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Purpose: To evaluate the efficacy and safety of the Paul Glaucoma Implant (PGI) surgery in patients with secondary glaucomas.
Patients and Methods: Retrospective chart review of adult patients with medically recalcitrant secondary glaucoma who underwent
PGI implantation at a single tertiary center between August 2022 and June 2023. The primary outcome measure was surgical success.
Surgical success was defined as intraocular pressure (IOP) between 6 and 21 mmHg with a >20% reduction compared to baseline (with
or without medications) with no need for implant removal, further glaucoma reoperation, or development of vision-threatening
complications at 1 year of follow-up. The secondary outcomes were IOP, glaucoma medication numbers, visual acuity, and surgical
complications.

Results: Thirty eyes of 30 patients were identified. Nine patients (30%) had neovascular glaucoma, and 9 patients (30%) had silicone-
oil-induced glaucoma. At 12 months postoperatively, 28 eyes (93.3%) fulfilled the success criteria. The mean IOP at 12 months was
15.2 £ 4.6 mmHg compared to the mean baseline IOP of 32.6 + 10 mmHg (p < 0.001). A significant reduction in the mean number of
glaucoma medications at 12 months compared to the baseline was observed. The complication rate was 13.3% (4 eyes), with most
complications being mild and transient.

Conclusion: The PGI demonstrated favorable efficacy and safety profiles in the management of medically uncontrolled secondary
glaucomas.
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Introduction

Glaucoma drainage devices (GDDs) implantation is a common surgical option for managing refractory glaucoma,
especially secondary glaucomas, such as those related to uveitis, retinal surgeries, and neovascular causes.'~
Currently, the most commonly used GDDs are the Ahmed glaucoma valve (AGV; New World Medical, Rancho
Cucamonga, CA) and the non-valved Baerveldt glaucoma implant (BGI; Johnson & Johnson, Santa Ana, CA).3’4

Studies show that BGIs are associated with higher success rates compared to AGVs but have a higher risk of
hypotony.” Postoperative hypotony can cause vision-threatening complications such as suprachoroidal hemorrhage,
hypotony maculopathy, and cataract progression.® Thus, non-valved GDDs require surgical modifications (eg; ligation
of the tube or a tube-occluding ripcord) to restrict aqueous outflow during surgery and decrease the risk of postoperative
hypotony.

The Paul Glaucoma Implant (PGI; Advanced Ophthalmic Innovations, Singapore, Republic of Singapore) is a newer
GDD with a potentially improved safety profile.” The internal and external tube diameters are significantly smaller than
those of the AGV and BGI implants, which presumably lowers the risk of corneal endothelial cell loss due to a reduction
in the area of contact between the tube and the endothelium. Additionally, a theoretically lower tube exposure rate is
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proposed due to the external diameter of the extraocular part of the tube being smaller than in AGVs and BGIs.* Even
though the PGI tube has a smaller internal diameter compared to other GDDs, it exhibited minimal resistance to aqueous
flow, which theoretically lowers the risk of early hypotony. Additionally, the PGI has a shorter plate size breadth
compared to BGI, which reduces the area of the plate tucked under the recti muscles with a subsequent lower possible
rate of postoperative strabismus.®

Previous studies evaluated the PGI in the management of medically recalcitrant primary open-angle glaucoma
(POAG).*'° Data regarding the outcomes and complications of PGI treating secondary glaucomas is very scarce. In
this study, we report the efficacy and safety of PGI surgery in 30 eyes of 30 patients with refractory secondary glaucoma
over a follow-up period of 1 year.

Materials and Methods

Study Design

This study is a single-center retrospective chart review of patients >18 years of age with refractory secondary glaucoma
who had undergone PGI implantation between August 2022 and June 2023 with a minimum of 12 months postoperative
follow-up. The study was approved by the Institutional Review Board (IRB) of Moorfields Eye Hospital Dubai and
adheres to the Tenets of the Declaration of Helsinki (2013 version) and Health Insurance Portability and Accountability
Act (HIPPA) regulations. Informed consent was not obtained due to its retrospective nature of the study and the lack of
identifiable patient data.

