
Original Article

Micropulse transscleral diode laser
cyclophotocoagulation in the treatment of
refractory glaucoma_ 266..272

Anna M Tan FAMS,1 Muthuraman Chockalingam FRCS,2 Maria C Aquino MD,1 Zena I-L Lim FRCS,3

Jovina L-S See FRCS1 and Paul TK Chew FRCS1

1Department of Ophthalmology, National University Hospital, 2Uma Eye Clinic, Chennai, India, and 3Singapore National Eye Centre,
Singapore

Abstract
Background: Transscleral diode laser cyclophotoco-

agulation (TSCPC) is an established method of treat-
ment for refractory glaucoma, but is associated with
significant complications. This study evaluates the
efficacy and safety of a new form of TSCPC using
micropulse diode laser and trans-pars plana treat-
ment with a novel contact probe.

Methods: Prospective interventional case series of 40
eyes of 38 consecutive patients with refractory glau-
coma treated with micropulse TSCPC with a novel
probe. Outcomes measured were success, hypotony
and response rates.

Results: The mean age of patients was 63.2 � 16.0
years. The mean follow-up period was 16.3 �

4.5 months. The mean intraocular pressure (IOP)
before micropulse TSCPC was 39.3 � 12.6 mmHg.
Mean IOP decreased to 31.1 � 13.4 mmHg at 1 day,
28.0 � 12.0 mmHg at 1 week, 27.4 � 12.7 mmHg
at 1 month, 27.1 � 13.6 mmHg at 3 months,
25.8 � 14.5 mmHg at 6 months, 26.6 � 14.7 mmHg
at 12 months and 26.2 � 14.3 mmHg at 18 months
(P < 0.001 at all time points). No patient had
hypotony or loss of best-corrected visual acuity. The
overall success rate after a mean of 1.3 treatment
sessions was 72.7%.

Conclusion: Micropulse TSCPC is a safe and effective
method of lowering IOP in cases of refractory glau-

coma and is comparable with conventional
TSCPC.

Key words: micropulse laser, refractory glaucoma,
transscleral diode cyclophotocoagulation, trans-pars
plana.

INTRODUCTION

Glaucoma is a leading cause of irreversible blindness
worldwide.1 When intraocular pressure (IOP) is dif-
ficult to control with medications, surgical interven-
tion is required to preserve optic nerve function.2

Primary surgical procedures include trabeculectomy
with or without anti-metabolites, as well as glaucoma
drainage implants.2–4Cycloablation lowers IOP by
destruction of ciliary body epithelium and stroma,
thus reducing aqueous production.5,6 Cycloablation
using cryotherapy was associated with high risk
of vision-threatening complications.7,8 Diode laser
cyclophotocoagulation appeared safer than cyclocryo-
therapy although complications still occur.8–17

Diode laser micro pulsing has been shown in pre-
vious clinical and experimental studies to be useful
in achieving targeted tissue damage and minimizing
collateral thermal injury to adjacent tissues.18–25 In
contrast to conventional laser delivery where a con-
tinuous train of high intensity energy is delivered,
micropulse laser application delivers a series of
repetitive short pulses of energy with rest periods in
between pulses. This has been used successfully in
diode laser photocoagulation for the treatment of
retina diseases.18–23
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Micropulsing diode laser contact transscleral
cyclophotocoagulation (DLTSC) has been tried in the
treatment of refractory glaucoma. In a previous study,
810 nm infrared diode laser radiation in the micro-
pulse mode was used in conjunction with a G probe
(Iris Medical Instruments, Mountain View, CA,
USA).26 In another pilot study, DLTSC was modified
to target the pars plana region ab externo using a
specially designed probe in which the diode laser
emitting fibre optic was positioned more posteriorly
from the limbus as compared with a G probe.27 This
modification led to a significant reduction in IOP in
the majority of patients at 1 week, with less but still
significant effect at 12 weeks.

The authors conducted this prospective non-
comparative study combining the usage of this novel
contact probe with micropulse diode laser settings in
eyes with refractory glaucoma.

METHODS

This is a prospective, non-comparative interven-
tional case series of consecutive consenting patients
diagnosed with refractory glaucoma at the National
University Hospital, Singapore, were recruited
between May 2006 and December 2006.

