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Purpose: To quantify peripheral anterior synechiae (PAS) extent after Trabectome surgery using automated gonioscopy (GS-1) and its
effects on intraocular pressure (IOP) reduction.

Patients and Methods: This retrospective, single-center study included patients who underwent Trabectome surgery and were
followed for > 6 months. GS-1 was performed at 6 and 12 months postoperatively to quantify PAS as the proportion of the angle
circumference. Analysis of covariance (ANCOVA; linear regression) was performed at 6 and 12 months postoperatively, with IOP
reduction rate, PAS extent, and preoperative IOP as the dependent variable, independent variable, and covariate, respectively. The 6-
and 12-month PAS extents were compared using the Wilcoxon signed-rank test. The correlations of 6- and 12-month IOP reduction
rates with age, preoperative IOP, preoperative score, and PAS extent were determined using Spearman’s rank coefficients.

Results: The data of 33 eyes (33 patients; 20 males; mean age, 68.5 & 14.2 years) were analyzed. Trabectome surgery was performed as
a standalone procedure for 28 patients and combined with cataract surgery for five. GS-1 revealed PAS in all eyes at 6 and 12 months. The
mean PAS extents at 6 and 12 months were not significantly different at 40.16 +21.42% and 43.92 + 20.68%, respectively (P = 0.286). Only
preoperative IOP showed significant correlations with the 6- and 12-month IOP reduction rates (r = 0.641, 0.776; P = 0.002, < 0.001,
respectively). ANCOVA revealed partial regression coefficients of 0.41 (P =0.002) and 0.019 (P = 0.952) at 6 months and 0.37 (P = 0.014)
and —0.180 (P = 0.623) at 12 months for preoperative IOP and PAS extent, respectively.

Conclusion: Widespread PAS was detected by GS-1 at 6 and 12 months postoperatively. However, its effect on postoperative IOP
reduction and prognosis appears limited. Moreover, the long-term effects remain unclear; therefore, further studies are warranted.
Keywords: automated gonioscopy, peripheral anterior synechia, glaucoma

Introduction

Reduction of intraocular pressure (IOP) is the only proven treatment strategy for glaucoma.' The efficacies of trabeculectomy
and trabeculotomy have been established. However, they are relatively invasive and require conjunctival incisions. Minimally
invasive glaucoma surgery (MIGS) has advanced in recent years, and studies have reported the efficacy and safety of outflow-
reconstructive procedures using the Trabectome (Alcon, formerly NeoMedix, CA, USA)*© as well as devices that insert an
implant into the trabecular meshwork, such as the iStent series (Glaukos, CA, USA)’'® and the Hydrus Microstent (Alcon,
CA, USA).""!2 Trabectome surgery, an early MIGS procedure, received US FDA clearance in 2004 and approval in Japan in
2010 and has been used for ab interno trabeculotomy; its utility has been documented in several studies.”

Peripheral anterior synechiae (PAS) can develop after trabeculotomy performed with the Trabectome or Tanito microhook
trabeculotomy (uLOT)."* Conventional gonioscopy can confirm the presence or absence of postoperative PAS. However,
using it for longitudinal and quantitative evaluations is challenging. The GS-1 automated gonioscope (hereafter GS-1;
NIDEK, Gamagori, Japan) enables the acquisition of 360° gonio-photographs with minimal invasiveness and within
a short time.'*'® Therefore, it is useful for the longitudinal assessment of angle structures. The extent of PAS formation
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after Trabectome surgery and its effect on IOP have not been established, although an association between PAS formation after
pLOT and postoperative outcomes has been reported based on GS-1 imaging findings.'> We evaluated PAS after trabecu-
lotomy using the Trabectome based on GS-1 linear-stitched images (Figures 1-3) and investigated its impact on treatment
efficacy.

