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Purpose: To assess the efficacy and safety of MicroPulse Transscleral Cyclophotocoagulation (MP-TSCPC) in Chinese patients with
early to moderate glaucoma over a one-year follow-up.

Patients and Methods: This retrospective case series included 11 eyes of 11 consecutive Chinese patients with early to moderate
glaucoma who underwent MP-TSCPC between November 2023 and March 2024. All patients were aged 18—80 years, had a baseline
intraocular pressure (IOP) > 21 mmHg, and completed at least 12 months of follow-up. MP-TSCPC was performed using an Iridex
Cyclo G6 laser with standardized settings (2000 mW power, 31.3% duty cycle, 160 seconds total). Changes in IOP, the number of anti-
glaucoma medications, best-corrected visual acuity (BCVA), surgical success rates, and complications were recorded.

Results: At 12 months, mean IOP decreased significantly from 28.64+12.18 mmHg to 18.09+7.70 mmHg (P<0.05), and the mean
number of anti-glaucoma medications was reduced from 3.27+0.91 to 1.64+1.00 (P<0.01). BCVA remained stable throughout follow-
up. No severe complication occurred, transient mild anterior chamber inflammation resolved with treatment.

Conclusion: Despite the small cohort size, MP-TSCPC demonstrates preliminary efficacy and good safety profile in IOP control in
Chinese patients with early to moderate glaucoma, significantly lowering IOP and reducing medication burden without negatively
impacting visual acuity or causing serious complications.

Keywords: intraocular pressure reduction, anti-glaucoma medication burden, surgical safety profile, treatment efficacy, Chinese

patient cohort

Introduction
Glaucoma is a progressive optic neuropathy that leads to visual field loss and remains a leading cause of irreversible
blindness worldwide.' Reducing intraocular pressure (IOP) is the key strategy for preventing further optic nerve damage
and visual impairment.” Although topical medications and conventional incisional surgeries are standard treatments,
limitations remain, including poor patient adherence, medication-related ocular surface complications,® and postoperative
risks such as hypotony.*” These limitations highlight the need for innovative and safer therapeutic approaches.

Patients with refractory glaucoma, whose IOP remains uncontrolled despite optimal medical and surgical therapy,
may require cyclodestructive procedures such as cyclocryotherapy and continuous-wave transscleral cyclophotocoagula-
tion (CW-TSCPC). However, these interventions carry significant morbidity and are associated with complications—
including persistent hypotony, phthisis bulbi, endophthalmitis, loss of vision, and severe pain—which severely limit their
clinical utility.®™®

MicroPulse transscleral cyclophotocoagulation (MP-TSCPC) is a non-invasive laser procedure that applies repetitive
pulses of diode laser energy to the pigmented ciliary epithelium. In the “on” phase, melanin absorbs the thermal energy,
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which decreases aqueous humor production and may enhance uveoscleral outflow; the “off” phase allows for tissue
cooling and minimizes collateral damage.” Compared to conventional CW-TSCPC, MP-TSCPC results in less inflam-
mation and fewer postoperative complications.” Its non-incisional nature, repeatability, and technical ease make MP-
TSCPC a promising alternative for IOP control.

Although MP-TSCPC has demonstrated efficacy in refractory glaucoma, its use and long-term outcomes in early to moderate
stages—and particularly among Chinese patients—have been inadequately studied. Most available studies focuses on advanced
disease or have limited follow-up durations.'® To address this gap, we report a one-year case series of 11 Chinese patients with
early to moderate glaucoma treated with MP-TSCPC. We present clinical outcomes in terms of IOP reduction, medication
burden, visual acuity, and safety profile, contributing new evidence to guide management in this patient population.

Materials and Methods
Study Design and Patient Selection

This retrospective case series was conducted at Nanchang First Hospital in China and included 11 eyes from 11
consecutive patients with early to moderate glaucoma who underwent MP-TSCPC between November 2023 and
March 2024. Eligible patients were aged 18—80 years, had a baseline intraocular pressure (IOP) of >21 mmHg, and
demonstrated visual field loss consistent with early to moderate glaucoma according to the Hodapp-Parrish-Anderson
classification.'! Exclusion criteria were neovascular or advanced glaucoma, prior cyclodestructive procedures, significant
ocular comorbidities, or follow-up less than 12 months.

All procedures and data collection adhered to the principles of the Declaration of Helsinki principles, and ethical
approval was obtained from the Ethics Committee of Nanchang First Hospital. Written informed consent was obtained
from all participants prior to their inclusion in the study.