The diagnostic and inclusion criteria were:

• Patients with refractory glaucoma, defined as
IOP > 21 mmHg on maximal tolerated medical
therapy with or without prior glaucoma surgical
procedures

• Patients who refuse or are poor candidates for
additional filtering surgery or implantation of
glaucoma drainage devices

• A best-corrected visual acuity of worse than
6/60 on Snellen chart testing

• A minimum follow-up of 12 months

The following patients were excluded from
the study:

• Patients who had undergone any intraocular
surgery within 2 months of enrolment

• Patients unable to give informed consent
• Patients who had undergone previous conven-

tional transscleral diode laser cyclophotocoagu-
lation (TSCPC)

• Patients with significant scleral thinning
defined as thinning of more than one clock hour
noticed on scleral transillumination

• Patients who refused re-treatment for better IOP
control after failure of the first sitting

The micropulse TSCPC procedure was performed
by a single surgeon in the outpatient setting.
Peribulbar anaesthesia of 3–5 mL of 2% ligno-

caine hydrochloride 100 mg/5 mL (AstraZeneca,
Singapore Pte Ltd) was given before the procedure.
Scleral transillumination was used to identify any
areas of thinning, and a diode laser emitting ball-
lens tip contact probe was applied perpendicular to
the limbus. This probe houses a quartz fibre optic of
600 mm in diameter, with its hemispherical tip pro-
truding 0.7 mm from the hand piece. The probe was
designed to allow for accurate positioning of the
fibre-optic tip at 3 mm posterior to the limbus
(Fig. 1).

The laser settings (Fig. 2) used were 2000 mW of
810 nm infrared diode laser radiation set on micro-
pulse mode (Iris Medical Instruments, Mountain
View, CA, USA), delivered over 100 s (envelope of
micropulses). This translates to a total of 62 500
micropulses delivered with 0.5 ms on and 1.1 ms off
time (duty factor of 31.3%). A total energy of 62.6 J
was thus delivered to each eye.

The probe was applied with firm pressure and
moved in a continuous sliding arc motion to and fro
(‘painting’) from 9:30 o’clock to 2:30 o’clock for the
superior quadrant for 50 s, and from 3:30 o’clock to
8:30 o’clock for the inferior quadrant for another
50 s. The 3 and 9 o’clock meridians were spared,
along with any area of thinned sclera. In some cases

Figure 1. New contact probe for micropulse transscleral
cyclophotocoagulation.
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where the conjunctiva was loose, laser treatment was
stopped momentarily to release any caught conjunc-
tiva before reapplication of the probe at the same
spot and continuation of the treatment.

The amount of intraoperative pain experienced by
the patient was recorded and additional peribulbar
anaesthesia was administered as required. Postop-
eratively, topical prednisolone acetate 1% (Pred
Forte, Allergan Pte Ltd, Singapore) was prescribed
four times daily for a minimum of 1 week and then
tapered depending on the anterior chamber reac-
tion. All pre-procedure glaucoma medications were
continued.

Follow-up examinations were performed at 1 day,
1 week, 1 month, 3 months, 6 months, 12 months
and 18 months. Pain scoring on a verbal analogue
scale (Table 1), best-corrected visual acuity, IOP,
number and type of tolerable medications required
to maintain an IOP of 21 mmHg or 30% reduction
from baseline, detailed anterior segment examina-
tion including corneal clarity, anterior chamber reac-
tion, gonioscopic findings and optic nerve head
examination, were recorded preoperatively, and then
again at each follow-up visit. The IOP was measured
using the Goldmann Applanation Tonometer. The
mean of two measurements with a time interval of
5 min was taken.

The anti-glaucoma medications were adjusted and
when a pressure lowering effect was observed;
medical therapy was reduced in a stepwise fashion,
starting with oral acetazolamide. We waited for a
minimum of 1 month for the full IOP lowering effect
of the first micropulse DLTSC to stabilize. After
1 month, if the IOP reduction was less than 30%
from baseline on two consecutive visits separated by
an interval of at least 1 week, retreatment was
performed. The settings were similar to the first
treatment, except for an increase in the pulse enve-
lope to 160 s. This results in a standard delivery of
100 J of energy to each eye.

In this study, relative success was defined as
maintaining IOP of 6–21 mmHg or achieving 30% or
more reduction in IOP from baseline, with or
without topical IOP lowering medications, at final
follow-up. The need for a repeat micropulse DLTSC
was not considered a failure. The outcome of
the therapy was defined in terms of success
rate, hypotony rates, response rates (success and
hypotony rates considered together) and re-
treatment rates.