Materials and Methods

Participants

We enrolled the eyes of patients treated at JCHO Chukyo Hospital and Chukyo Eye Clinic between July 2020 and
July 2022. The included eyes underwent Trabectome surgery via a 240-360° incision performed by a single surgeon, had
interpretable GS-1 gonio-photographs available, and were followed for > 6 months. For patients in whom both eyes met
the inclusion criteria, only one eye per patient was included to avoid intereye correlation, and the eye with the higher
preoperative IOP was selected to better evaluate the IOP-lowering effect of the surgery.

The IOP and antiglaucoma medication scores were evaluated preoperatively and at 1, 3, 6, 9, and 12 months
postoperatively (£1 month). The medication score was defined as 1 point per topical antiglaucoma medication (2 points
for a fixed-combination preparation). The number of oral acetazolamide tablets taken per day was added to the score. The
GS-1 imaging data acquired at 6 and 12 months postoperatively (£1 month) were retrospectively extracted for analysis.
The IOP was measured using Goldmann applanation tonometry.

This study was based on a retrospective analysis of the examination data extracted from the electronic medical
records. The study protocol was approved by the Institutional Review Board of Chukyo Eye Clinic (approval number:
20240620081). Informed consent was obtained via the opt-out method, and the study was conducted in accordance with
the Declaration of Helsinki.

Surgery

The eyes treated with 360° trabeculotomy had 7-0 silk traction sutures placed on the lateral and medial rectus muscles.
Three 1.7-mm corneal incisions (superotemporal, superonasal, and inferior) were created. The Trabectome handpiece was
introduced through each incision, and the trabecular meshwork opposite the corneal entry site at approximately 120° was
ablated. The globe was rotated by pulling the traction sutures to position the intended corneal entry site temporally for the

Figure | A GS-1 linear-stitched gonioscopic image obtained after Trabectome surgery in an eye with a 360° trabeculotomy. Widespread PAS is observed, extending from
the temporal to the nasal region, with the most marked involvement in the inferior region.

Figure 2 A GS-1 linear-stitched gonioscopic image obtained after Trabectome surgery in another eye with a 360° trabeculotomy. In contrast to Figure |, PAS is only mildly
present in the superior and inferior regions.

Figure 3 A GS-1 linear-stitched gonioscopic image obtained after Trabectome surgery in an eye with a 240° trabeculotomy. PAS formation is also observed in the superior
quadrant, which was not included in the surgical incision.
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inferior approach. The intraoperative bleeding was cleared using Trabectome irrigation after completion of the trabecular
incision at each site. The handpiece was withdrawn, and the corneal wounds were sutured using 10-0 Vicryl. Finally,
intraoperative IOP was measured using a Barraquer applanation tonometer (Ocular Instruments, Bellevue, WA, USA),
and the procedure was completed after adjusting the IOP to > 21 mmHg.

The eyes treated with 240° trabeculotomy did not have traction sutures placed. Two 1.7-mm corneal incisions (super-
otemporal and superonasal) were created. Trabecular meshwork ablation was performed over 120° at each incision site.

The postoperative topical regimen included levofloxacin hydrate, bromfenac sodium hydrate, and pilocarpine hydro-
chloride (2%). Fluorometholone (0.02%) was administered after Trabectome surgery alone, whereas betamethasone
sodium phosphate was administered after combination with cataract surgery. All eye drops were continued for approxi-
mately 1 month.

Automated Gonioscopy

The orthoptist acquired the images under bright illumination after topical anesthesia (oxybuprocaine hydrochloride). The
GS-1 outputs (16 directional views) were reconstructed into linear-stitched angle images. The extent of PAS was
determined from the reconstructed images using ImageJ and expressed as the ratio of the cumulative PAS length to
the total length of the stitched image (percentage of angle circumference). PAS was defined as iris adhesion extending
beyond the scleral spur to the posterior trabecular meshwork. The measurements for some cases were repeated on
a different day to assess reproducibility. All ImageJ measurements were performed by the same examiner.

Statistical Analysis

Analysis of covariance (ANCOVA) was performed for the primary outcome. The IOP reduction rate at 12 months was
the dependent variable, the 12-month PAS extent was the independent variable, and the preoperative IOP was the
covariate. The same ANCOVA was performed for the 6-month outcome using the 6-month IOP reduction rate (dependent
variable), the 6-month PAS extent (independent variable), and preoperative IOP (covariate).

