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ABSTRACT

Introduction: To investigate 5-year outcomes
on intraocular pressure (IOP) and safety of
micropulse transscleral cyclophotocoagulation
(TSCPC) in patients with glaucoma.

Methods: Patients with mild to advanced glau-
coma who underwent a standardized micropulse
TSCPC procedure at the University Eye Clinic
Maastricht from November 2016 to February
2019 were included.

Results: A total of 165 eyes were included,
with outcomes for 112 eyes available after
5-year follow-up. Mean age was 67.3+13.9 years;
58.2% were male. Glaucoma subtypes were pri-
mary glaucoma (n=108) and secondary glau-
coma (n=>57). Prior glaucoma surgery was per-
formed in 65 of 165 eyes (39.4%). In the primary
glaucoma group, mean preoperative IOP was
20.7+£7.1 mmHg. Mean postoperative IOP at
1, 2, 3, 4, and 5 years significantly reduced to
15.2+£6.5, 14.3+5.0, 14.0+4.9, 13.5+4.1, and
12.9+4.3 mmHg, respectively. Preoperatively,
the mean number of IOP-lowering medications
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was 3.3+1.3, which changed to 2.8+1.3,
2.8+£1.2,2.8%£1.2,29+1.2,and 2.7+1.3 at 1, 2,
3, 4, and S years, respectively. In the second-
ary glaucoma group, mean preoperative IOP
was 28.7+10.3 mmHg, dropping significantly
t019.3+£10.4, 18.6+£11.3,17.8+9.8, 18.1+12.0,
and 15.5+7.6 mmHg at the same intervals. The
number of IOP-lowering medication was sig-
nificantly reduced from 3.5+1.1 to 2.5£1.5,
2.2+1.5,2.6+1.4,2.6+1.5,and 2.5+1.7. In the
total group, mean IOP reduction was 32.5%
after 5 years. Postoperative complications
included cystic macular edema (n=3), fibrinous/
uveitic reaction (n=1), and rejection of corneal
graft (n=2), all reversible after treatment. One
patient developed late and persisting hypotony.
Other adverse events were retinal venous occlu-
sion (n=1) and retinal vasculitis (n=1), unre-
lated to the laser treatment. In patients with
a preoperative Central Distance Visual Acuity
(CDVA)>0.05 on the Snellen chart, more than
two lines of visual acuity (VA) loss were attrib-
uted to cataract (n=10), retinal disease (n=5),
glaucoma progression (n=3), corneal decompen-
sation (n=2), or other factors (n=11).
Conclusion: Micropulse TSCPC is a safe and
effective treatment for reducing IOP and the
number of IOP-lowering medications after a
S-year follow-up period. It is a viable alterna-
tive for patients after failed incisional glaucoma
surgery or high-risk patients.
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Key Summary Points

Why carry out this study?

Despite encouraging results, evidence regard-
ing the long-term efficacy and safety of
micropulse transscleral cyclophotocoagula-
tion (TSCPC) remains limited.

There are currently no reports in the litera-
ture with a 5-year follow-up period.

In this study, the efficacy, safety, and sustain-
ability of micropulse TSCPC were investi-
gated considering that treatment has limited
postoperative complications while offering
reduction of intraocular pressure and/or
medication.

What was learned from the study?

Micropulse TSCPC can offer a sustained
intraocular pressure (IOP) reduction of 32.5%
and/or medication reduction after 5 years of
follow-up.

Micropulse TSCPC offers a viable alternative
for patients with refractory glaucoma and
after failed incisional glaucoma surgery.

INTRODUCTION

Glaucoma treatment primarily focuses on
reducing intraocular pressure (IOP) [1] to pre-
vent optic nerve damage and vision loss. This
is typically achieved through various means,
such as topical medications, laser therapy, or
surgical procedures aimed at increasing aque-
ous humor outflow or decreasing its produc-
tion. Conventional treatments include inci-
sional glaucoma surgery, minimally invasive
techniques, or glaucoma tube implantation [2].
For patients with refractory or uncontrolled
glaucoma, cyclodestructive procedures like cyc-
locryocoagulation, cyclodiathermy, or trans-
scleral cyclophotocoagulation (TSCPC) may

be considered as a last resort [3, 4]. However,
these procedures have been associated with sig-
nificant complications [5-7], including persis-
tent hypotony, inflammation, and vision loss,
leading many practitioners to reserve them for
cases where other options have failed.

Micropulse transscleral cyclophotocoagu-
lation (MP-TSCPC) represents a promising
advancement in glaucoma treatment [8]. This
laser therapy aims to achieve IOP reduction
with minimal damage to the ciliary body, a
key component in aqueous humor regulation.
Unlike traditional cyclodestructive techniques,
micropulse therapy delivers laser energy in
short bursts, minimizing thermal injury to col-
lateral ocular tissues. In addition to its destruc-
tive effect on the ciliary body, choroidal effu-
sion has been observed [9, 10] to contribute to
increased suprachoroidal outflow. Several stud-
ies [11-17] have reported favorable outcomes
with MP-TSCPC, demonstrating effective IOP
reduction and fewer severe complications com-
pared to conventional methods [11]. These
findings suggest that MP-TSCPC could poten-
tially be used earlier in the treatment pathway
for glaucoma.