Statistical analysis was performed using SPSS soft-
ware version 15.0 (SPSS Inc., Chicago, IL, USA).
Parameters were compared using the paired t-test; a
P-value < 0.05 was considered significant.

RESULTS

Forty eyes of 38 patients were recruited in the study
and received micropulse DLTSC between May 2006
and December 2006. Table 2 summarizes the types of
glaucoma treated with micropulse DLTSC.

There were 30 males (78.9%) and 8 females
(21.1%). Right eye of 15 patients (37.5%) and left
eye of 21 (52.5%) and both eyes of two patients
underwent treatment with micropulse DLTSC. The
mean � standard deviation (SD) laser energy deliv-
ered per eye was 97.6 � 48.4 J of the 40 eyes treated,
14 eyes (35.0%) required a second sitting of micro-
pulse DLTSC between 4 and 12 weeks after initial
treatment. No eye received a third treatment. A total
of 54 treatment sessions were carried out in these 40
eyes with a mean of 1.4 sessions per eye.

The follow-up ranged from 12 to 18 months after
micropulse DLTSC. The mean � SD follow-up
period was 17.3 � 2.0 months.
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Figure 2. Settings for laser delivery.

Table 1. Postoperative record of pain on a verbal analogue
scale

Pain grade Description of pain

None No subjective feeling of pain
Mild Pain tolerable and not requiring use of oral

analgesia
Moderate Pain tolerable with regular usage of oral analgesia
Severe Pain despite regular dosing of oral analgesia

Table 2. Distribution of glaucoma diagnoses

Type of glaucoma n (%)

Neovascular glaucoma 16 (40.0)
Primary open angle glaucoma 9 (22.5)
Primary angle closure glaucoma 10 (25.0)
Aphakic glaucoma 2 (5.0)
Silicone oil induced glaucoma 2 (5.0)
Juvenile glaucoma 1 (2.5)
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Rate of relative success, defined as either main-
taining an IOP of less than 21 mmHg or achieving a
reduction of 30% from baseline IOP with or without
supplementing topical anti-glaucoma medications
was 80% (32 out of 40 eyes) at final follow-up. None
of the eyes required systemic IOP lowering medi-
cations. The mean � SD pre-treatment IOP was
40.1 � 11.6 (range 21–70) mmHg. The mean � SD
post treatment IOP was 31.1 � 13.4 mmHg on post-
operative day 1 (range 9–55 mmHg), 27.4 � 12.7
mmHg at 1 month follow-up (range 9–50 mmHg),

25.8 � 14.5 mmHg at 6 months follow-up (range
6–46 mmHg), 24.7 � 10.8 at 12 months follow-up
(range 10–50 mmHg) and 24.6 � 9.6 mmHg at final
follow-up (range 12–52 mmHg).

The mean IOP on day 1 post treatment, the mean
at 1 year and the mean IOP at final follow-up, were
all statistically lower than the pre-treatment IOP
(P < 0.001, paired t-test). There were no cases of
hypotony, defined as IOP less than 6 mmHg, at final
follow-up. Table 3 summarizes the IOP of these 40
eyes at various points of follow-up.

Table 3. IOP before and after micropulse diode transcleral cyclophotocoagulation

Patient Sex Age
(years)

IOP before laser
(mmHg)

IOP at 12 months
(mmHg)

IOP at final follow-up
(mmHg)

1 F 13 40 22 20
2 M 88 34 10 15
3 M 71 30 24 20
3† M 71 23 17 16
4 M 26 30 20 20
5 M 53 35 16 19
6 M 70 26 11 12
7 M 45 24 19 18
8 M 78 45 17 14
9 M 72 38 20 19

10 M 50 66 10 14
11 M 66 42 16 16
12 M 58 70 12 18
13 M 72 24 15 19
14 F 67 52 10 15
15 M 65 21 12 12
16 F 62 24 16 18
17 M 67 36 23 22
18 M 36 34 30 24
18‡ M 36 36 21 23
19 M 91 40 24 28
20 M 76 40 26 28
21 F 70 37 18 24
22 M 78 55 36 32
23 F 78 49 34 26
24 M 51 58 46 40
25 M 70 55 28 30
26 M 63 40 23 23
27 M 72 38 30 28
28 F 76 38 30 23
29 M 68 32 22 22
30 F 38 54 50 44
31 M 45 42 30 36
32 M 57 38 34 30
33 M 78 45 40 45
34 M 72 38 30 28
35 M 50 54 48 52
36 F 84 47 47 45
37 M 50 48 20 23
38 M 72 25 30 24
Mean � SD 62.6 � 16.8 40.1 � 11.6 24.7 � 10.8 24.6 � 9.6
P value* NA NA <0.001 <0.001

