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Purpose: To evaluate incisional or excisional tissue-level effects of ab interno goniotomy techniques on human trabecular meshwork (TM).
Methods: The TM from human cadaveric corneal rim tissue was treated using three devices: (1) Kahook Dual Blade (KDB) GLIDE,
(2) iAccess, and (3) SION. Two human corneal rims were used for each of the iAccess and SION devices and one with the KDB
GLIDE, with 360 degrees of TM treated in each case. Sections were then prepared for analysis and comparison between devices.
Tissue samples underwent standard histologic processing with H&E stain, followed by comparative analyses.

Results: Areas treated with the KDB GLIDE device resulted in nearly complete excision of TM overlying the canal of Schlemm
without injury to surrounding tissues. The iAccess device can be used as a focal trephine to create holes or dragged for TM disruption.
When used to create holes, iAccess punched through the full thickness of the TM and also disrupted the anterior scleral tissue. It
caused some incisional openings through the TM but with significant leaflets remaining and minimal true “hole-punch” effect. When
the device tip was dragged, iAccess incised the TM and left debris behind with little, if any, excision of tissue. SION led to both
incision and excision of TM with incision predominating over excision.

Conclusion: The various methods evaluated to perform ab interno goniotomy resulted in varying degrees of TM incision or excision.
Only the KDB GLIDE device resulted in reliable excision of TM, while the other devices produced incision or minimal excision of
tissue with residual leaflets and debris. Use of iAccess resulted in focal disruption of the anterior scleral wall. Because incisional
approaches that leave longer residual leaflets may be more prone to fibrosis and closure compared to excisional treatments, clinical
correlation will be necessary to better understand the significance of these findings with respect to relative effectiveness of intraocular
pressure lowering in eyes with glaucoma.
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Introduction

Goniotomy was first described by Otto Barkan as incision of the trabecular meshwork (TM) to facilitate the flow of
aqueous humor from the anterior chamber to the canal of Schlemm with the goal of reducing intraocular pressure (IOP)
in eyes with glaucoma.' More recently, an array of surgical techniques and instrumentation have been developed to
optimize goniotomy outcomes. These include procedures and instruments that perform incisional goniotomy (the
microvitreoretinal [MVR] blade, the Trabectome® device (MicroSurgical Technology, Redmond, WA), excisional
goniotomy (the Kahook Dual Blade® (KDB®) and KDB GLIDE®™ [New World Medical, Rancho Cucamonga, CA]) or
the TrabEx™/TrabEx+™ device (Microsurgical Technology), as well as, 360° trabeculotomy (gonioscopy-assisted
transluminal trabeculotomy [GATT] using a suture, among others.

The effects of each of these procedures on TM tissue are variable. By design, incisional techniques cut through the TM
without removing a large amount of tissue, leaving residual leaflets on either side of the incision that can reapproximate and
reverse the surgical effect.”* Conversely, excisional instruments are intended to remove portions of the TM; ideally, these
excised portions are of uniform and adequate size to prevent reapproximation of tissue edges. In two previous preclinical
studies, the histologic appearance of the TM following incisional and excisional goniotomy with the instruments listed above
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has been described. As would be expected, the various techniques produced varying degrees of TM removal; only the KDB
and KDB GLIDE devices provided consistent TM excision, likely related to its dual blade and ramp configuration designed
to stretch, elevate, and excise TM (Figure 1A).

Since these prior studies were conducted, additional devices for performing goniotomy have been developed, including the
iAccess”™ Trabecular Trephine (Glaukos, Aliso Viejo, CA) and the SION™ Surgical Instrument (Sight Sciences, Menlo Park,
CA). The iAccess features a 30g circular blade trephine for creation of holes in the TM and features a 300-micron deep
backstop designed to prevent damage to the canal (Figure 1B).” The SION features an upper and lower foot that bracket the
TM to pull/tear tissue with advancement (Figure 1C).° In this study, we describe the histologic appearance of the TM and canal
of Schlemm following goniotomy with the KDB GLIDE, iAccess, and SION instruments.

Materials and Methods

Prior to study commencement, this preclinical laboratory study was granted exemption by the Colorado Multiple
Institutional Review Board for use of human material on the basis that all information was deidentified and devoid of
non-public information disclosures.