The following data were collected from patient records: demographics, type of glaucoma, previous glaucoma
surgeries, preoperative and postoperative intraocular pressure (IOP), number of glaucoma medications, visual acuity
(VA), and any intraoperative or postoperative complications. Intraocular pressure was measured by Goldmann applana-
tion tonometry.

Outcome Measures

Cumulative surgical success rate was the primary outcome of this study. Surgical success was defined as IOP from 6 to
21 mm Hg with a reduction >20% from baseline on 2 consecutive visits (regardless of medication use) and without the
need for implant removal or glaucoma reoperation, development of vision threatening complications, or loss of light
perception (LP) vision. Secondary outcome measures included IOP reduction, glaucoma medication reduction, changes
in VA, and intraoperative or postoperative complications.

Surgical Technique

A single glaucoma specialist (MSS) performed the surgeries. The PGI was placed in the superotemporal quadrant,
although in specific situations (eg, silicone-filled eyes) the PGI was placed inferonasally. A fornix-based peritomy was
created, followed by cauterization of bleeding points. The recti muscles were isolated. A 60 polypropylene ripcord was
used as an intraluminal stent. The wings of the PGI were tucked under the recti muscles, and the plate was secured to the
sclera using 8-0 nylon sutures. The surgeon tucked the other end of the ripcord under the temporal conjunctiva.

The tube was trimmed to an appropriate length with the bevel directed away from the iris and then inserted into the
anterior chamber. A half-thickness corneal patch graft was used to cover the tube. Closure of the conjunctival peritomy
was performed using 7-0 Vicryl sutures. Postoperatively, a standardized regimen of postoperative antibiotics and topical
steroids was used depending on the clinical findings and postoperative course.

Statistical Analysis

Data entry was done using Microsoft Excel 2018 (Microsoft, Redmond, VA), and analysis was conducted with the
Statistical Package for the Social Sciences (SPSS Inc., version 28, Chicago, IL, USA). The normality of the study
variables was assessed using histograms and the Shapiro—Wilk test. For analysis, the VA values were converted to
logarithms of the minimum angle of resolution (logMAR) equivalents. A paired ¢-test was used to compare patients’
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preoperative and postoperative values at each follow-up visit. Kaplan—Meier survival analysis was employed to assess
the cumulative success rate after PGI implantation. A p-value less than 0.05 was deemed statistically significant.

Results

A total of 30 eyes of 30 patients was included in the study. The mean age at the time of the surgery was 58.3 + 7.4 years.
Most patients were males (76.7%) and White (76.7%). The most common types of glaucoma were neovascular and
silicone-oil-induced, nine eyes (30%) each. In 10 patients (33.3%), the PGI plate was placed inferonasally. In 20 patients
(66.7%), the location of the plate was superotemporal. Out of the 30 patients, 16 patients (53.3%) required removal of the
ripcord (3 patients at 2 months and 13 patients at 3 months postoperatively). Table 1 presents the baseline characteristics
of the enrolled patients.

Surgical Success

The cumulative probability of success after PGI implantation was 96.7% (29 eyes) at postoperative month (POM) 1 and
93.3% (28 eyes) at POMs 3, 6, and 12 after PGI surgery. (Figure 1) The reasons for failure were inadequate IOP
reduction in one eye and hypotony in another eye. Both eyes required reoperation in the form of cyclophotocoagulation
in the eye with uncontrolled IOP and reinsertion of the ripcord in the eye with hypotony.

