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Purpose: The Paul glaucoma implant (PGI, Advanced Ophthalmic Innovations, Singapore, Republic of Singapore) is a recently
developed novel non-valved glaucoma drainage device (GDD) designed to effectively reduce the intraocular pressure (IOP) in
glaucoma patients with a theoretically reduced risk of postoperative complications such as hypotony, endothelial cell loss, strabismus,
and diplopia. Limited literature has evaluated its use in adult glaucoma; however, its use in pediatric glaucoma has not been reported to
date. We present our early experience with PGI in refractory childhood glaucoma.

Patients and Methods: This study was retrospective single-surgeon case series in a single tertiary center.

Results: Three eyes of 3 patients with childhood glaucoma were enrolled in the study. During nine months of follow-up, postoperative
IOP and number of glaucoma medications were significantly lower than preoperative values in all the enrolled patients. None of the
patients developed postoperative complications including postoperative hypotony, choroidal detachment, endophthalmitis, or corneal
decompensation.

Conclusion: PGI is an efficient and relatively safe surgical treatment option in patients with refractory childhood glaucoma. Further
studies with larger number of participants and longer follow-up period are required to confirm our encouraging results.
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Introduction

Childhood glaucoma is a heterogeneous group of ocular disorders characterized by increased IOP, which leads to
glaucomatous optic neuropathy.'> GDDs are usually used in refractory cases or as a first-line surgery in select secondary
glaucoma cases. The most used GDDs are the Ahmed glaucoma valve (AGV, New World Medical Inc., Rancho
Cucamonga, CA) and the Baerveldt glaucoma implant (BGI, Abbott Medical Optics Inc., Santa Ana, CA).® Recently,
several GDDs have been introduced to the market, such as the Ahmed ClearPath (ACP, New World Medical, Rancho
Cucamonga, CA) and the Paul glaucoma implant (PGI, Advanced Ophthalmic Innovations, Singapore, Republic of
Singapore), with limited literature evaluating their efficacy and safety in the pediatric population.*

The PGI is a valveless device made of medical-grade silicone making its implantation easier due to pliability. The
internal tube diameter is 0.127 mm and external tube diameter is 0.467 mm. Both are smaller than those of AGV and
BGV which might decrease corneal endothelial loss and decrease the risks of tube erosion and exposure. The breadth of
the PGI endplate is 21.9 mm, the width is 16.11 mm, and the surface area is 342.1 mm?2.

In this case series, we evaluated the efficacy and safety of PGI in 3 childhood glaucoma eyes with at least 9 months of

follow-up.
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Materials and Methods
The study adhered to the tenants of the Declaration of Helsinki. Due to the case series nature of our study, it was
exempted from ethical approval by the ethical committee of Moorfields Eye Hospital Dubai. Written informed consent
was obtained from all subjects and their legal guardians to publish the case details and any accompanying images. This
study included patients with diagnosis of refractory childhood glaucoma with uncontrolled IOP on maximal medical
treatment or after failure of previous glaucoma procedures. All patients underwent full ophthalmological examination
preoperatively and at 1 week, 1 month, 3 months, 6 months and 9 months postoperatively. At each visit, clinical
parameters including IOP, using Tono-Pen (Reichert, Inc, Depew, NY) at all the visits, number of glaucoma medications,
Snellen’s visual acuity, slit-lamp examination, dilated fundus exam using 28 diopter lens, and postoperative complica-
tions were collected. Humphrey visual field (HVF) 24-2 (Carl Zeiss Meditec Dublin, CA) was performed in patient 2.
Surgery (Figure 1 and Supplementary Video) was performed by a single surgeon (MSS) in the supertemporal

quadrant in all 3 cases. After creating a peritomy and cauterizing bleeding points, the superior and lateral rectus muscles
were isolated. A 6-0 prolene ripcord intraluminal stent was placed. The PGI wings were tucked under the muscles, and
the plate was secured to the sclera using 8-0 nylon sutures. The opposite end of the ripcord was tucked under the
temporal conjunctiva. The tube was cut to an appropriate length, inserted into the anterior chamber with the bevel
directed away from the iris. In cases #1 and 3, tube coverage was achieved by creating a partial thickness scleral flap. In
case #2, a half-thickness corneal patch graft was used to cover the tube. The conjunctival peritomy was then closed.