Despite encouraging results, evidence regard-
ing the long-term efficacy and safety of MP-
TSCPC remains limited. Previous investigations
have frequently been characterized by relatively
small sample sizes and short follow-up periods,
alongside variations in treatment parameters.
Moreover, only a limited number of studies
have conducted follow-up assessments extend-
ing up to 2 years [17-20]. Therefore, there is a
need for further investigation into the outcomes
of MP-TSCPC in larger cohorts with extended
follow-up periods and standardized treatment
protocols.

Previously, we conducted a prospective study
[17] examining the 2-year outcomes of micro-
pulse treatment. To gain a more extensive under-
standing and analyze a larger patient cohort, we
have now undertaken a retrospective analysis of
a larger patient population. This study aims to
evaluate the long-term effectiveness and safety
of MP-TSCPC in patients with various forms
and stages of glaucoma. Through this retrospec-
tive review, we aim to provide comprehensive
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insights into the outcomes of MP-TSCPC as a
treatment option for glaucoma management.

METHODS

This retrospective study analyzed patients with
glaucoma treated at the University Eye Clinic
of Maastricht University Medical Centre, Maas-
tricht, the Netherlands, between November
2016 and February 2019. This study followed the
principles of the Declaration of Helsinki and was
approved by the institutional ethics committee
(METC) of the Maastricht University Medical
Centre+. All patients gave their consent prior
to treatment. In this period, patients with mild
to advanced glaucoma were offered micropulse
transscleral cyclophotocoagulation (MP-TSCPC)
as an alternative to standard glaucoma filtra-
tion surgery or cyclodestruction; this was only
considered if the clinician deemed micropulse
TSCP appropriate based on IOP, progression
rate, or the patient’s unsuitability for incisional
surgery. Treatment was considered for cases of
uncontrolled glaucoma despite maximal toler-
ated topical and/or systemic intraocular pressure
(IOP)-lowering medications or for cases after pre-
vious failed glaucoma surgery or previous glau-
coma surgery with insufficient IOP control (per-
formed at least 6 months prior to MP-TSCPC).
Additionally, patients with stable advanced
glaucoma or high surgical risk were included
with the goal of reducing their dependence on
IOP-lowering medications in cases side effects
from topical and/or especially oral medication
(acetazolamide). In eyes without light percep-
tion, treatment was aimed at reducing the use
of topical medication and/or oral acetazolamide
and alleviating pain caused by high preopera-
tive intraocular pressures. Exclusion criteria for
treatment included active uveitis with second-
ary glaucoma, active neovascular glaucoma, or
scleral thinning > 1 clock hour.

All patients underwent treatment follow-
ing a standardized protocol, performed by two
glaucoma surgeons (R.d.C, C.S.) in an operating
room. After administering sub-Tenon'’s anes-
thesia (a mixture of 2% mepivacaine and 75E
Hyason), micropulse TSCPC was conducted

using the MicroPulse P3 probe (Iridex® Cyclo
G6 laser system, Mountain View, USA) at 2000
mW with an 80-s duration for IOP <30 mmHg
or 90 s for IOP>30 mmHg per hemisphere, at
a 31.3% duty cycle, based on the settings rec-
ommended by the manufacturer. Both hemi-
spheres were treated with continuous move-
ment and steady pressure on the ocular globe,
avoiding the 3 and 9 o’clock positions, previ-
ous surgical sites, and areas of scleral thinning.
For re-treatments, the power was increased to
2100 mW (second treatment) or 2200 mW (third
treatment). Postoperative care included topical
tobramycin 0.3% combined with dexametha-
sone 0.1% (Tobradex; Alcon, Fort Worth, TX) eye
drops for 9 days, with IOP-lowering medications
adjusted as needed. At postoperative visits, IOP
and the number of IOP-lowering medications
were recorded, and slit-lamp examination was
performed to detect treatment complications
(e.g. corneal pathology, anterior chamber reac-
tion, cystoid macular edema, choroidal detach-
ment, or other ocular abnormalities). Diamox
was included as a glaucoma medication in the
calculation of the total number of medications.
In the presence of visual complaints, corrected
visual distance acuity (CVDA) was measured,
and in addition to slit-lamp examination, an
optical coherence tomography (OCT) of the
macula was performed to confirm or exclude
cystoid macular edema. Hypotony was defined
as an IOP < 6 mmHg measured at two or more
consecutive visits. Patient data were ana-
lyzed postoperatively at 1 day, 1 week, and 1,
3, 6, and 12 months and yearly thereafter. All
patients with at least 12 months of follow-up
were included in this study. In the event that
both eyes of one patient needed to be treated,
only the first treated eye was included. Partial
treatment success was defined as an postopera-
tive IOP reduction of >20% compared with base-
line or a decrease in the number of IOP-lowering
medications with stable IOP. Total treatment
success was defined as both a postoperative IOP
between 6 and 21 mmHg and a postoperative
IOP reduction of >20% compared with baseline
and/or a decrease in the number of IOP-lowering
medications with stable IOP.

