 | Article 5 | 7

Ta
bl
e
3.

O
cu
la
rC

ha
ra
ct
er
is
tic

s
at

Sc
re
en

in
g
an

d
at

6-
M
on

th
Vi
si
ts
(M

ea
n

±
SD

)a
nd

Tr
ea
tm

en
t-
Re

la
te
d
O
cu
la
rA

dv
er
se

Ev
en

ts
N
o.
of

H
yp

ot
en

si
ve

M
ed

ic
at
io
ns

(M
ea
n

±
SD

)
N
o.
of

M
ed

ic
at
ed

Pa
tie

nt
s

Vi
su
al
Fi
el
d
M
ea
n
D
ev
ia
tio

n,
dB

(M
ea
n

±
SD

)
Vi
su
al
Ac

ui
ty
,L
og

M
ar

(M
ea
n

±
SD

)

To
ta
lC

oh
or
ta

nd
Su

bg
ro
up

s
Sc
re
en

in
g

6
M
on

th
s

Po
st
op

P
Sc
re
en

in
g

6
M
on

th
s

Po
st
op

P
Sc
re
en

in
g

6
M
on

th
s

Po
st
op

P
Sc
re
en

in
g

6
M
on

th
s

Po
st
op

P
A
dv

er
se

Ev
en

ts

To
ta
lc
oh

or
t(
n

=
15

)a
1.
6

±
1.
0

0.
4

±
0.
7

0.
03

14
3

0.
03

–2
.0

±
1.
6

–1
.6

±
1.
3

0.
24

0.
07

±
0.
06

0.
07

±
0.
06

0.
5

4b

≥
1
m
J/
sh
ot

(n
=
13

)a
,c

1.
6

±
0.
9

0.
4

±
0.
8

0.
06

13
3

0.
08

–2
.0

±
1.
7

–1
.6

±
1.
3

0.
17

0.
07

±
0.
06

0.
07

±
0.
06

0.
5

4b

1
m
J/
sh
ot

(n
=
6)

a
1.
8

±
1.
0

0
0.
06

6
0

N
D

–1
.2

±
1.
4

–1
.7

±
1.
5

0.
12

5
0.
06

±
0.
07

0.
04

±
0.
04

N
D

1.
4
m
J/
sh
ot

(n
=
6)

1.
5

±
0.
8

0.
5

±
0.
8

0.
25

6
2

0.
4

–2
.6

±
1.
8

–1
.8

±
1.
3

0.
06

3
0.
09

±
0.
06

0.
1

±
0.
06

0.
5

3b

N
D
,n
ot

de
te
rm

in
ed

;p
os
to
p,
po

st
op

er
at
iv
e.

a O
ne

pa
tie

nt
fr
om

1-
m
J/
sh
ot

su
bg

ro
up

w
as

lo
st
to

fo
llo

w
up

af
te
rt
he

1-
m
on

th
vi
si
t.

b
M
in
or

su
bc

on
ju
nc

tiv
al
he

m
or
rh
ag

e
du

rin
g
tr
ea
tm

en
t.

c I
nc

lu
de

s
pa

tie
nt
s
fr
om

1-
m
J/
sh
ot
,1
.2
-m

J/
sh
ot
,a
nd

1.
4-
m
J/
sh
ot

su
bg

ro
up

s.

Downloaded from tvst.arvojournals.org on 03/07/2021



Translimbal Automated Laser Trabeculoplasty TVST | March 2021 | Vol. 10 | No. 3 | Article 5 | 8

Table 4. IOP Dynamics, mm Hg (Mean ± SD), and Mean IOP Reductions at Follow-Up Visits
1 Month Postop 3 Months Postop 6 Months Postop

Total Cohort and Subgroups Baseline IOPa IOP % Reduction P IOP % Reduction P IOP % Reduction P