*Paired t-test, as compared to pre-cyclophotocoagulation levels. †Second eye of patient 3. ‡Second eye of patient 18. F, female;
FU, follow-up; IOP, intraocular pressure; M, male; SD, standard deviation.
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The mean � SD of IOP lowering medications
was reduced from 2.1 � 1.1 (range, 0–4) before
cyclophotocoagulation to 1.3 � 1.0 (range, 0–3) at
final follow-up (P < 0.001 when compared with
preoperative level, paired t-test). All six patients
who required systemic acetazolamide preopera-
tively were able to stop the medication on day 1
after laser.

The pre-treatment visual acuity ranged from no
light perception to 6/60. Improved vision is defined
as one or more Snellen line gain or change from light
perception to perception of hand movement. Dete-
rioration in vision is defined as Snellen fall off of one
or more line. Visual acuity improved from pre-
micropulse DLTSC to final follow-up in 4 of 40 eyes
(10%) and remained unchanged in 36 of 40 eyes
(90%). None of the patients had deterioration of their
best-corrected visual acuity at final follow-up visit.

During the procedure, a total of 12 patients
(31.6%) reported experiencing pain; 10 (26.3%) had
tolerable pain that did not require any additional
anaesthesia. Two patients (5.3%) required additional
regional anaesthesia. Post procedure, seven patients
(18.4%) reported mild pain on the first day. None
experienced moderate or severe pain. All the eight
patients with a painful blind eye expressed relief of
their eye symptoms after the procedure. All patients
had mild postoperative inflammation at day 1 in the
form of 1+ anterior chamber cells with slight con-
junctival hyperaemia. This resolved by 2-week post-
treatment in 36 eyes (90%). In the remaining four
eyes (10%), the uveitis resolved in 4 weeks’ time.
Seven eyes (17.5%) developed hyphaema post laser,
all of which were in patients with neovascular
glaucoma. There were no cases of scleral perforation,
phthisis bulbi, endophthalmitis or sympathetic
ophthalmia. One patient who had no light percep-
tion before micropulse TSCPC underwent eviscera-
tion at 6 weeks for corneal perforation secondary to
infection on pre-existing bullous keratopathy.

The success rate was 80% (32 out of 40 eyes) for
the entire study period. After adjustment for diag-
noses, the highest failure rate was observed in
patients with neovascular glaucoma (6 out of 12
eyes). However, due to the small numbers, univari-
ate and multivariate models of logistic regression
analysis did not identify any predictors of failure
(e.g. age, sex, type of glaucoma diagnoses, pre-
treatment IOP) in this study.

As there were no cases of hypotony during any of
the follow-up visits, the response rate was similar to
success rate. 65% (26 out of 40 eyes) achieved a
successful IOP control after one treatment. A further
15% (6 eyes) gained success after two treatments.
Nine eyes (20%) had unsatisfactory IOP control after
two treatments. The overall failure rate, including
the eye that was eviscerated, was 20%.

DISCUSSION

In this study, the rate of relative success, defined as
either maintaining an IOP of less than 21 mmHg or
achieving a reduction of 30% from baseline IOP with
or without topical anti-glaucoma medications was
80% at final follow-up. Mean IOP was significantly
reduced from the preoperative mean � SD of
40.1 � 11.6 mmHg to 24.6 � 9.6 at final follow-up
(P < 0.001); and there was no statistical difference
between mean IOP at 12 months (24.7 � 10.8) and at
final follow-up (P = 0.37). The mean � SD of IOP
lowering medications was reduced from 2.1 � 1.1
(range, 0–4) before micropulse DLTSC to 1.3 � 1.0
(range, 0–3) at final follow-up (P < 0.001, paired
t-test).