Statistical analyses were performed using IBM
SPSS Statistics, version 28.0.0.0. Descriptive
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statistics were used to summarize the data, and
appropriate statistical tests were conducted to
assess the differences between groups.

RESULTS

Baseline characteristics, including age, sex, glau-
coma type, previous glaucoma surgery, and lens
status, are shown in Table 1.

A total of 165 patients were included in the
study; outcomes for 112 eyes were available at
the 5-year endpoint: 65 eyes had received only
micropulse transscleral cyclophotocoagulation
(TSCP), 29 eyes had undergone additional glau-
coma surgery, 15 patients had passed away, 3
patients had undergone evisceration or enu-
cleation for reasons unrelated to glaucoma, and
53 patients were lost to follow-up (23, 32, 39,
and 53 patients lost to follow-up at 2, 3, 4, and
S years, respectively). Mean age was 67.3+13.9
(range 18-92) years, 96 were male (58.2%), and
69 were female (41.8%). Primary open-angle
glaucoma was diagnosed in 108 patients (65.5%)
and secondary glaucoma in 57 patients. Second-
ary glaucoma included inactive neovascular
disease (15 eyes), vitrectomy using silicone oil
(13 eyes), uveitis (11 eyes), trauma (8 eyes), a
history of complicated cataract surgery (5 eyes),
keratoplasty (4 eyes), and elevated episcleral
venous pressure (1 eye). No cases of angle clo-
sure, pseudoexfoliation, or pigment dispersion
glaucoma were included. Prior glaucoma surgery
was performed in 65 of 165 patients (39.4%).
Prior glaucoma surgery included trabeculec-
tomy (27 eyes), glaucoma drainage device (17
eyes), XEN-gel stent implant (7 eyes), cyclocry-
ocoagulation (3 eyes), Preserflo MicroShunt (2
eyes), or multiple glaucoma surgery (9 eyes).
Pseudophakia was present in 84 eyes (50.9%),
phakia in 66 eyes (40.0%), and aphakia in 15
patients (9.1%). Pretreatment CDVA was lower
than 0.0S5 Snellen (>1.3 LogMar) in 57 patients,
0.05-0.5 Snellen (1.3-0.3 LogMar) in 38 patients,
and better than 0.5 Snellen (<0.3 LogMar) in
70 patients. Preoperative visual field data were
available for 119 patients, with a mean devia-
tion of - 19.5+7.9 dB. The majority of patients
had end-stage glaucoma (63 eyes), followed by

severe glaucoma (35 eyes), moderate glaucoma
(13 eyes), and mild glaucoma (8 eyes).

Intraocular Pressure and Glaucoma
Medication

IOP results and the number of used glaucoma
medications are shown in Fig. 1 and Table 2.

In the primary glaucoma group, the mean
preoperative intraocular pressure (I10P)
was 20.7+7.1 mmHg, range 11-50 mmHg,
[OP<21 mmHg in 70 of 108 patients (64.8%).
The mean postoperative IOP dropped signifi-
cantly (p<0.001) to 14.1+5.1 mmHg at 1 month,
14.3+4.7 mmHg at 3 months, 15.1+5.1 mmHg
at 6 months, 15.2+6.5 mmHg at 1 year,
14.3+£5.0 mmHg at 2 years, 14.0+4.9 mmHg
at 3 years, 13.5+4.1 mmHg at 4 years, and
12.9+4.3 mmHg at 5 years (Fig. 1). The mean
number of IOP-lowering medications used pre-
operatively was 3.3+1.3. Postoperatively, the
mean number of medications used was 3.0+1.4
at 1 month, 2.9+1.3 at 3 months, 2.7+1.3 at
6 months, 2.8+1.3 at 1 year, 2.8+1.2 at 2 years,
2.8+1.2 at 3 years, 2.9+1.2 at 4 years, and
2.7+1.3 at 5 years. The reduction in medication
use was statistically significant up to 3 years
postoperatively (p<0.001 up to 2 years, p<0.01
at 3 years).