Total cohort (n = 15)b 26.7 ± 2.3 21.7 ± 4.2 18.1 0.005 20.8 ± 2.5 21.4 <0.001 21.5 ± 4.0 18.8 0.003
≥ 1 mJ/shot (n = 13)b,c 26.8 ± 2.5 21.5 ± 4.4 19.4 0.001 20.7 ± 2.7 22.1 0.001 20.7 ± 3.8 22 0.002
0.8 mJ/shot (n = 2) 26 ± 0.7 23.5 ± 0.7 9.6 ND 21.5 ± 0.7 17.0 ND 26 ± 2.8 0 ND
1 mJ/shot (n = 6)b 27.3 ± 2.0 20.0 ± 4.2 26.4 0.03 22.0 ± 2.4 18.4 0.06 22.7 ± 5.1 15.2 0.3
1.4 mJ/shot (n = 6) 26.7 ± 3.2 21.2 ± 2.3 19.9 0.06 19.8 ± 2.9 24.9 0.03 19.3 ± 2.0 27.1 0.03

aAfter washout of hypotensive medications.
bOne patient from 1-mJ/shot subgroup was lost to follow-up after the 1-month visit.
cIncludes patients from 1-mJ/shot, 1.2-mJ/shot, and 1.4-mJ/shot subgroups.

Table 5. Treatment Response Rate During Follow-Up

1 Month Postop 3 Months Postop 6 Months PostopTotal Cohort and
Subgroups Response Rate, % CI Response Rate, % CI Response Rate, % CI

Total cohort (n = 15)a 46.7 21.3–73.4 57.1 28.8–82.3 57.14 28.8–82.3
≥1 mJ/shot(n = 13)a,b 53.8 25.1–80.8 58.3 27.6–84.8 66.7 34.9–90.0
1 mJ/shot (n = 6)b 66.7 22.2–95.7 40.0 5.3–85.3 40.0 5.3–85.3
1.4 mJ/shot (n = 6) 50.0 11.8–88.1 66.7 22.3–95.7 83.3 35.9–99.6

Treatment response is ≥20% reduction from baseline intraocular pressure.
aOne patient from 1-mJ/shot subgroup was lost to follow up after the 1-month visit.
bIncludes patients from 1-mJ/shot, 1.2-mJ/shot, and 1.4-mJ/shot subgroups.

cornea in conventional SLT. Theoretical calculations
using Monte Carlo simulations showed that the energy
reaching the TM by translimbal application from the
treatment laser is 2.8 times lower for DLST than for
SLT.16 This reduction in energy is due to scattering of
the beam and absorption of energy upon transmission
through the nontransparent tissues. Thus, the highest
DSLT energy used in this trial (1.4 mJ/shot) would be
equivalent to 0.5 mJ/shot of SLT.

This report describes the findings of the first clini-
cal trial of automated DSLT for patients with OAG.
Although we found a trend toward improvement of
IOP reduction in the higher-energy subgroup, this dose
dependence on energy level did not reach a level of
significance. A dose-response trial with larger numbers
of patients will be required to establish optimal energy
levels.

The laser we selected for the automated DSLT
device has pulse parameters similar to those of
standard nanosecond SLT lasers, with the exception
that our laser is capable of emitting tens to hundreds of
pulses per second. As a result, we are able to use laser-
scanning galvanometer mirrors to guide the laser beam
to deliver 100 to 120 laser pulses around the limbus
in about 1.5 or 2.3 seconds. This delivery regimen
enables us to obtain full automatization of the proce-
dure, with the operating physician’s confirmation of
the target points and eye-tracking functions. Once the
target is defined by the algorithm and approved by
the operator, a specially developed electronic system is

put into operation to deliver the laser pulses automat-
ically. Controlled by the software, the system images
the eye before each shot, analyzes the image to track
the eye’s motion, adjusts the position of the laser’s
steering mirrors, and then fires a single laser shot. The
process is then repeated for all of the remaining shots.
Importantly, the system’s architecture and software
prevent laser delivery through the pupil to avoid poten-
tial exposure of the retina.