Diode laser TSCPC targets pigmented intraocular
tissues, including that of the ciliary body epithelium.
Conceptually, micropulse application of laser allows
energy to build up with each subsequent pulse to
result in photocoagulation, whereas adjacent non-
pigmented tissue cools during the off-cycle and
remains below its coagulation threshold. Several
investigators have described their clinical studies
utilizing diode laser micropulsing.18–25 Parodi et al.
found the efficacy of sub-threshold grid laser treat-
ment with micropulse diode laser to be comparable
with that of threshold grid laser treatment for
macular oedema secondary to branch retinal vein
occlusion despite the lack of biomicroscopic and
angiographic signs.19 Laursen et al. showed that
micropulse diode laser had a stabilizing or even
improving effect on diabetic macular oedema.21

Traditionally cyclodestructive procedures, includ-
ing cyclocryotherapy and cyclophotocoagulation,
were reserved for eyes with refractory glaucoma and
limited visual prognosis. The reason for cyclode-
structive procedures not being accepted widely as a
primary procedure in seeing eyes was that earlier
studies indicated significant complications. Cyclode-
struction using laser turned out to be safer, but com-
plications may include vision loss, corneal oedema,
pupillary distortion, cystoid macular oedema and
hypotony. Theoretically, thermal localization with
micropulse diode laser TSCPC offers the possibility
of minimizing collateral tissue damage, and hence
avoiding the pronounced tissue disruption of ciliary
body, epithelium and ciliary processes seen in histo-
logical specimens after conventional TSCPC.28 This
may explain the lack of severe complications such as
hypotony, loss of vision and phthisis bulbi in this
study. The procedure appears to be well tolerated by
patients both during as well as after the laser session
and abolishes the need for overnight patching or use
of cycloplegic agents.

During the procedure, a total of 12 patients
(31.6%) reported experiencing pain out of which
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only two patients (5.3%) required additional
regional anaesthesia. None experienced moderate or
severe pain. Micropulse application may be less
painful by limiting thermal diffusion to sensory
neurons in the deep choroid. Friberg and Venkatesh
compared the pain associated with diode laser pho-
tocoagulation using a continuous delivery mode
with that of micropulse settings and found that most
patients experienced less pain with the micropulse
mode.29 Another possible explanation for the treat-
ment being less painful was the fact that the absolute
amount of energy delivered was less compared to
traditional TSCPC.

The rapidity of IOP reduction, seen as early as
1 day post treatment, is a possible additional advan-
tage over conventional TSCPC. The rapid reduction
in IOP seen may be due to enhanced uveoscleral
outflow. Two experimental studies have reported
increased uveoscleral aqueous outflow after transs-
cleral laser treatment centred over the pars plana.
The first, by Schubert et al. on post-mortem human
eyes and on porcine eyes, found that the outflow
increase was directly proportional to the surface area
treated with laser.30 The second, performed by Liu
et al. on monkey eyes, used tracer particles to provide
evidence that the IOP reduction produced by the
laser treatment over the pars plana results from the
enhancement of uveoscleral outflow.31 One may,
however, postulate that the IOP-lowering effect was
secondary to inflammation, which in turn may lead
to decreased aqueous production and/or increasing
uveoscleral outflow. This should result in only a
transient reduction in IOP that disappears as the
inflammation settles. This study, however, shows the
sustainability of IOP reduction even after inflamma-
tion had settled clinically.

Like other micropulse laser protocols, the proto-
col that was used has no clinically evident end
point (e.g. ‘pops’ heard in conventional TSCPC) to
help titrate or confirm therapy. It is hence difficult
to know when treatment is adequate for individual
patients. As the contact probe is applied in a stan-
dard fashion with the laser emitting fibre-optic tip
located precisely at 3 mm posterior to the limbus,
transillumination to localize the position of the
ciliary body band is not routinely performed. This,
however, leads to the question of which structure
or process the laser is exerting an effect on, espe-
cially in cases where the ciliary body location
is uncertain. Nonetheless, this descriptive study
has demonstrated the IOP lowering efficacy of
this novel method of micropulse TSCPC up to
18 months.

To conclude, micro pulse diode TSCPC appears to
be a promising, safe alternative procedure with
potential advantages like minimizing further the
complications as compared to conventional diode

TSCPC. This non-comparative case series is limited
by a small sample size and relatively brief follow-
up. Longer follow-up is required to determine the
longevity of the treatment effect and rate of late
complications. The treatment protocol needs further
evaluation in multicenter studies to assess the repro-
ducibility of results. Histological specimens of eyes
treated with micropulse TSCPC are required to study
its biological effects on the ciliary epithelium and
processes. Ultimately, a randomized controlled trial
comparing conventional TSCPC with this new
method of micropulse TSCPC will provide more data
on the role of micropulse TSCPC for the treatment of
patients with refractory glaucoma.
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