In the secondary glaucoma group, the mean
preoperative IOP was 28.7+10.3 mmHg, range
5-56 mmHg, IOP<21 mmHg in 14 of 57 patients
(24.6%). The mean postoperative IOP dropped
significantly to 20.7+9.3 mmHg at 1 month,
19.9+8.8 mmHg at 3 months, 19.7+6.4 mmHg
at 6 months, 19.3+£10.4 mmHg at 1 year,
18.6+11.3 mmHg at 2 years, 17.8+9.8 mmHg
at 3 years, 18.1+12.0 mmHg at 4 years, and
15.5+7.6 mmHg at 5 years (Fig. 1). The mean
number of IOP-lowering medications used pre-
operatively was 3.5+1.2. Postoperatively, the
mean number of medications used was 2.8+1.5
at 1 month, 2.6+1.4 at 3 months, 2.6+1.6 at
6 months, 2.5+£1.5 at 1 year, 2.2+1.5 at 2 years,
2.6+1.4 at 3 years, 2.6+1.5 at 4 years, and
2.5+1.7 at 5 years. Preoperative oral acetazola-
mide (Diamox) was used in 60 of 165 patients
(36.4%) and could be reduced to 23 of 165
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Table 1 Demographics of the study population

Total group Primary glaucoma Secondary glaucoma
No. of eyes 165 108 57
Age 67.3+13.9 (range 18-92)  70.8+10.1 (range 35-92)  60.7 % 174 (range
18-89)
Gender Male 96 (58.2%) Male 58 (53.7%) Male 38 (66.7%)
Glaucoma
Primary 108 (65.5%) 108 -
Secondary 57 (34.5%) - 57
Neovascular 15 - 15
Post-vitrectomy 13 - 13
Upveitis 11 - 11
Trauma 8 - 8
Complicated phaco procedure 5 - 5
Keratoplasty 4 - 4
Elevated episcleral venous pressure 1 - 1
Patients with prior glaucoma surgery 65 (39.4%) 57 (52.8%) 8 (14.0%)
Trabeculectomy 27 24 3
Glaucoma drainage device 17 14 3
XEN implant 7 7 -
Trabeculectomy + GDD 6 6 -
Cyclo cryocoagulation 3 1 2
Preserflo microshunt implant 2 2 -
GDD + cryocoagulation 1 1 -
TE + GDD + cryocoagulation 1 1 -
Preserflo+ GDD 1 1 -
Lens status
Pseudophakic 84 (50.9%) 62 (57.4%) 22 (38.6%)
Phakic 66 (40.0%) 45 (41.7%) 21(36.8%)
Aphakic 15 (9.1%) 1(0.9%) 14 (24.6%)

Age in mean years + SD

GDD glaucoma drainage device; TE trabeculectomy
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Fig. 1 IOP and number of glaucoma medications in total
patient cohort. Intraocular pressure (IOP) in mean mmHg,
number of medications in mean, *significant p <0.001
compared with preoperative values, *significant p < 0.005

patients (13.9%) after 1 year, meaning 61.7% of
patients could stop this medication.

Both pre- and postoperative IOP levels were
significantly lower in the primary glaucoma
group compared to the secondary glaucoma
group (p<0.0001), but there were no significant
differences in postoperative treatment effect/
IOP change between the two groups. Addition-
ally, no significant IOP differences were found
in postoperative IOP between the different sub-
groups with secondary glaucoma or between dif-
ferent lens conditions. The treatment effect did
not significantly differ between patients with a
history of glaucoma surgery and those without
such a history. There was a significant correla-
tion of preoperative IOP and IOP-lowering effect
at 1-5 year postoperatively (Pearson’s correla-
tion 0.359-0.505, p<0.001). We did not find a
correlation between postoperative IOP change
and age or preoperative number of IOP-lowering
medication.

Year1
Time

14

I No. Medication Primary Glaucoma

R No. Medication Secondary Glaucoma

== 0P Primary Glaucoma A2

== 0P Secondary Glaucoma

- 10

No. 0P medication

129* 4

2,7 25

Year 2 Year 3 Yeard Years

compared with preoperative values,_TSigniﬁcant p<0.01

compared with preoperative values, ' Significant p < 0.05
compared with preoperative values

Further analysis was done of the 65 eyes
which only received micropulse TSCP during
the 5 year follow-up. In this 5-year completers
cohort (see Table 3), the preoperative IOP of
20.3+7.2 mmHg significantly decreased to
14.0+4.6 mmHg at 1 year and remained stable
at 13.7+£5.6 mmHg up to S years postoperatively
(statistically significant (p<0.001) at all points),
an IOP reduction of 32.5%. An IOP reduction
of at least 20% was achieved in 64.6%, 66.2%,
67.7%, 69.2%, and 63.1% after 1, 2, 3, 4, and
5 years, respectively. In this cohort, 47.7%,
55.4%, 44.6%, 43.1%, and 44.6% of patients
needed fewer glaucoma medications after treat-
ment after 1, 2, 3, 4, and 5 years, respectively.
In this group, oral acetazolamide was used in
26 of 65 patients (40.0%) preoperatively and in
10 of 65 patients (15.4%) after 1 year, meaning
61.5% of patients could stop the acetazolamide.
This number also remained stable with 10 of 65
patients (15.4%) using oral acetazolamide after
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Table 2 Treatment results in total patient cohort

