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SUMMARY

Purpose: To evaluate the efficacy and safety of micropulse transscleral cyclophotocoagulation (MP-CPC) in glaucoma patients and to assess differences
among glaucoma subtypes.

Materialand Methods: A retrospective study was conducted on 40 eyes of 35 patients with various types of glaucoma. Micropulse cyclophotocoagulation
was indicated for glaucoma which was uncontrolled on maximum medical therapy. The procedures were performed using micropulse mode (2000 mW,
0.5 ms on, 1 ms off, mean energy 129.4 J). Follow-up examinations were conducted at 1 and 3 months and at 6-12 and 12-24 months. Success of
treatment was defined as a reduction of intraocular pressure (IOP) by >20%. A subgroup without modification of therapy was analyzed separately.
Results: Success rates were 33.3% at 1T month, 25.0% at 3 months, 35.3% at 6-12 months, and 30.0% at 12-24 months. Higher efficacy was observed in
patients without modification of therapy (up to 41.7%). The most stable and sustained outcomes were seen in primary open-angle glaucoma, whereas
secondary glaucomas and primary angle-closure glaucoma efficacy was short-term. Additional glaucoma surgery was required in 30% of eyes. No
statistically significant change in best-corrected visual acuity compared to baseline was observed at any follow-up interval, although a trend toward
worsening was observed in the early time intervals.

Conclusion: MP-CPC demonstrates limited and variable efficacy. The outcomes depend on glaucoma type, baseline IOP, and modifications of treatment.
The procedure appears relatively safe, although it may have a temporary impact on visual acuity.
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INTRODUCTION the surrounding tissues [3]. A higher safety profile is expec-
ted, while retaining the therapeutic effect [4,5]. However,

Glaucoma represents a group of chronic diseases cha- the results of the published studies are variable, and are

racterized by progressive optic neuropathy and ranks
among the main causes of irreversible blindness [1]. The
basic aim of treatment is to slow the progression of the
disease, mainly by reducing intraocular pressure (IOP).
Besides pharmacological and surgical treatment, an im-
portant position is also occupied by laser methods, in-
cluding CPC (cyclophotocoagulation), which is used in
classic and micropulse versions. Classic (continuous)
CPC, which targets energy into the tissue in points, but in
a continuous mode, is traditionally used for refractory for-
ms of glaucoma. However, it is associated with a higher risk
of complications [2]. A more recent variant of this method
is micropulse transscleral CPC, which uses intermittent im-
pulses of laser energy with the aim of reducing damage to
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probably dependent upon the parameters of the procedu-
re and the characteristics of the cohort.

The aim of this study is to evaluate the efficacy and
safety of micropulse transscleral CPC within the conditi-
ons of a single ophthalmological center, and to analyze
the factors influencing its efficacy.

MATERIAL AND METHODS

Cohort of patients

The observed cohort incorporated a total of 40 eyes of
35 patients, with various subtypes of glaucoma. The co-
hort comprised 23 women and 12 men with a mean age
of 77.3 years, median age 79 years. The procedure was per-



formed on 21 right and 19 left eyes. The indication for per-
forming micropulse CPC was decompensated glaucoma
despite maximally tolerated topical antiglaucoma therapy.
Decompensation was defined as IOP exceeding the indi-
vidually determined target IOP as stipulated according to
the recommendations of the European Glaucoma Society
[6], or progression of the pathology documented by chan-
ges on the optic nerve or in the visual field.

The cohort comprised patients with IOP of < 30 mmHg
at maximum local therapy. Patients with advanced to
pre-terminal stage of glaucoma were preferentially in-
dicated for the procedure, and constituted a significa-
nt part of the cohort. The cohort encompassed a broad
spectrum of subtypes of glaucoma, most frequently pri-
mary open-angle glaucoma (POAG), followed by primary
angle-closure glaucoma (PACG), normal-tension glauco-
ma (NTG) and secondary types of glaucoma of various
etiology, an overview of which is presented in Table 1.

As regards previous procedures, the cohort included
both naive eyes and eyes that had undergone a variety of
ophthalmological procedures, including cataract surge-
ry, selective laser trabeculoplasty or filtration procedures.
An overview of these procedures is presented in Table 2.