Table | Baseline Characteristics of Study Participants (N =
30)

Characteristics

Age, years

Mean (SD) 58.3 (7.4)
Follow-up, months

Mean (SD) 14.6 (2.1)
Gender, N (%)

Male 23 (76.7)
Female 7 (23.3)
Laterality, N (%) 15 (50)
Right eye

Left eye 15 (50)

Race, N (%)

White 23 (76.7)
Asian 7 (23.3)
Type of Glaucoma, N (%)

Neovascular Glaucoma 9 (30)
Silicone-oil induced Glaucoma 9 (30)
Pseudoexfoliation Glaucoma 5(16.7)
Post-Keratoplasty Glaucoma 3 (10)
Traumatic Glaucoma 2 (6.7)
Uveitic Glaucoma 1 (3.3)
Lens-induced Glaucoma 1 3.3)

Lens Status

Pseudophakic 16 (53.4)

Phakic 10 (33.3)

Aphakic 4 (13.3)
(Continued)
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Table 1 (Continued).

Characteristics

Number of Prior Ocular Procedures, N (%)

0 8 (26.7)
I 7 (233)
2 9 (30.0)
3 4 (13.3)
4 2 (6.7)
Prior Glaucoma Surgeries, N (%)

Yes* 3(10)
No 27 (90)
VA, LogMAR

Mean (SD) 1.1 (0.9)

Note: *One eye had trabeculectomy, transscleral cyclophotocoagulation
(TSCPC), and Ahmed glaucoma valve (AGV) implantation, one eye had
Preserflo microshunt implantation, and one eye had AGV implantation

followed by TSCPC.

Abbreviations: VA, visual acuity; LogMAR, logarithm of the minimum angle

of resolution; SD, standard deviation.

Intraocular Pressure, Glaucoma Medication, and Visual Acuity Changes

IOP and medication changes are summarized in Table 2. PGI surgery resulted in a post-operative IOP reduction from
32.6 + 10 mmHg at baseline to 19.3 + 8.4 mmHg at POM 1, 15.4 £ 5.0 at POM 3, 15.6 + 3.3 at POM 6 and 15.2 + 4.6 at
POM 12 (all p < 0.001). The mean percent reduction of IOP at 12 months was 53.4% from baseline measurements.

Similarly, after PGI surgery, there was a statically significant reduction in the number of glaucoma medications from
4.0 = 0.9 preoperatively to post-operative follow-up 1.4+ 1.2 at POM 1 (p <0.001), 0.8 £ 1.1 at POM 3(p < 0.001), 0.9 £+
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Figure | Kaplan-Meier plot indicates cumulative success rate after Paul Glaucoma Implant (PGI) surgery during the follow-up period.
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Table 2 Changes in IOP and Number of Medications in Mean on Consecutive Follow-Up Visits

Baseline | Month 3 Months 6 Months Postop 12 Months Postop
Postop Postop

IOP (mmHg Mean (SD, Minimum - Maximum) 326 (10, 16-47) 19.3 (8.4, 6-49) 15.4 (5, 5-28) 15.6 (3.3, 8-21) 15.2 (4.6, 7-20)
p value - < 0.001 < 0.001 < 0.001 < 0.001
Change (Mean, SD, 95% CI) - =123 (10.2,9.5-17.1) | —17.4 (10.6, 13.2-21.5) | —16.9 (11, 12.8-21) | =174 (11, 13.2-21.5)
Percentage Change - -37.7% —53.4% —51.8% —53.4%
Glaucoma medications 4 (0.9, 2-5) 1.4 (1.2, 0-4) 0.8 (1.1, 0-4) 0.9 (1.2, 0-4) 0.9 (1.2, 04)
(no. Mean (SD, Minimum - Maximum))
p value - < 0.001 < 0.001 < 0.001 < 0.001
Change (Mean, SD, 95% CI) - —2.6 (1.6,2-3.2) —32(14,27-38) =3.1 (1.5, 2.6-3.7) -3.1 (1.5, 2.6-3.7)
Percentage Change - —65% —80% —77.5% —77.5%
N 30 30 29 30 30

1.2 at POM 6 (p < 0.001), and 0.9 + 1.2 at POM 12 (p < 0.001). Prior to PGI implantation, 30 eyes (100%) were on
topical antiglaucoma medications, and 15 eyes (50%) were on oral carbonic anhydrase inhibitors. Eighteen patients
(60%) were medication-free at the last follow-up visit after surgery.