Results
We included 3 eyes of 3 patients who underwent PGI surgeries. The main clinical findings in our case series are
presented in Table 1.

Case |

A 6-year-old girl presented with bilateral glaucoma following cataract surgery (GFCS) for congenital cataracts in both
eyes. She had a history of 360-degree-trabeculotomy - once in the right eye (RE) and twice in the left eye (LE). Her best
corrected visual acuity (BCVA) was 20/50 in the RE and 20/200 in the LE. The slit-lamp exam showed bilateral
pseudophakia. IOP was 24 mmHg and 5 mmHg in the RE and LE, respectively, on dorzolamide-timolol twice daily,
travoprost once daily, and apraclonidine three times daily, all in the RE only. Fundus examination revealed cup-to-disc
(C/D) asymmetry (0.4 RE and 0.7 LE). The patient underwent PGI in the RE. On postoperative week 1 (POW-1), the IOP
was 12 mmHg on no glaucoma medications. At postoperative month-1 (POM-1), IOP was 16 mmHg RE, and she was
restarted on a dorzolamide-timolol twice daily. The ripcord was removed on POM-2, leading to an IOP of 13 mmHg RE.

Figure | Surgical steps of Paul glaucoma implant (PGI) insertion. (A) Fornix-based peritomy was performed, and bleeding points were cauterized, (B) The rectus muscles
were isolated, (C) The PGI was inserted (note the ripcord inside the tube lumen), (D) Holding the tube end before inserting it into the anterior chamber, (E) The tube is
secured underneath a scleral flap, (F) The conjunctiva was closed.
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Table | Baseline and Postoperative Clinical Information of the Whole Cohort

Eyes | Gender | Age at Time | Type of Glaucoma Previous Glaucoma | Laterality | Preoperative | Preoperative | IOP at the Glaucoma Duration of
of PGI Surgeries IOP* Glaucoma Final Medications at | the Follow-
Implantation (mmHg) Medications Follow-Up the Final Up

(mmHg) Follow-Up (Months)

| Female 6 years GFCS None Right 24 4 18 2 6

2 Female I5 years PCG Trabeculectomy Left 46 5 10 0 6

3 Male 7 years Mixed Mechanism (PCG Goniotomy Left 28 4 I 0 6

+traumatic glaucoma)

Note: *Intraocular pressure was measured by Tono-Pen (Reichert, Inc, Depew, NY) at all the visits.
Abbreviations: PGI, Paul glaucoma implant; IOP, intraocular pressure; GFCS, glaucoma following cataract surgery; PCG, primary congenital glaucoma.
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Nine months postoperatively, her IOP was 14 mmHg in the RE and 20 mmHg in the LE on dorzolamide-timolol twice
daily in both eyes with a best corrected visual acuity (BCVA) 20/50 and 20/100 in the RE and LE, respectively.

Case 2

A 15-year-old girl with a history of bilateral primary congenital glaucoma (PCG) with prior bilateral trabeculectomies
presented with a BCVA of no light perception in the RE and 20/25 in the LE. IOP was 24 mmHg and 46 mmHg in the RE
and LE, respectively, on maximal medical therapy (oral acetazolamide, brimonidine-timolol, brinzolamide, latanoprost).
Slit-lamp examination disclosed enlarged corneal diameter with old Haab’s striae in both eyes. C/D ratios were 1.0 in the
RE and 0.8 in the LE on fundus exam. Humphrey visual field testing (HVF) of the LE demonstrated inferior arcuate and
superior and inferior nasal scotomas. PGI was performed in the LE. IOP in the LE was 20 mmHg on POW-1, 12 mmHg
on POM-2, 10 mmHg on POM-6, and 10 mmHg on POM-9 on no antiglaucoma medications during any of the
postoperative visits. The ripcord intraluminal stent did not need to be removed in this patient, and IOP was adequately

controlled without any medications.