Method and performance of procedure

The procedures were performed at the Clinic of Eye
Treatments at the University Hospital Brno with the aid
of the diode laser A.R.C. FOX 810 (A.R.C. Laser, Germany)
in micropulse mode. The basic setting was based on the
recommendations of the manufacturer and on published
studies [7,8]: laser output 2000 mW, “on” phase 0.5 ms, “off”
phase 1 ms, duty cycle 33.3%. The procedures were perfor-
med under sub-tenon anesthesia. The mean total applied
energy in the cohort was 129.4 J (range 110-140J).

The primary observed parameter was the change in
IOP over time. Follow-up examinations were condu-
cted at the following intervals: 1 month, 3 months, 6-12
months, 12-24 months; if the patients were examined
repeatedly within the stated intervals, the IOP value
from the first visit was used for the analysis. Success of
the treatment was considered to be a decrease of IOP
by = 20% as against the baseline value. Secondary out-
comes included best corrected visual acuity (BCVA),
incidence of complications, necessity and timing of
further glaucoma procedures. Changes in BCVA were
evaluated using the limit £0.1 according to Snellen.
A Wilcoxon signed-rank test was used for the statistical
evaluation of the data, in which the level of statistical
significance was set at a = 0.05.

Analysis of impact of changing therapy

With reference to the frequent modification of anti-
glaucoma therapy in clinical practice, a separate analysis
was conducted on a subgroup of patients who did not
change their medication during the observation period.
The aim was to assess the effect of the procedure itself
more precisely, without the confounding effect of chan-
ges in pharmacotherapy.

Table 1. Overview of glaucoma types in the dataset

Type of glaucoma Number of eyes

Primary open-angle glaucoma 20
Primary angle-closure glaucoma 5
Normal-tension glaucoma 3
Uveal glaucoma 2
Pseudoexfoliative glaucoma 5
Pigmentary glaucoma 1
Neovascular glaucoma 1
Post-traumatic glaucoma 1
Mixed etiology 2

Table 2. Spectrum of procedures performed on eyes in the dataset

Performed procedure
eyes

Naive eyes 11
Cataract surgery 12
Selective laser trabeculoplasty 3
Cataract surgery and selective laser trabeculoplasty 4
Cataract surgery and filtration surgery 5

Cataract surgery and selective laser

trabeculoplasty and filtration surgery 2
Cataract surgery and cyclophotocoagulation 1
Cataract surgery and pars plana vitrectomy 1

Cataract surgery and filtration procedure and
cyclocryocoagulation

RESULTS

Success of treatment

Success of the treatment, defined as a reduction in IOP
of = 20 % from the baseline value, was achieved in 33.3%
of eyes after 1 month, in 25.0% of eyes after 3 months, in
35.3% of eyes within the interval of 6-12 months, and in
30.0% of eyes within the interval of 12-24 months. The
results show a rather weak effect of the procedure, with
fluctuations of effectiveness over time; they are summa-
rized in Table 3.

In the subgroup of patients without modification of
antiglaucoma medication, higher efficacy of the proce-
dure was recorded: after 1 month 37.0%, after 3 months
29.4%, within the interval of 6-12 months 41.7%, and
within the interval of 12-24 months 33.3%; the detailed
results are presented in Table 4.

Influence of subtype of glaucoma

The most stable effect was recorded in the case of POAG.
By contrast, in the case of secondary forms of glaucoma
and PACG the effect was frequently only short-term. The
development of IOP throughout the entire cohort in the
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Table 3. Treatment success in individual observation periods

Time Number of | Number of Success
successes eyes percentage

1 month 33.3%
3 months 6 24 25.0%
6 to 12 months 6 17 35.3%
12 to 24 months 3 10 30.0%

Table 4. Treatment success in individual observation periods in
subgroup without change of therapy

Time Number of | Number of Success
successes eyes percentage

1 month 37.0%
3 months 5 17 29.4%
6 to 12 months 5 12 41.7%
12 to 24 months 3 9 33.3%

first months is illustrated in Graph 1. The development
of IOP throughout the course of the entire observation
period for patients with POAG, divided according to mo-
dification of treatment, is illustrated in Graph 2, in which
a more rapid increase in IOP values is evident in patients
who underwent a modification of treatment (usually in-
volving a reduction in treatment).