There was a non-statically significant reduction of logMAR VA from 1.1 £+ 0.9 at baseline to 0.9 + 0.9 at month 12
postoperatively (p = 0.4). Only one (3.3%) eye had a vision loss of 2 Snellen or more in VA, which was attributed to
glaucoma progression and not a consequence of the PGI surgery.

Complications

Postoperative complications were largely mild. One eye (3.3%) had conjunctival retraction over a patch graft, with no
tube exposure noted, and was managed with a bandage contact lens. Two eyes (6.7%) developed a postoperative
hyphema that resolved spontaneously within 2 weeks of follow-up. One eye (3.3%), with a prior history of pars plana
vitrectomy, developed hypotony after ripcord removal, which required reinsertion of the intraluminal stent suture. No
cases of diplopia, corneal decompensation, cataract progression, tube or implant exposure, retinal detachment, or
endophthalmitis were observed.

Discussion

This study evaluated the surgical outcomes of PGI in patients with secondary glaucoma. The success rate was 93.3% at
12 months of follow-up. Furthermore, IOP was significantly lower at all follow-up visits with a mean reduction of
17.4 mmHg from baseline. At 12 months of follow-up, patients required 3 fewer glaucoma medications on average
compared to before PGI implantation. The findings of this study also suggest that PGI has a favorable safety profile, with
no patients developing endophthalmitis, tube exposure, or corneal decompensation.

The success rate in the current study is comparable to previous glaucoma drainage implant studies.® '° A prospective
multicenter study by Koh and et al® evaluated the outcomes of PGI in 82 glaucomatous patients. Of the enrolled
participants, twenty-seven patients (36.5%) had secondary glaucomas. The failure rate (defined as IOP <6 mmHg or >21
mmHg or IOP reduction of <20% from baseline on 2 consecutive visits, loss of vision, device removal, or glaucoma
reoperation) was 5.4% at 12 months, which is similar to the failure rate reported in the current study. They also reported
a significant reduction of IOP from 23.1 + 8.2 mmHg on 3.3 + 0.9 medications preoperatively to 13.2 £ 3.3 mmHg on 0.3
+ 0.6 medications at 12 months postoperatively, with a mean IOP reduction of 9.9 mm Hg and medication reduction of 3,
which is lower than the IOP reduction (17.4 mmHg) but similar to the medication changes (3.1 medications) in our study.

In a retrospective study that included 99 eyes with glaucoma (approximately 50% of eyes were diagnosed with
secondary glaucomas) who underwent PGI implantation, the reported success rate (IOP <21 mmHg or a >20% reduction
of IOP, without removal of the implant, further glaucoma intervention or visual loss to no LP) was 90.1%, which is
comparable to our findings.” During the last follow-up visit, the mean IOP reduction in the aforementioned study was
15.1 mmHg (versus 17.4 in our study), and the mean reduction of medication numbers was 2.38 (compared to 3.1 in our
study).”
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Jose and et al'® conducted a retrospective study involving 24 patients with a history of PGI surgery. Fifteen patients
(62.5%) were diagnosed with secondary glaucomas prior to PGI implantation. Success was defined as an IOP between 6
and 18 mmHg, along with a minimum 30% reduction in IOP. They found an absolute success rate (without glaucoma
medications) of 33% and a qualified success rate (with glaucoma medications) of 75%. The study also showed
a significant drop in mean IOP, from a mean of 31.4 + 10.0 mmHg before surgery to 12.5 + 4.3 mmHg at | year.
Moreover, the average number of glaucoma medications decreased from 3.0 at baseline to 0.9 at 12 months."°

Although the surface area of the PGI’s plate (342 mm?) is slightly smaller than the BGI (350 mm?), the PGI has
a larger effective surface area due to the shorter wingspan (so less area tucked under the recti muscles) and longer
anteroposterior plate width compared to the BGL.'' Previous studies suggested that postoperative IOP is also directly
proportional to GDD size.'? So, the low failure rates and good efficacy seen in this series and previous reports could
possibly be due to the larger effective plate surface area of the PGI.