The secondary outcomes of preoperative and postoperative IOPs and medication scores were compared using the
Wilcoxon signed-rank test. The PAS extents for the eyes with available GS-1 images were also compared at 6 and 12 months
using the Wilcoxon signed-rank test.

Spearman’s rank correlation coefficients were used to determine the relationships between the 6- and 12-month IOP
reduction rates and preoperative IOP, medication score, age, and PAS extent. The 6- and 12-month PAS extents were
stratified by incision range (360° vs 240°) and compared using the Mann—Whitney U-test.

The intraclass correlation coefficient (ICC) was used to assess the reproducibility of the PAS measurements obtained
from GS-1 images based on the results of the two measurements.

Cases with missing data were excluded from each analysis (complete-case analysis). Only eyes with all relevant
variables available at each time point were included. Statistical analyses were performed using SPSS (version 29.0; IBM
Corp., Armonk, NY, USA). Statistical significance was set at P < 0.05.

Results

Thirty-three eyes of 33 patients were included. The participants included 20 males (20 eyes) and 13 females (13 eyes).
Their mean age was 68.5 £ 14.2 years. Fifteen and 18 eyes were phakic and pseudophakic, respectively. Nineteen had
primary open-angle glaucoma, seven had exfoliation glaucoma, and seven had secondary glaucoma. Trabectome surgery
was performed as a standalone procedure for 28 eyes and combined with cataract surgery for 5 (Table 1). The trabecular
meshwork was incised over 360° and 240° in 18 and 15 eyes, respectively.

The mean IOPs obtained preoperatively and at 1, 3, 6, 9, and 12 months postoperatively (=1 month) were 19.55 +
5.57, 14.09 £ 3.85, 15.33 + 4.03, 14.91 £ 3.99, 15.24 + 3.32, and 14.10 + 4.95 mmHg, respectively (Table 2). The
corresponding medication scores were 4.76 = 1.46, 2.55 £ 2.05, 2.21 £ 1.87, 2.30 = 1.75, 2.56 £ 1.76, and 2.45 = 1.74.
The IOPs and medication scores were significantly lower postoperatively than preoperatively (P < 0.05). The mean IOP
reduction rates at 1, 3, 6, 9, and 12 months postoperatively were 22.33 + 30.82, 16.27 + 30.18, 16.87 = 36.76, 16.17 +
26.29, and 18.79 + 34.04%, respectively.
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Table | Clinical Characteristics of the Patients in This Study

Characteristics Total (n = 33)
Age 69.0 £ 13.9
Sex (Male/Female) 20, 13
Surgery type (standalone surgery/combined with cataract surgery) 28,5
Type of glaucoma (POAG/PEG/SOAG) 19,7,7
Lens status (phakic/pseudophakic) 15, 18
Incision range (360°/240°) 18, I5
Preoperative IOP (mmHg) 19.6 + 6.09
Preoperative medication score 476 + 1.43

Abbreviations: |OP, intraocular pressure; PEG, pseudo-exfoliative glaucoma; POAG, primary open-
angle glaucoma; SG, secondary open-angle glaucoma.

Table 2 Changes in Intraocular Pressure and Medication Score

Preoperative I Month 3 Months 6 Months 9 Months 12 Months

Postoperative Postoperative Postoperative Postoperative Postoperative
IOP (mmHg) 19.6 + 6.09 14.09 + 3.85 15.33 + 4.03 1491 + 3.99 15.24 + 3.32 14.10 + 4.95
Medication score 476 = 1.43 2.55 £2.05 221 £ 1.87 230 % 1.75 2.56 £ 1.76 245 % 1.74

Abbreviation: IOP, intraocular pressure.