MP-TSCPC Procedure

All interventions were performed by a single experienced glaucoma specialist (Yingjie Li). MP-TSCPC was performed
using the Iridex Cyclo G6 diode laser (IRIDEX Corporation, USA) with standardized parameters: 2000 mW power,
31.3% duty cycle, and total application time of 160 seconds per eye. The laser was applied 360 degrees of the limbal
area, sparing the 3 and 9 o’clock and any existing filtering blebs to protect vital structures (eg, ciliary nerves) and prevent
scleral thinning. Topical anesthesia was administered prior to the procedure. After surgery, all patients received topical
corticosteroids and antibiotics for 1 to 2 weeks.

Clinical Assessment

Outcomes were assessed at baseline and at 1, 3, 6, and 12 months postoperatively. Both preoperative and postoperative
intraocular pressure (IOP) measurements were obtained using non-contact tonometry (NCT). The number of prescribed
anti-glaucoma medications was documented at each follow-up visit. Best-corrected visual acuity (BCVA) was measured
using Snellen charts and subsequently converted to LogMAR units for statistical analysis. For patients with subnormal
visual acuity, standardized LogMAR values were applied as follows: counting fingers = 2.6, hand motion = 2.9, light
perception (LP) = 3.2, and no light perception (NLP) = 3.5.'%'> Any postoperative complications were also recorded.

Outcome Measures

The primary outcome was the change in mean intraocular pressure (IOP) from baseline to 12 months postoperatively.
Secondary outcomes included the reduction in the number of anti-glaucoma medications, changes in BCVA, surgical
success rate, and incidence of adverse events.

Surgical Success was defined as achieving a postoperative IOP < 21 mmHg, regardless of medication use. Complete
success was defined as an IOP of < 21 mmHg without anti-glaucoma medications, while qualified success was defined as
an IOP of <21 mmHg with or without medication. The surgical success rate was calculated as the percentage of eyes
meeting these criteria.
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Complication assessed included anterior chamber inflammation, hypotony (IOP < 6 mmHg), corneal pathology,
choroidal detachment, and phthisis bulbi.

Statistical Analysis

All statistical analyses were performed using SPSS version 25.0 (IBM Corporation, Armonk, NY, USA). Data are
expressed as mean + standard deviation. Differences between baseline and follow-up measures were assessed using
paired Student’s #-test. A P-value < 0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics of the Patients

As summarized in Table 1, a total of 11 patients (unilateral cases) were enrolled in this study, including 6 males and 5
females, with a mean age of (51.18+15.63) years and an average disease duration of (3.92+2.97) years. Prior to the
current procedure, patients had undergone an average of 0.91+£0.54 glaucoma surgeries. Based on medical history and
gonioscopic examination, 5 eyes (45.45%) were diagnosed with primary open-angle glaucoma (POAG), 4 eyes (36.36%)
with primary angle-closure glaucoma (PACG), and 2 eyes (18.18%) with secondary open-angle glaucoma (1 case due to
corticosteroid use, and 1 case due to angle recession). Glaucoma was staged as early in 2 eyes (18.18%) and moderate in
9 eyes (81.82%). Details are listed in Table 1.

Changes in IOP
Preoperative IOP ranged from 21 to 57 mmHg, with a mean of 28.64+12.18 mmHg. At 12 months postoperatively, IOP

significantly decreased to 18.09+7.70 mmHg (P<0.05, Table 2).

Changes in Anti-Glaucoma Medications
The number of anti-glaucoma medications decreased from 3.27+0.91 at baseline to 1.64+1.00 at 12 months (P<0.01, Table 3).

Table | Baseline Demographics and Characteristics of the Study Participants

Patient Sex Age Types of Glaucoma Duration of Stage of No. Prior Prior Surgery for
(Years) Disease (Years) Glaucoma Surgeries Glaucoma

| Male 53 POAG 4 Moderate 2 PEI, UCP

2 Female 6l PACG 10 Early I SPI

3 Female 60 PACG 0.08 Early | PEI

4 Male 34 POAG 7 Moderate | GT

5 Male 55 POAG 5 Moderate | PEI

6 Male 70 POAG 4 Moderate | UCP

7 Male 27 Angle Recession Glaucoma 6 Moderate | Trab

8 Female 70 PACG | Moderate | UCP

9 Female 27 PACG 2 Moderate | SPI

10 Female 47 Steroid-induced Glaucoma 3 Moderate 0

I Male 59 POAG [ Moderate 0

Abbreviations: POAG, primary open-angle glaucoma; PEl, phacoemulsification cataract extraction combined with intraocular lens implantation; ECP, endoscopic
cyclophotocoagulation; PACG, primary angle-closure glaucoma; SPI, surgical peripheral iridectomy; GT, goniotomy; UCP, ultrasound cycloplasty; Trab, trabeculectomy;
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Table 2 Changes in IOP of the Study Participants