Pre Month 1 Month 3 Month 6 Year 1 Year 2 Year 3 Year 4 Year 5
Primary glaucoma
No. eyes 108 107 105 104 100 74 67 62 45
0P 20.7+7.1 14.1+5.1* 14.3+4.7* 15.1£5.1* 15.2+6.5* 14.3+5.0* 14.0+£4.9* 13.5+4.1* 12.9+4.3*
No. medica- 33+13 3.0+14" 29+1.3" 27+1.3* 2.8+1.3* 2.8+1.2* 2.8+1.27 29+12 27+13
tions
No. retreated - - 8/108 23/108 32/108 35/108 38/108 40/108 41/108
eyes (7.4%) (21.3%) (29.6%) (32.4%) (35.2%) (37.0%) (38.0%)
No. glaucoma - - - - 6/108 7/108 8/108 11/108 14/108
surgery (5.6%) (6.5%) (7.4%) (10.2%) (13.0%)
Secondary glaucoma
No. eyes 57 57 54 53 49 34 27 20 20
0P 28.7+10.3 20.7+£9.3* 19.9+8.8* 19.7 £+ 6.4* 19.3+10.4* 18.6+11.3* 17.8+9.8* 18.1+12.0™" 155+7.6*
No. medica- 3512 28+15* 2.6+14" 26+1.6° 25+15* 22+15* 264147 26+15™ 2541777
tion
No. retreated - - 9/57 14/57 19/57 23/57 24/57 24/57 26/57
eyes (15.8%) (24.6%) (33.3%) (40.4%) (42.1%) (42.1%) (45.6%)
No. glaucoma - - - 3/57 8/57 11/57 12/57 14/57 15/57
surgery (5.2%) (14.0%) (19.3%) (21.1%) (24.6%) (26.3%)

Intraocular pressure (IOP) in mean mmHg + SD, number (No.) of medications in mean + SD

*Significant p < 0.001 compared with preoperative values, *significant p < 0.005 compared with preoperative values, Tsigniﬁ—

cant p < 0.01 compared with preoperative values, TTsigniﬁcant p<0.05 compared with preoperative values

5 years. No correlations were found between the
number and class of preoperative medications
and the postoperative IOP-lowering effect.

In the primary glaucoma group, treatment
success at 1, 2, 3, 4, and 5 years was achieved
in 70 of 108 patients (64.8%), 60 of 78 patients
(76.9%), 53 of 71 patients (74.6%), 42 of 64
patients (65.6%), and 30 of 45 patients (66.7%),
respectively. In the secondary glaucoma group,
treatment success at 1, 2, 3, 4, and S years was
achieved in 37 of 57 patients (64.9%), 28 of 36
patients (77.8%), 20 of 29 patients (69.0%), 18
of 23 patients (78.3%), and 16 of 20 patients
(80.0%), respectively. In the 5-year completers
cohort (Table 3), partial treatment success was
achieved in 75.4%, 80.0%, 76.9%, 73.8%, and
70.8% after 1, 2, 3, 4, and 5 years, respectively.
Complete treatment success in this cohort was
achieved in 73.8%, 80.0%, 73.8%, 73.8%, and
69.2% at 1, 2, 3, 4, and 5 years, respectively. In
this cohort, subgroup analysis of patients with
a preoperative IOP of 6-21 mmHg showed com-
plete success in 69.8%, 74.4%, 74.4%, 74.4%,

and 72.1% after 1, 2, 3, 4, and 5 years, respec-
tively. Subgroup analysis of patients with a pre-
operative IOP of>21 mmHg showed complete
success in 81.8%, 90.9%, 72.7%, 72.7%, and
63.6% at 1, 2, 3, 4, and S years, respectively.

Complications

A preoperative CDVA > 0.05 on the Snellen
chart was present in 109 of 165 patients, 43 of
165 eyes had a preoperative CDVA < 0.05 on
the Snellen chart (range light perception-finger
counting), and 13 of 1635 eyes had no light per-
ception preoperatively. Evaluation of postopera-
tive CDVA was done in eyes with a preoperative
CDVA > 0.05 on the Snellen chart. Postopera-
tive CDVA at 1 year of follow-up was available
in 86 of 108 patients with a preoperative CDVA
> 0.05 (1.3 LogMar) on the Snellen chart. In
this group, mean LogMar VA was 0.29 (range
—-0.08-1.00) preoperatively and 0.39 (range
0-1.30) after 1 year of follow-up. In this group,