PAS was detected in all eyes on the GS-1 images obtained at 6 and 12 months. The mean extents of PAS at 6 and 12
months were 40.16 + 21.42% and 43.92 + 20.68%, respectively, and the difference was not significant (P = 0.286). This
analysis included 12 eyes for which GS-1 images were available at 6 and 12 months. The mean extents of PAS for the
360° and 240° groups were 40.67 + 21.94% and 39.09 + 21.73% at 6 months, respectively, with no significant difference
(P = 0.176). The corresponding values for the two groups were 45.40 £ 17.05% and 42.59 + 24.35%, with no significant
difference (P = 0.842).

PAS was present in the inferior quadrant in all eyes, the temporal and nasal quadrants in 30 eyes, and the superior
quadrant in 19 eyes. Five of the 15 eyes that had a 240° incision (no superior trabeculotomy) had PAS in the superior
quadrant.

Only the preoperative IOP was significantly correlated with the 12-month IOP reduction rate (p = 0.641, P = 0.002;
Table 3). The extent of PAS was not significantly correlated with the 12-month IOP reduction rate (P = 0.593). The

Table 3 Correlation with Intraocular Pressure Reduction
Rate at 12 Months Postoperatively

Spearman’s Rank | P-value
Correlation
Coefficient
Age 0.185 0.422
Preoperative |OP 0.641 0.002
Preoperative medication score 0.078 0.736
PAS formation range —0.135 0.593

Abbreviations: IOP, intraocular pressure; PAS, peripheral anterior synechiae.
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Table 4 Correlation with Intraocular Pressure Reduction
Rate at 6 Months Postoperatively

Spearman’s Rank | P-value
Correlation
Coefficient
Age 0.153 0.404
Preoperative |OP 0.776 <0.001
Preoperative medication score 0.082 0.655
PAS formation range —0.265 0.200

Abbreviations: IOP, intraocular pressure; PAS, peripheral anterior synechiae.

preoperative IOP was also significantly correlated with the 6-month IOP reduction rate (p = 0.776, P < 0.001; Table 4).
However, the PAS extent was not significantly correlated with the 6-month IOP reduction rate (P = 0.200). The
relationships between the IOP reduction and the extent of PAS at 6 and 12 months are shown in Figure 4A and B,
respectively.

The preoperative IOP was significantly associated with the 6-month outcome (B = 0.41, P = 0.002), but the PAS
extent was not (B = 0.019, P = 0.952). The regression coefficients (B) for the preoperative IOP and PAS extent at 12
months were 0.37 (P =0.014) and —0.180 (P = 0.623), respectively. The reproducibility was evaluated using GS-1 images
of 17 eyes. The ICC was 0.923 (95% confidence interval, 0.805-0.971; P < 0.001).

Discussion

We quantitatively evaluated PAS formation after ab interno trabeculotomy (240-360°) using GS-1 linear-stitched images
and examined its impact on postoperative outcomes. PAS developed in all eyes, and its mean extent was approximately
40%. However, it did not significantly affect the IOP reduction rates at 6 and 12 months postoperatively. The reported
prevalence of postoperative PAS after pLOT ranges from 56 to 86%.*'* The prevalence of PAS in the present study was
higher than that reported previously. This discrepancy may be attributable to the differences in the incision extent
(120-240° for the previous pLOT studies vs 240-360° for our Trabectome series) and the device used. These factors may
influence PAS formation. However, preoperative GS-1 imaging was not performed in this study; therefore, the pre-
operative baseline status of the angle was unknown, and the PAS observed postoperatively cannot be definitively
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Figure 4 Scatter plot showing the relationship between the extent of PAS and IOP reduction rate at 6 (A) and 12 months (B). No significant correlations were found in
either relationship ((A) r = -0.135, P = 0.593; (B) r = —0.265, P = 0.20).
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attributed to the surgical procedure. Future prospective studies evaluating the preoperative angle status are required to
clarify this issue.