Time No. Eyes | Mean(mmHg) | SD(mmHg) | Median(mmHg) | Range(mmHg) | 95% Cls(mmHg) P
Pre-op I 28.64 12.18 24.00 36.00 20.45 to 36.82
POMI I 15.27 3.04 15.00 11.00 1323 to 17.31 <0.01
POM3 I 17.09 4.74 16.00 17.00 13.90 to 20.28 <0.01
POMé I 17.18 6.54 16.00 25.00 12.79 to 21.58 <0.01
POMI2 I 18.09 7.70 16.00 28.00 12.92 to 23.26 0.0l
Abbreviations: IOP, intraocular pressure; SD, standard deviation;
Table 3 Changes in Number of Medications of the Study Participants

Time No. Eyes | Mean | SD | Median | Range 95% Cls P

Pre-op I 327 | 091 4.00 2.00 2.67 to 3.88

POMI I 1.18 1.33 1.00 4.00 0.29 to 2.07 | <0.0l

POM3 I 1.09 1.04 1.00 3.00 0.39 to 1.79 | <0.01

POMé I 1.55 1.04 2.00 3.00 0.85 to 2.24 | <0.0l

POMI2 11 1.64 1.00 2.00 3.00 0.96 to 2.31 | <0.01

Abbreviations: SD, standard deviation; Cls, confidence intervals.

Changes in Best-Corrected Visual Acuity (BCVA)

There was no significant change in BCVA compared to baseline over the follow-up period (P > 0.05, Table 4). A change
of more than two lines on the Snellen chart was defined as improvement or deterioration. At 1 month, BCVA improved in
2 patients (18.18%), with no significant change in the others. At 3 months, 3 patients (27.27%) showed improvement,
while the remainder exhibited no change. At 6 months, improvement was observed in 2 patients (18.18%). At 1 year,
BCVA improved in 3 patients (27.27%), declined in 2 patients (18.18%), and remained stable in the rest.

Success Rate

At 12 months, the complete success rate and qualified success rate were 9.09% (1/11 eyes) and 90.91% (10/11 eyes),

respectively.

Table 4 Changes in BCVA of the Study Participants

Time No. Eyes | Mean | SD | Median | Range 95% Cls P
Pre-op I 0.66 | 0.52 0.60 1.50 0.30 to 1.0l

POMI I 044 | 029 0.40 0.90 0.24 t0 0.63 | 0.14
POM3 I 038 | 0.28 0.30 0.90 0.19 to 0.57 | 0.10
POMé I 0.44 | 0.30 0.40 0.90 0.23 to 0.64 | 0.21
POMI2 I 0.45 | 0.28 0.40 0.90 0.27 to 0.64 | 0.27

Abbreviations: BCVA, Best-Corrected Visual Acuity; SD, standard deviation; Cls, confidence

intervals.
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Complications

Post-operatively, one patient developed a conjunctival hemorrhage, which resolved spontaneously within one week. Mild
anterior chamber inflammation (1+ flare) occurred in three cases and subsided within three days following topical steroid
therapy.'* No severe complications (eg, choroidal detachment or phthisis bulbi) were observed.

Discussion

This retrospective case series reports one-year follow-up data of 11 consecutive patients with early to moderate glaucoma
who underwent MicroPulse Transscleral Cyclophotocoagulation (MP-TSCPC). The results indicate that MP-TSCPC,
a non-invasive glaucoma therapy, effectively reduced intraocular pressure (IOP) in this cohort, with IOP control
remained over the one-year period. This outcome is consistent with the overarching goals of non-invasive glaucoma
procedures: non-invasive, safety, and efficacy. Compared with traditional incisional glaucoma surgeries, which are
associated with greater invasiveness and higher risk of complications, MP-TSCPC’s offers several advantages, including
a non-penetrating approach, repeatability, and preservation of ocular surface. These attributes contribute to improved
patient outcomes. This case series, while limited in sample size, provides valuable insights into the mid-term efficacy and
safety of MP-TSCPC in Chinese patients with early to moderate glaucoma—a patient group which remains understudied
in existing literature.

The significant IOP-lowering observed in this study aligns with findings from previous reports.'> '” However, most
studies conducted in Chinese populations have primarily focused on refractory or advanced glaucoma, and follow-up has
generally been < 6 months.'*'*2° Studies from Hong Kong have not clearly distinguished glaucoma stage and typically
provided outcomes at only one month post-treatment.* Similarly, reports from Taiwan mainly included refractory cases,
with one study restricting its cohort to primary open-angle glaucoma (POAG) and about 10% of cases being end-
stage.”>%* In contrast, our cohort was composed exclusively of patients with early to moderate glaucoma and followed
for 12 months, supplying preliminary evidence for sustained IOP control by MP-TSCPC in this underrepresented group.