A\ Adis



Ophthalmol Ther

Table 3 Treatment results in S-year completers cohort

Pre Year 1 Year 2 Year 3 Year 4 Year 5

No. Eyes 65 65 65 65 65 65

10P 203+7.2 14.0+4.6* 14.0+4.6* 13.8+5.1* 13.9+£5.6* 13.7+5.6*

No. medications 32413 25+14* 24+14* 25+13° 27+1.4* 2.6+1.4*

Mean IOP reduction - 31.0% 31.0% 32.0% 31.5% 32.5%

% Patients with oral acetazola- 40.0% 15.4% 12.3% 15.4% 18.4% 15.4%
mide

% Eyes with retreatments - 30.8% 32.3% 33.8% 35.4% 38.5%

% Eyes with IOP 6-21 mmHg 66.2% 93.8% 95.4% 93.8% 89.2% 90.8%

% Eyes with >20% IOP reduc- - 64.6% 66.2% 67.7% 69.2% 63.1%
tion

% Eyes with medication reduc- - 47.7% 55.4% 44.6% 43.1% 44.6%
tion

IOP reduction > 20% AND - 32.3% 32.3% 29.2% 26.2% 26.2%
medication reduction

IOP reduction >20% OR Total group 75.4% 80.0% 76.9% 73.8% 70.8%
medication reduction IOP6-21 mmHg (n=43) 69.8%  744%  767%  744%  72.1%

IOP>21 mmHg (»=22) 86.4% 90.9% 77.3% 72.7% 68.2%

Postoperative IOP Total group 73.8%  80.0%  738%  738%  69.2%

6-21 mmHg IOP 6-21 mmHg (n=43) 69.8%  744%  744%  744%  72.1%
S
IOP reduction>20%OR  10p5 21 mmHg (2=22) 81.8%  909%  727%  72.7% 63.6%

medication reduction

Intraocular pressure (IOP) in mean mmHg mean + SD, number (No.) of medications in mean + SD

*Significant p < 0.001, *significant p < 0.005, Tsignificant p < 0.01 compared with preoperative values

14 of 86 patients (16.3%) lost one lines of VA.
Loss of two or more lines of VA was seen in 30 of
86 eyes (34.9%), caused respectively by cataract
(10 eyes), retinal disease (5 eyes), progression of
glaucoma (3 eyes), corneal decompensation (2
eyes), other non-glaucoma surgery (3 eyes), and
unexplained vision loss (7 eyes). Among the ten
patients with cataract, three underwent cataract
surgery, resulting in an improvement in visual
acuity in all cases, achieving at least preoperative
levels. Postoperative CDVA at 1 year of follow-up
was available in 12 of 36 patients with a preop-
erative CDVA < 0.05 on the Snellen chart. In this
group, S of 12 patients (41.7%) lost one or more

line because of progression of glaucoma (2 eyes),
retinal disease (1 eye), and unexplained visual
lost (2 eyes). In this group, no changes were seen
in patients with preoperative light perception (7
patients).

In the early postoperative period (<3 months),
the following complications occurred in 8 of
165 patients (complication rate 4.8%): cystoid
macular edema (n=3), rejection of corneal graft
(n=2), and fibrinous anterior chamber reaction
(n=1), all reversible after treatment (prolonged
use of topical steroid treatment). Other adverse
events were retinal venous occlusion (n=1) and
retinal vasculitis (n=1), both not related to the
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laser treatment. In the late postoperative period,
one patient (0.5%) developed a hypotony with
an IOP of 3 mmHg. This patient had a history
of congenital cataract, aphakia, vitrectomy with
use of silicon oil (and oil removal) after retinal
detachment, and neovascular glaucoma and
developed a numerical hypotony 2 months after
second treatment. No visual complaints and no
signs of hypotony maculopathy were present in
this patient.

Retreatments

Sixty-seven of 165 eyes (40.6%) received 78
retreatments. After 1 year, retreatments were
performed in 51 of 165 eyes (30.9% retreatment
rate). Among all the retreatments performed
in this study, the 25th percentile was 80 days,
the median (50th percentile) was 140 days, and
the 75th percentile was 343 days. In the 5-year
completers cohort, retreatment was performed
in 20 of 65 (30.8%), 21 of 65 (32.3%), 22 of 65
(33.8%), 23 of 65 (35.4%), and 25 of 65 (38.5%)
eyes after 1, 2, 3, 4, and 5 years, respectively,
with a mean number of retreatments of 1.28 per
eye (32 retreatments in 25 eyes). There were no
significant differences in need for retreatment
in patients with primary compared with sec-
ondary glaucoma. No significant correlations
were found between preoperative IOP or preop-
erative number of medications and the need for
retreatment. Additionally, lens status, history
of glaucoma surgery, and the interval between
treatment and retreatment were not significant
predictors of the need for retreatment. Conver-
sion to other glaucoma surgery in the total group
was necessary in 29 of 165 eyes (17.6%). Conver-
sion to other glaucoma surgery was performed in
20 of 67 retreated patients (9 cyclocryotherapy/
continuous wave laser, 7 glaucoma drainage
devices, 1 trabeculectomy, 1 Preserflo MicroS-
hunt, and 2 phacoemulsification with iStent
implantation) with a mean time to conversion
in this group of 546 (range 105-1452) days after
primary laser treatment. Conversion to other
glaucoma surgery was done in nine eyes with
no retreatment (2 cyclocryotherapy/continuous
wave laser, 4 phacoemulsification with iStent
implantation, 4 glaucoma drainage devices, and

1 vitrectomy) with a mean time to conversion of
1075 (range 273-1841) days after primary laser
treatment. There was a significant correlation
between the preoperative IOP and the need for
additional glaucoma surgery (p=0.012). A higher
preoperative IOP was associated with a higher
likelihood of needing extra glaucoma surgery.
No significant correlations were found between
the preoperative number of medications and
the need for additional glaucoma surgery. There
were also no differences regarding lens status.