A previous study using GS-1 to evaluate the extent of PAS after pLOT reported PAS in 4.1 of the 16 GS-1 sectors,
corresponding to 25.63% of the angle.'? This is less than the extent of PAS observed in our subgroup that had 240° incisions.
Trabectome may induce greater collateral tissue effects and inflammation owing to ablation of the trabecular meshwork via
electrocautery, which may increase the risk of extensive PAS. The extent of PAS was slightly greater at 12 months than at 6
months, but the difference was not significant. This trend may be attributable to the small number of eyes with measurements
at both time points (n = 12). This limited sample size substantially reduces the statistical power of the analysis and raises the
possibility of a type II error, potentially obscuring a true difference in PAS extent between 6 and 12 months (P = 0.286).
Furthermore, the analysis was limited by the inclusion of only two postoperative assessment points (6 and 12 months). Future
studies with larger sample sizes and more frequent follow-up are warranted to better characterize longitudinal changes in PAS.
No significant difference in the extent of PAS was detected between the 240° and 360° incision groups. This may reflect PAS
formation outside the incised sectors. Superior quadrant PAS (in a non-incised region) was observed in 5 (33%) of the 15 eyes
with a 240° incision. PAS formation in non-incised areas has also been reported.'* However, the findings cannot be attributed
solely to the incision extent because the concomitant procedures (standalone vs combined surgery) and lens status were not
uniform in our cohort. Further studies with standardized surgical conditions are warranted.

Only the preoperative IOP was significantly correlated with the IOP reduction rate at 6 and 12 months. This finding is
consistent with those of previous studies that reported greater percentage reductions in IOP in patients with higher baseline
IOP.® Previous reports have documented increased IOP when the extent of PAS exceeds 50%.'7'® Several eyes in the present
study had a PAS extent of > 50%. However, the extent and distribution of PAS were not significantly associated with the IOP
reduction rate. The previous studies involved phakic eyes without surgery, whereas our cohort comprised eyes that had
undergone outflow reconstruction. The aqueous outflow from the non-PAS sectors may have been better than that from the
nonsurgical eyes, potentially preventing IOP elevation. However, extensive PAS may still adversely affect postoperative
outcomes following trabeculotomy. Further investigations involving larger samples and longer follow-up are warranted.

This study had some limitations. Previous reports have evaluated pLOT, but we used the Trabectome. Device-related
differences may influence the degree of PAS formation, highlighting the need for direct inter-device comparisons. In
patients for whom both eyes met the inclusion criteria, the eye with the higher preoperative IOP was selected for analysis
to avoid intereye correlation. However, this selection strategy may have introduced a bias toward eyes with higher
baseline IOP. Because the magnitude of postoperative IOP reduction is partly dependent on baseline IOP, this approach
may have influenced the observed treatment effect. Therefore, this limitation should be considered when interpreting the
postoperative IOP outcomes. The sample was small, and the duration of observation was short. Larger studies with longer
follow-up are warranted. Although intraobserver agreement for PAS grading based on GS-1 images was good, inter-
observer agreement was not assessed, representing an important methodological limitation that may affect the general-
izability and reproducibility of the ImageJ-based PAS measurements. Adverse events such as postoperative hyphema and
transient IOP spikes were not analyzed. Future studies should re-examine the safety outcomes. Furthermore, this study
included eyes undergoing standalone Trabectome surgery as well as combined Trabectome and cataract surgery. The
degree of postoperative inflammation may differ between standalone and combined procedures and could influence PAS
formation. However, because of the limited sample size, we did not perform a subgroup analysis comparing standalone
and combined surgeries. Further studies with larger sample sizes are warranted to enable such comparisons. Despite
several limitations, this study is novel in its quantitative assessment of PAS formation following Trabectome surgery. It
also indicates that a wider incision range may result in a more extensive development of PAS and supports previous
findings that PAS can occur even in non-incised areas.

Conclusion

Widespread PAS was detected by GS-1 at 6 and 12 months postoperatively. However, its impact on postoperative IOP
reduction and overall prognosis appears to be limited. The long-term effects remain unclear; therefore, further studies are
needed to determine whether trabeculotomy using the Trabectome is effective.
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Abbreviations
ICC, Intraclass correlation coefficient; IOP, Its effects on intraocular pressure; MIGS, Minimally invasive glaucoma

surgery; PAS, Peripheral anterior synechiae; pLOT, microhook trabeculotomy.
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