The results of this clinical trial demonstrated
that translimbal DSLT in patients treated with a
preset energy level of ≥1 mJ (mean IOP reduction,
6.0 mm Hg; CI, 3.2−8.9) did not differ significantly
from the reported IOP reduction obtained 6 months
posttreatment in prospective randomized clinical trials
(the mean IOP reduction calculated for the SLT study
arm was 5.76; CI, 5.28−6.24).25–29 A major limitation
of the current study is its small patient sample and the
lack of a control group. It should therefore be borne in
mind that the difference in the CIs might be decreased
with a larger multicenter randomized controlled study
group (currently under way).

IOP spikes are known to be a possible early compli-
cation of SLT in up to 27% of the treatments.20,29,30
The fact that none of our current study patients
had IOP spikes might be attributable to the exclu-
sion of patients with pigment dispersion glaucoma,
as well as to the relatively small number of partic-
ipants, or, alternatively, due to the laser delivery
method.
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A potential problem with translimbal irradiation
is its possible effect on the stem cells present in the
beam path. The corneal endothelium stem cell niche
may receive less irradiation by the DSLT approach
than by SLT. These cells, however, were shown to be
activated rather than damaged by the higher-energy
argon laser trabeculoplasty in experiments on human
anterior segments in organ culture.31 Some corneal
epithelial stem cells might also be impacted by the
DSLT beams. However, oligopotent stem cells are
present throughout the corneal, limbal, and conjunc-
tival epithelia.32 Furthermore, no corneal transparency
problems were encountered in any of our study partic-
ipants or in our proof-of-concept study,15 suggesting
that the laser application has no deleterious effects on
these cells.

The only adverse events documented in our study
were mild subconjunctival hemorrhages, which
resolved without treatment within 1 week in four
patients. We assume that these events had resulted
from direct laser hits on small conjunctival vessels on
the perilimbal area on the sclera.

A significant increase in the future glaucoma
workload can be expected as a result of the rising
numbers of people affected by glaucoma worldwide. In
parallel, more nonphysician personnel (optometrists,
glaucoma nurses) are likely to provide eye care in the
years ahead. Optometrists are already legally allowed
to perform SLT in the United Kingdom and in several
states of the United States. An automatic DSLT
approach may achieve widespread acceptance as a
rapid and simple glaucoma treatment not limited to
professionals who are experts in gonioscopy or by
the nonavailability of glaucoma medications or by
adherence considerations. DSLT could prove highly
beneficial, especially in communities lacking ophthal-
mologic services. Furthermore, since visualization of
the angle is not required, DSLT may become an
option for treating angle closure glaucoma as well.33
Another advantage of the system in the era of the
coronavirus disease 2019 (COVID-19) pandemic is the
lack of contact with the treated eye and the poten-
tial for increasing the distance between the patient and
operator, who does not have to use the gonioscope.
Although the severe acute respiratory syndrome coron-
avirus 2 viral particles could be present in the tear
film in one-third of ocular samples among patients
with ocular manifestation, which in turn represents
only 5% of the COVID-19–related patients,34 we do
not consider the laser plume effect could result in the
release and dispersion of significant particulate matter
into the atmosphere. In DSLT, the laser first passes
through relatively transparent conjunctiva/epithelium
above the limbus. If laser energy is absorbed, it is

expected to be subsurface—where the absorbers are
located—resulting in minimal ejected particles. In fact,
we reported on few subconjunctival hemorrhages,
meaning that the ablation would have been mostly
contained. In our study, there have been no reports
of eye discomfort, which would be an indication of
surface damage on the conjunctiva.

Given the low laser energy and the expected low
concentration of the virus on the eye, the potential for
dispersal is expected to be minimal.

In summary, our results suggest that DSLT applied
directly to the limbus without a gonioscopy lens
is an effective, safe, easily performed, and well-
tolerated new modality to reduce IOP in patients
with POAG and OHT. The findings that higher
levels of energy result in better-sustained IOP reduc-
tion remain to be further evaluated in a larger
patient sample. This novel noncontact technique
simplifies and shortens the procedure, increasing
accessibly to eye drop–free first-line glaucoma care
while reducing cornea-related side effects. A multi-
center, international randomized clinical trial is
currently under way to verify the results reported
herein.
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