Case 3

A 7-year-old boy was referred for management of uncontrolled glaucoma in the LE due to PCG and traumatic glaucoma.
He had a history of goniotomy in the LE at the age of 8 months. At presentation, IOP was 12 mmHg in the RE and 28
mmHg in the LE on a combination of brinzolamide-timolol twice daily in both eyes, latanoprost once daily in the LE,
and oral acetazolamide. The C/D ratios were 0.4 and 0.9 in the RE and LE, respectively. The BCVA was 20/40 in the RE
and 20/300 in the LE. Enlarged corneal diameter and Haab’s Striaec were noted in the LE. After PGI implantation in the
LE, IOP was 36 mmHg on POW-1, which dropped after ripcord removal to 11 mmHg without any IOP-lowering agents
on POM-2. On the POM 9 visit, his IOP in the LE continued to be controlled off-medications (11 mmHg).

Discussion

Paul glaucoma implant was developed by Professor Paul Chew (National Institute of Singapore) to control IOP with
a theoretically higher safety profile compared to other GDDs (Figure 2). The outer tube diameter is significantly smaller
compared to the AGV and BGI, which may theoretically reduce the effect of the implant on corneal endothelial cell
density (ECD). However, long-term studies are needed to confirm this hypothesis. Although the inner tube diameter is
smaller than other GDDs, resistance to aqueous outflow is theoretically mildly elevated while simultaneously reducing
the risk of hypotony. In our series, none of the patients had postoperative hypotony. The device was designed to increase
the surface area of aqueous drainage while reducing the area tucked under the muscles, theoretically reducing the risk of
diplopia and strabismus.

Y\ Maximum thickness at
~&) the thickness cross-
sectional area is 0.95 mm

Silicone

Figure 2 (A) Design of Paul glaucoma implant. Courtesy of advanced ophthalmic innovations.
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Limited literature evaluated the efficacy of PGI in adult glaucoma.® ' Tan et al® studied 45 eyes with refractory
glaucoma or patients who had previously failed glaucoma surgery. The mean follow-up duration was 25 months. They
reported a complete success rate, defined as IOP between 6 and 18 mmHg without glaucoma medications or development
of vision-threatening complications or re-operation, of 71.1.%. The mean IOP was significantly reduced from a baseline
of 19.8+6.3 mmHg on 3.2+0.8 medications to 13.9+£3.7 mmHg on 0.2+0.6 at the 2-year follow-up visit. In a retrospective
study that included 99 eyes who underwent PGI surgeries by Vallabh et al,® the failure rate (postoperative IOP of >21
mmHg, <20% IOP reduction from baseline values, loss of light perception, need for further glaucoma surgeries, or PGI
removal) was 9.3%. There was a statistically significant reduction in the mean preoperative IOP decreased from 28.1+9.0
mmHg to 13.6+4.7 mmHg at 6-months and 13.3+4.4 mmHg at 12-months. Similarly, the mean number of glaucoma
medications was significantly reduced from 3.61+£1.09 at baseline to 1.22+1.21 at 6-months and 1.25£1.28 at the 12-
month follow-up visit. Four eyes developed hyphema, two eyes had postoperative hypotony, and cystoid macular edema
was reported in the early postoperative period.

In a recent study’ that evaluated the outcomes of PGI outcomes in 45 eyes of 41 patients during one-year follow-up
period, the mean percentage of IOP reduction was 48.83% at 12 months form preoperative values. The mean number of
preoperative glaucoma medications was 3.44 that decreased to 0.47 at 12 months (p < 0.05). In this cohort, 4 eyes (8.9%)
developed choroidal detachments due to hypotony which resolved without further interventions after 6 weeks, but one
eye (2.2%) needed an injection of viscoelastic due to persistent hypotony. In our series, the PGI was effective in reducing
the IOP and the number of glaucoma medications in all 3 eyes without any cases of postoperative hypotony or vision-
threatening complications. Our series highlights the potential role of PGI in childhood glaucoma management.

The PGI with its plates surface area has been useful in our limited series of children aged between 6 and 15 years. It
remains to be seen if this device’s volume would be safely implantable in younger children and newly born with smaller
globe size.

The current study is limited by its small sample size, retrospective nature, and short follow-up. Future studies with
larger cohorts and longer follow-up periods are needed to evaluate the efficacy and safety of PGI.

Abbreviations

AGV, Ahmed glaucoma valve; BCVA, best-corrected visual acuity; BGI, Baerveldt glaucoma implant; C/D, cup-to-disc;
ECD, endothelial cell density; GDD, glaucoma drainage devices; IOP, intraocular pressure; LE, left eye; PGI, Paul
glaucoma implant; RE, right eye.
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