Internationally, research on MP-TSCPC in early to moderate glaucoma is still limited. Murtaza et al treated 153 eyes,
including 46 with early and 35 with moderate POAG, showing mean preoperative IOPs of 19.37 + 4.91 mmHg and 18.31
+ 3.70 mmHg, respectively, which decreased to 15.74 + 4.33 mmHg and 16.00 + 6.01 mmHg after surgery.'” Despite
adequate IOP reduction, there was no significant decrease in medication use, and reported surgical success rates (58.7%
for early and 45.7% for moderate glaucoma) were lower than those observed in our series—possibly reflecting
differences in success criteria. Bernardi et al described 47 eyes (mostly POAG, pseudoexfoliation, and angle-closure
glaucoma), reporting a mean IOP reduction from 22.0 +£ 7.2 mmHg to 15.7 + 4.8 mmHg and an 87.5% success rate,
comparable to the 90.91% observed in our study, likely owing to similar definitions of surgical success.> Taken together,
existing international literature supports the efficacy of MP-TSCPC in lowering IOP among patients with early to
moderate glaucoma.

A notable finding of this series is the significant reduction in anti-glaucoma medication use following MP-TSCPC.
The mean number of medications decreased from 3.27+£0.91 at baseline to 1.64£1.00 at 12 months (P < 0.01),
demonstrating that MP-TSCPC can not only lower IOP but also reduce medication dependency. Prolonged use of topical
anti-glaucoma therapy is associated with ocular surface disorders, such as dry eye, allergic conjunctivitis, and corneal

epithelial abnormalities.?®2®

which negatively impact patient comfort, quality of life, and tolerance for ongoing therapy.
Reducing medication reliance may alleviate these adverse effects, thereby improving overall patient quality of life.
Additionally, lifelonged use of multiple medications can generate substantial financial burden, particularly for patients in
low-resource settings. By decreasing medication requirements, MP-TSCPC may offer economic benefits and improved
treatment accessibility, which is especially relevant in developing countries.

The safety profile of MP-TSCPC was favorable. Only one case of conjunctival hemorrhage (resolved spontaneously)
and three cases of mild anterior chamber inflammation (resolved within 3 days of topical steroid treatment) were
recorded with no severe complications such as choroidal detachment or phthisis bulbi. These observations are consistent
with prior reports, which have described lower rates of complications with MP-TSCPC compared to conventional

TSCPC, such as conjunctival burns, hyphema, choroidal detachment, and cataract.”®*? Micropulse technology, by
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delivering energy in short, controlled pulses, minimizes collateral thermal injury, thus reducing inflammation and other
complications.” This advantage is particularly important for preservation of visual function in early to moderate
glaucoma.

With respect to visual outcomes, two patients experienced a decrease in visual acuity at one year, though no evidence
of glaucoma progression was found based on IOP, cup-to-disc ratio, or visual fields; cataract progression was considered
the likely cause. Conversely, three patients had improved visual acuity postoperatively. Notably, two of these had high
baseline IOPs (>45 mmHg), suggesting that restoration of retinal perfusion and relief of axoplasmic stasis contributed to
visual improvement after IOP reduction. Another patient who benefited had a reduction in the number of topical
medications postoperatively, likely resulting in stabilization of the tear film and improvement of vision, as multiple
medications are known to negatively affect the ocular surface.*> Overall, these findings suggest that MP-TSCPC may
stabilize, and in select cases improve, visual function by mechanisms both related and unrelated to IOP reduction.

As a retrospective case series, this study has inherent limitations. The small sample size limits statistical power and
generalizability, and increases susceptibility to selection bias. Lack of a control group precludes direct comparison with
other treatments. An uneven distribution of glaucoma subtypes within this small cohort may further affect general-
izability. Although the 12-month follow-up provides mid-term data, long-term efficacy and safety remain to be
determined and warrant further prospective research. While Goldmann applanation tonometry was used at initial
diagnosis to ensure accuracy, all follow-up IOP measurements in this study were assessed with non-contact tonometry
(NCT), chosen for its convenience, patient comfort, and acceptable accuracy in this early to moderate glaucoma
cohort. 3

Given these limitations, the results should be regarded as exploratory and preliminary. The aim of this study is not to
provide definitive conclusions, but rather to offer initial clinical observations and reference data to inform future research.
Despite these constraints, our findings suggest that MP-TSCPC is a promising option for early to moderate glaucoma in

Chinese patients, supporting further large-scale, prospective, longer investigations.

Conclusion

This exploratory study provides promising evidence for the mid-term effectiveness and safety of MP-TSCPC in Chinese
patients with early to moderate glaucoma, based on one-year follow-up data. Nevertheless, these results should be
considered preliminary because of the study’s small sample size and retrospective nature. To confirm and expand upon
these findings, future prospective studies with larger, more diverse cohorts—preferably employing randomized controlled
designs—are warranted. Such research will offer more robust data regarding the long-term efficacy and safety of MP-
TSCPC.

Data Sharing Statement

The data supporting the findings of this study are available from the corresponding author upon reasonable request.
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