Other glaucoma procedures

During the course of the observation period, it was
necessary to perform another glaucoma procedure in
12 out of 40 eyes (30%); the types and frequency of the
procedures are summarized in Table 5. These eyes were
subsequently excluded from the further follow-up. The
relative frequency of reoperations differed depending

on the subtype of glaucoma (Table 6). Differences were
observed in the time to treatment failure; in secondary
forms of glaucoma the need for a further procedure arose
earlier, in POAG later (Table 7). In the case of PACG, cata-
ract surgery was also considered to constitute a glauco-
ma procedure.

Development of visual acuity

In the early postoperative period a trend towards dete-
rioration of visual acuity was observed, although this did
not reach the level of statistical significance throughout
the entire observation period. From a clinical perspective,
a high proportion of eyes showed stable BCVA without
deterioration at all the observed intervals. The above in-
formation is summarized in table 8, with all values expre-
ssed relative to preoperative visual acuity.

Complications

Various complications were recorded after the procedu-
re, most often transitory deterioration of BCVA, disorders
of pupil function (Figure 1), uveal irritation, and onset of
cystoid macular edema. One patient suffered a dramatic
deterioration of visual acuity immediately after the proce-
dure, with no subsequent improvement during follow-up.

DISCUSSION

The aim of this study was to evaluate the efficacy of
micropulse transscleral CPC in patients with different
subtypes of glaucoma at a single ophthalmological
center. The results indicate that with the chosen laser
setting, this method has a rather limited effect on redu-
cing intraocular pressure (IOP), in which its efficacy dif-
fers depending on the subtype of glaucoma and other
baseline parameters.

=== Primary open angle
glaucoma

=== Primary angle closure
glaucoma

Secondary glaucomas

o

©

Z 30

8

g 25

= =

= 20 '—\'w/

= >

o \

2 5

SE

(=7

]

= 5

=

[P

g 0 . .
= Baseline 1 month 3 months
— Time

Graph 1. Development of intraocular pressure in individual types of glaucoma during
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Graph 2. Development of intraocular pressure over the entire follow-up period in patients with primary open-angle glaucoma in the
group without and with change of therapy

Table 5. Spectrum of subsequent antiglaucoma procedures according to type of glaucoma

Tl e e Primary angle-closure Primary open-angle Secondary Total
glaucoma glaucoma glaucoma

Cyclophotocoagulation 5
Cataract surgery 3 0 0 3
PreserFlo 0 1 2 3
Ex-Press 50 0 1 0 1
Total 3 5 4 12

Table 6. Relative frequency of reoperations by type of glaucoma

Primary angle-closure glaucoma 3 5 60.0%
Secondary glaucoma 4 12 33.3%
Primary open-angle glaucoma 5 23 21.7%

Table 7. Timing of reoperations according to type of glaucoma

Primary angle-closure glaucoma 3 to 3 months
Secondary glaucoma 4 2.5 2.5 2 to 3 months
Primary open-angle glaucoma 5 11 10 1 to 24 months

Table 8. Development of postoperative visual acuity in individual postoperative periods

m Deterioration n (%) No deterioration n (%) m p-value (Wilcoxon)

1 month 17 (45.9%) 20 (54.1%) p=0.072
3 months 12 (44.4%) 15 (55.6%) 27 p =0.088
6 to 12 months 4 (23.5%) 13 (76.5%) 17 p=0314
12 to 24 months 4 (36.4%) 7 (63.6%) 11 p=0.172
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Figure 1. Postoperative pupil plegia and mydriasis

Success of treatment, defined as a decrease of IOP by
> 20 % as against the baseline value, was achieved in
approximately one third of eyes at the individual observed
intervals. The success rate is lower than in the majority of
the published studies, which present a success rate often
ranging from 50% to 75% [2,4,7-12]. However, it is difficult
to compare these results directly due to the differences in
the methodology of the individual studies, in particular
in the definition of success, the baseline values of IOP, the
composition of the cohort and the laser setting.

One of the main factors that probably had an influen-
ce on the lower efficacy of treatment in our cohort is the
relatively low baseline value of IOP. Whereas a large num-
ber of the published studies incorporate patients with
amean |OP of above 30 mm Hg [4,8,9,12,13], the patients
in our cohort had IOP of less than 30 mmHg. It is probable
that the effect of micropulse transscleral CPCis limited in
the case of lower IOP values, which also corresponds with
the conclusions of a number of authors [14,12].