Recently, Berteloot et al'® compared the outcomes of 23 patients (43% with secondary glaucomas) who underwent
PGI implantation versus 27 patients (52% with secondary glaucomas) who had BGI implant surgery. At 1 year, no
significant difference between the success rates of PGI and BGI groups was observed. The mean IOP in the patients who
underwent PGI implantation was lower than those who had BGI implantation at 12 months (P = 0.024). The complica-
tion rates between the PGI and BGI were comparable with a trend towards a higher number of complications with the
BGI especially hypotony-related complications. The BGI patients also required a higher number of postoperative
interventions.

Most of the reported complications in our cohort were minor and self-limiting. The most common reported
complication was hyphema in 6.7% of the treated eyes, which resolved spontaneously within the first 2 postoperative
weeks. One eye (3.3%) developed hypotony requiring surgical intervention. This rate is lower than that reported by Koch
and colleagues® (9.5%) but comparable to the rate of 2% reported by Vallabh and colleagues.’ This could possibly be due
to the similar technique of using a 60 polypropylene intraluminal stent in all the patients in our series and Vallabh’s;
however, in the study by Koch’s and colleagues, a stent was used in only approximately 15% of the patients. The smaller
internal lumen of PGI might be associated with the lower rates of hypotony requiring intervention compared to other
GDDs such as the BGL.'

One of the concerns with GDDs implantation is endothelial cell loss (ECL) and subsequent corneal decompensation.
This is especially important in patients with shallower anterior chambers and shorter eyes. No cases of corneal
decompensation were reported in the current series; however, a longer follow-up period might be needed to confirm
our findings. The reported rates of corneal decompensation following AGV and BGI ranged from around 4% to 12%.'>!°

The exact cause of ECL after GDDs is not fully understood, but proposed mechanisms include mechanical trauma
due to the tube’s proximity to the endothelium, increased aqueous humor flow near the tube entry site, and postoperative
inflammation.'”'® The PGI occupies less space in the anterior chamber compared to traditional GDDs, when the tube
length is the same, due to its smaller tube diameter. According to the Hagen—Poiseuille equation, the narrower lumen of
PGI leads to greater resistance to fluid flow, which is inversely proportional to the fourth power of the tube diameter.'
Consequently, the aqueous flow rate through PGI is lower than that of traditional GDDs. High flow rates and turbulence
at the tube tip have been linked to ECL after GDD implantation.'®*° Theoretically, the reduced flow through the PGI
could lower the risk of ECL. However, other factors such as the implant’s position in the anterior chamber, its distance
from the endothelium and iris, and overall tube length have not been fully explored in relation to ECL.

GDD-related tube and plate exposure and endophthalmitis are devastating complications that can occur even many
years postoperatively.>' Although one patient had conjunctival retraction due to a broken suture near the limbus, the tube
was still covered with the corneal patch graft and was managed conservatively. No cases of tube erosion or endophthal-
mitis were observed in this series. Compared to AGV and BGI, the smaller PGI tube external diameter with the lower
cross-sectional profile outside the sclera, could potentially lead to a decreased risk of conjunctival erosion.*?

The limitations of this study include that it is a retrospective study that limits the analysis of some variables such as
endothelial cell count. Additionally, the number of the study participants was modest, and the study has a relatively short
follow-up period. Nevertheless, to our knowledge, this is the first study that evaluates PGI outcomes in a cohort of
secondary refractory glaucomas.
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In conclusion, this study suggests that PGI implantation is a relatively safe and efficient surgical treatment option in

complex secondary glaucoma patients.
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