DISCUSSION

In this study, we investigated the outcomes on
intraocular pressure (IOP) and safety following
treatment with micropulse transscleral cyclo-
photocoagulation (MP-TSCPC) in patients with
glaucoma. Success, defined as either a>20%
IOP reduction or a stable postoperative 10P
with fewer medications, was achieved in 70.8%
of patients after 5 years of follow-up. Specifi-
cally, an IOP reduction of >20% was observed
in 63.1% of patients, while 44.6% were able
to reduce their number of glaucoma medica-
tions. Both targets (>20% IOP reduction and
fewer medications) were achieved in 26.2% of
patients. During the 5-year follow-up period,
both postoperative intraocular pressure (IOP)
and the number of medications remained sta-
ble. During the 5-year follow-up period, 53 of
165 patients (32.1%) were lost to follow-up.
Analysis of these patients showed a significantly
higher age (73.1 vs 63.9 years) but no other dif-
ferences in baseline characteristics (preoperative
IOP, glaucoma medications, or glaucoma sever-
ity). Furthermore, most of these patients were
referred back to ophthalmic centers within our
region. However, in case of need for any addi-
tional glaucoma treatments, these procedures
would again have been performed in our clinic.
We therefore assume that the original treatment
was probably still successful.

Since this is the first study with a S-year
follow-up period to our knowledge, our data
can only be compared with studies of shorter
follow-up durations. In the studies by Zaa-
rour et al., Khan et al., Basto et al., and Chen
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et al., treatment parameters were similar to our
protocol, making these studies highly compa-
rable [15, 18-20]. Zaarour et al. found success
rates (IOP between 6 and 21 mmHg or > 20%
IOP reduction) of 73.3% and 66% after 12 and
15 months, respectively, similar to our find-
ings. Khan et al. reported a 29.2% IOP reduc-
tion and a reduction in oral acetazolamide use
but no reduction in topical medications after 2
years. Basto et al. observed a 27.1% IOP reduc-
tion after 1 year and a 17.7% reduction after
2 years, with a success rate of 45.5% after 2
years (IOP 6-21 mmHg, >20% IOP reduction or
reduction in medication). Chen et al. reported
a 46.5% IOP reduction and a success rate of
75% at 2 years (IOP 6-21 mmHg or>20% IOP
reduction). Nguyen et al. found that 76.8% of
patients achieved a > 20% IOP reduction after
12 months, a higher rate compared to our study
[16]. In our study, mean IOP reduction after
5 years of follow-up was 30.8%, higher com-
pared to the studies of Khan and Basto. Studies
by Chen, Sarrafour, and Nguyen et al. [16, 19,
21] showed higher IOP reduction percentages
(30.3-46%) at 1 year. A potential explanation
may lie in the higher energy levels (2000-2500
mW) and prolonged application durations (90 s
per hemisphere) employed in the studies by
Sarrafpour and Nguyen. It is well established
that increased energy levels and extended laser
application time are associated with a greater
reduction in intraocular pressure (I0P) following
micropulse transscleral cyclophotocoagulation
(TSCPC). In our study, a standard energy setting
of 2000 mW was utilized, with a maximum of
2200 mW applied during a third treatment ses-
sion. Additionally, variations in patient charac-
teristics might also contribute to the observed
outcomes. Our study predominantly included
white patients. Although iris color and pigmen-
tation levels were not documented in our study,
it is plausible that the laser effects may be more
pronounced in heavily pigmented eyes, such as
those found in Afro-American, Arabic, or Asian
populations, compared to less pigmented eyes.
Additionally, a third potential factor contribut-
ing to the smaller reduction in intraocular pres-
sure (IOP) observed in our study could be the
dual objective in some patients of reducing both
IOP and medication usage through micropulse

transscleral cyclophotocoagulation (TSCPC).
The use of glaucoma medication decreased in
our study from 3.1 preoperatively to 2.6 after
5 years. This reduction is better compared with
the study of Khan (0.1 reduction), similar when
compared to the studies of Sarrafpour and Basto
(0.6 reduction) and Zaarour (0.5 reduction),
and is lower compared with the study of Yelen-
skiy and Chen (1.0 and 1.2 reduction) [14, 15,
18-21].