With regard to the individual subtypes of glaucoma,
the most stable effect was recorded in the case of POAG,
whereas in the case of secondary forms of glaucoma
and PACG the effect tended to be only short-term. This
finding is in accordance with the literature, which sta-
tes only small differences in efficacy between individual
subtypes of glaucoma [17], but highlights the low stabi-
lity of the effect and greater need for early reoperations,
especially in the case of secondary forms of glaucoma
[17]. The need for a further glaucoma procedure was
recorded in 30% of eyes. The pronounced differences
between the individual subtypes of glaucoma, especi-
ally the high frequency of reoperations for PACG and
secondary forms of glaucoma, suggest that micropulse
transscleral CPC may not represent an optimal method
of first choice for these patients. By contrast, for patients
with POAG the course of the disease after the procedure
appears to be more stable, with a longer interval until
any applicable reoperation.

From the perspective of safety, a trend towards dete-
rioration of BCVA was observed in the early postopera-
tive period, though this did not reach the level of sta-
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tistical significance; deterioration did not occur in the
subsequent observation period. This finding is in accor-
dance with the literature, which describes long-term sta-
bility of visual functions after the procedure [16,18].

Although micropulse transscleral CPC is considered
a safer alternative to classic CPC, in our cohort compli-
cations were nevertheless registered, including disorde-
rs of pupil function, uveal irritation and cystoid macular
edema, which corresponds with the conclusions of other
authors [19,20]. These results confirm that even less in-
vasive laser methods are not entirely without risk, and
that it is therefore necessary to consider indication for
the procedure very carefully, especially for patients with
good visual potential.

Another factor that may influence the efficacy and
safety of the procedure is the laser setting and the total
applied energy. In our cohort, higher energy than the re-
commended values was used on a number of the pati-
ents, which reflects the endeavor to increase the efficacy
of treatment. However, with regard to the limited number
of patients, for the time being it is not possible to unequi-
vocally assess the relationship between higher energy
and the therapeutic effect or incidence of complications
on the basis of our cohort. This remains an open question
and represents a potential avenue for further research.

We consider the main limitation of our study to be the
relatively small cohort of patients, the heterogeneity of
the cohort and modifications of glaucoma therapy in
a number of the patients during the observation, though
this nevertheless reflects the reality of clinical practice.
A strength of the study is the analysis of reoperations,
including the time frame and the separate evaluation of
the subgroup without modification of therapy.

The results indicate that micropulse transscleral CPC
may serve as a supplementary method in the treatment
of glaucoma; nevertheless, its effect is limited and depen-
dent upon the subtype of glaucoma and baseline para-
meters. Optimizing the results will probably require indi-
vidualization of the procedure configuration and careful
consideration of the indication in individual patients.

CONCLUSION

In our cohort, micropulse transscleral CPC was demon-
strated to be a method with limited efficacy in reducing
IOP, in which its effect tended to be short-term. The best
results were achieved in the case of POAG, whereas in the
case of PACG and secondary forms of glaucoma the tre-
atment frequently resulted in failure, with the need for
afurther procedure. With regard to safety, a trend towards
deterioration of visual acuity was observed in the early
postoperative period, although within the framework of
the entire observation period this did not reach the le-
vel of statistical significance. The results suggest that the
effect of micropulse transscleral CPC is influenced in par-
ticular by the subtype of glaucoma, the baseline value of
IOP, and the parameters of the procedure. Optimization
of the results requires an individualized approach.



REFERENCES

1.

Allison K, Patel D, Alabi O. Epidemiology of glaucoma: the
past, present, and predictions for the future. Cureus. 2020 Nov
24;12(11):211686.

Sarrafpour S, Saleh D, Ayoub S, Radcliffe NM. Micropulse transsc-
leral cyclophotocoagulation: a look at long-term effectiveness and
outcomes. Ophthal Glaucoma. 2019;2(3):167-171.

Ling Q, Cai Z, Zhang X, et al. The efficacy and safety of micropulse
transscleral laser treatment in glaucoma: a systematic review and
meta-analysis. BMC Ophthalmol. 2023 Jun 12;23(1):263.

Tan AM, Chockalingam M, Aquino MC, et al. Micropulse transscleral
diode laser cyclophotocoagulation in the treatment of refractory
glaucoma. Clin Exp Ophthal. 2010 Apr;38(3):266-272.

Ma A, Yu SWY, Wong JKW. Micropulse laser for the treatment of
glaucoma: a literature review. Surv Ophthal. 2019;64(4):486-497.
European Glaucoma Society. European glaucoma society termino-
logy and guidelines for glaucoma, 5th edition. Br J Ophthal. 2021
Jun;105(Suppl 1):1-169.

Sanchez FG, Peirano-Bonomi JC, Grippo TM. Micropulse transsc-
leral cyclophotocoagulation: a hypothesis for the ideal parame-
ters. Med Hypothesis Discov Innov Ophthal. 2018;7(3):94-100.
Kotula MA, Paust K, Wirdemann A, et al. Glaucoma treatment by
transscleral cyclophotocoagulation using micropulse technology
in a low-income setting. Ophthalmologie. 2022 Dec;119(12):1275-
1279.

Williams AL, Moster MR, Rahmatnejad K, et al. Clinical efficacy and
safety profile of micropulse transscleral cyclophotocoagulation in
refractory glaucoma. J Glaucoma. 2018 May;27(5):445-449.

De Vries VA, Pals J, Poelman HJ, et al. Efficacy and safety of micro-
pulse transscleral cyclophotocoagulation. J Clin Med. 2022 Jun
15;11(12):3447.

Aquino MCD, Barton K, Tan AM, et al. Micropulse versus continuo-
us wave transscleral diode cyclophotocoagulation in refractory
glaucoma: a randomized exploratory study. Clin Exp Ophthal.
2015 Jan;43(1):40-46.

Preda MA, Karancsi OL, Munteanu M, Stanca HT. Clinical out-

20.

21.

comes of micropulse transscleral cyclophotocoagulation in
refractory glaucoma: 18 months follow-up. Lasers Med Sci. 2020
Sep;35(7):1487-1491.

Nutterova E. Our experience with micropulse cyclophotocoa-
gulation in the treatment of glaucoma. Cesk Slov Oftalmol.
2020;76(4):29-36.

Emanuel ME, Grover DS, Fellman RL, et al. Micropulse cyclopho-
tocoagulation: initial results in refractory glaucoma. J Glaucoma.
2017 Aug;26(8):726-729.

Lim EJY, Aquino CM, Lun KWX, et al. Efficacy and safety of repeated
micropulse transscleral diode cyclophotocoagulation in advanced
glaucoma. J Glaucoma. 2021 Jul 1;30(7):566-574.

Kaba Q, Somani S, Tam E, Yuen D. The effectiveness and safety of
micropulse cyclophotocoagulation in the treatment of ocular hy-
pertension and glaucoma. Ophthal Glaucoma. 2020 May;3(3):181-
189.

Lima NV, Lopes NL, Maestrini H, et al. Micropulse transscleral cyc-
lophotocoagulation for the management of diverse glaucoma
types: a multicenter short-term real-world study. Ophthal Ther.
2026;20:1-12.

Tekeli O, Kdse HC. Outcomes of micropulse transscleral cyclopho-
tocoagulation in primary open-angle glaucoma, pseudoexfoli-
ation glaucoma, and secondary glaucoma. Eur J Ophthal. 2021
May;31(3):1113-1121.

Varikuti VNV, Shah P, Rai O, et al. Outcomes of micropulse transsc-
leral cyclophotocoagulation in eyes with good central vision. J
Glaucoma. 2019 Oct;28(10):901-905.

Handa S, Kawaji T, Otsuka S. Short-term outcomes of micropul-
se transscleral cyclophotocoagulation using the VITRA 810 and
postoperative ciliochoroidal effusion in Japanese patients. J Clin
Med. 2025 Oct 22;14(21):7453.

Wijayasiriwardana W, Mukherji S, Logendran M, Mather D. Out-
comes of micropulse transscleral cyclophotocoagulation in
refractory glaucoma eyes. J Coll Ophthalmol Sri Lanka. 2022 Jun
30;28(1):17-28.

CZECH AND SLOVAK OPHTHALMOLOGY AOP 2026