The second goal of our study was to evalu-
ate the safety of the MP-TSCPC procedure by
assessing the number and duration of postopera-
tive complications. Visual acuity (VA) decreased
by more than two lines on the Snellen chart in
34.9% of patients after 1 year. Most VA losses
were related to retinal disease, cataract, or glau-
coma progression. At 1 year, eight patients expe-
rienced unexplained vision loss, which may
have be due to variations in VA measurements or
decreased CDVA due to (natural) glaucoma pro-
gression. Varikuti et al. [22] and Sarrafour et al.
[21] found decreases in VA of 20.83% and 18.8%
of patients after 12 and 6 months of follow-up,
respectively.

In our study, early postoperative complica-
tions were observed in 8 out of 165 patients, all
of which were reversible following treatment.
One patient developed persistent hypotony in
the late postoperative period (5 months after the
second treatment), though without any associ-
ated symptoms or signs of hypotony maculopa-
thy. Mild prolonged postoperative inflamma-
tion or transient hypotony have been reported
in other studies [12, 13, 15, 16, 22, 23]. How-
ever, major complications such as persistent
hypotony or phthisis bulbi were not reported
in the studies by Zaarour, Nguyen, and Sarraf-
pour. Higher rates of postoperative inflamma-
tion, hypotony, and phthisis were reported in
the studies by Williams et al. and Emanuel et al.
[12, 23]. Post-treatment mydriasis is another
potential complication following TSCPC, which
can result in clinical symptoms such as glare or
other forms of visual discomfort. This phenom-
enon has been documented in several studies
[19, 24-26], although it was not consistently
reported in all investigations [8, 12, 14, 15, 23,
27]. In our study, no cases of pupillary mydriasis
were observed after micropulse TSCPC. However,
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this complication may have been overlooked,
possibly contributing to unexplained visual loss
in some cases. Another limitation of our study is
that visual acuity was only assessed in patients
who reported visual complaints, and no screen-
ing for (sub)clinical macular edema was con-
ducted in asymptomatic patients. In our study,
clinical macular edema with transient visual
impairment was found in 3 of 165 patients. In
other studies, visual loss has been described. Zaa-
rour [15], using the same treatment parameters,
found a transient visual decline in the early
1 month postoperative period, while VA in the
longer term was comparable to preoperative lev-
els and remained stable after 12 and 15 months.
Other studies [12, 23, 28] have suggested that
using higher energy levels or extended treat-
ment durations during micropulse TSCPC may
have a more significant impact on visual acuity
(VA). However, it is important to note that VA
loss in glaucoma populations is also influenced
by natural fluctuations in VA, which may limit
the observed effects.

We found no differences in the amount of
IOP lowering after TSCPC between patients
with primary and secondary glaucoma, although
there were significant IOP differences between
both pre- and postoperative IOP levels in these
groups. This suggests that TSCPC can be a via-
ble alternative to invasive incisional glaucoma
surgery, particularly in patients with secondary
glaucoma and those for whom incisional surgery
may be challenging, such as individuals with
scarred or compromised conjunctival tissue.

Our data revealed no significant differences in
the IOP-lowering effect or complication rate of
TSCPC regarding lens status. Notably, in aphakic
patients, these findings underscore that TSCPC
is a safe and effective alternative to incisional
surgery, especially for high-risk patients who
are at an increased risk of complications such
as hypotony or expulsive hemorrhagic bleeding.

In the literature, the retreatment rate with
micropulse TSCPC in the literature varies
between 0.5% and 68.5% [29]. In our study, the
retreatment rate was 38.5% over a 5-year follow-
up period. This rate is lower compared to Khan
et al. (53%) but higher compared to the studies
by Chen (5%) and Basto et al. (19.7%). Since
retreatment rates depend on specific treatment

goals within a study (e.g., IOP<21 mmHg, IOP
reduction of at least 20%, medication reduc-
tion), these rates can vary between studies. In
our previous study [17], we found that 54.8%
of the retreated patients had already achieved
treatment success (>20% IOP lowering or less
medication) after the first treatment and that
retreatment in these patients was performed to
gain additional IOP lowering or further reduc-
tion of medication. Extended analysis of the
retreated patients in this study will be published
in a separate article. Additionally, the predomi-
nance of white patients in our study may have
contributed to our retreatment rate.

Limitations

This study provides valuable data on the long-
term outcomes of Micropulse TSCPC. How-
ever, its findings are limited by significant loss
to follow-up over the 5S-year period and the
lack of diversity due to a predominantly white
population.

CONCLUSION

Our data show that after 5 years of follow-up,
micropulse TSCPC is a safe and effective treat-
ment for lowering IOP and decreasing the num-
ber of 10P-lowering medications. Micropulse
TSCPC can also be considered a good alternative
treatment option for patients after failed inci-
sional glaucoma surgery or patients who are at
high risk for incisional surgery.
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