Five corneoscleral rims were provided by the Lions World Vision Institute (Tampa, FL). Each tissue sample was
removed from storage medium, mounted with the TM facing up, and secured with tissue pins. Two samples were used
for the iAccess and SION technique and one sample for the KDB GLIDE technique (as histology with KDB GLIDE
excisional goniotomy has been reported previously®). In all cases, the full 360 degrees of TM was treated under direct
microscopic visualization. The KDB GLIDE was used as per the manufacturer’s instructions’ as follows: the
instrument’s blade tip was used to pierce TM and the footplate positioned within the canal of Schlemm and advanced
along the canal. Upon completion of the intended excision in one direction, the tip was redirected to excise the trailing
TM strip. The iAccess instrument was used as previously described:’ under gentle pressure, multiple full-thickness
circles of TM were removed. Also, while not described previously, the tip was placed in one of the holes and dragged
along the canal, disrupting TM in an incisional manner. The SION instrument was used as per the manufacturer’s
instructions® as follows: the instrument’s toe was used to puncture the TM and the lower foot seated in the canal.
A viewing window in the upper foot permitted visualization of TM to ensure proper placement before advancement
along the canal to disrupt TM.

After each procedure, rims were preserved in 4% paraformaldehyde/phosphate-buffered saline overnight at 4° C, then
cut into 2-3 mm wide radial pieces and embedded in paraffin with the cut edge of each rim segment facing the front of
the block. Two to three 10 pm-thick tissue sections were then cut from randomly selected locations of each sample and
stained using Mayer’s hematoxylin and eosin Y (H&E, Richard-Allan Scientific, Kalamazoo, Michigan, USA). Bright-
field imaging was obtained using a Nikon Eclipse 80i microscope (Nikon, Melville, New York, USA) fitted with a Nikon
D5-Fil color camera and a Nikon CFI 10x or 20x/Plan Fluor objective lens. Masked evaluation of the images was
undertaken to qualitatively characterize the tissue effects of each technique.

Results
Systematic histological examination of each imaged section was undertaken. Findings were consistent between sections
within each corneal rim and, for the iAccess and SION evaluations, between corneal rims as well.

Figure | Images of the 3 devices with tips enlarged. (A) Kahook Dual Blade (KDB) GLIDE, (B) iAccess Trabecular Trephine, and (C) SION Surgical Instrument.
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Figure 2 Goniotomy with the KDB GLIDE resulted in excision of a strip of trabecular meshwork over the canal of Schlemm (CS) with minimal (0 to 50 um) residual leaflets
(arrows) and no damage to adjacent structures. H&E stained sections, scale bar = 200 pm.

Representative sections of rims undergoing goniotomy with the KDB GLIDE are illustrated in Figure 2. The KDB
GLIDE resulted in nearly complete excision of the TM overlying the canal, leaving leaflet remnants ranging from 0 to 50
um in width. No collateral damage to adjacent structures (outer canal wall, anterior sclera) was seen in any section.

When used as a trephine, the iAccess instrument punched through the full thickness of the TM with incisional rather
than excisional openings and residual leaflets ranging from 50 to 150 pum, with accompanying disruption of anterior
scleral tissue (Figure 3A). When dragged along the canal, the iAccess incised the TM and pulled it free from the canal
but with significant residual debris and little, if any, tissue excision (Figure 3B).

SION goniotomy excises 50—75 pum of central TM in only approximately one-third of the images analyzed, with
either simple incision of the TM (or excision of <50 pm) in the other instances (Figure 4). Residual leaflets ranging from
50 to 150 pm in width dominated in areas of excision. No collateral injury to adjacent structures was seen.

Discussion

Elevated IOP in eyes with open-angle glaucoma arises from increased aqueous outflow resistance through the TM.%’
Goniotomy overcomes this outflow resistance and lowers IOP by restoring aqueous flow through the trabecular outflow
pathway. Multiple instruments and techniques have been developed to achieve IOP reduction with goniotomy. Incisional
techniques cut through but do not remove TM tissue. Residual tissue leaflets remain on both sides of the incision which
can reapproximate to close the opening resulting in surgical failure.> * In contrast, excisional techniques are intended to
remove regions of the TM, whether in strips or trephined circles. The ideal excision dimension (width for strips, diameter
for circles) should be large enough to minimize the risk of reapproximation of any residual tissue leaflets.

In this study, we have evaluated the characteristics of goniotomies created using the KDB GLIDE, iAccess, and SION
instruments. Consistent with a similar prior study of histology following goniotomy with the KDB, MVR blade, and
Trabectome,” as well as a study of histology following goniotomy with the KDB GLIDE and MVR blade, and trabeculotomy
with a 5-0 prolene suture or TrabEx,” the present study demonstrated more complete excision of TM with fewer and smaller
residual tissue leaflets with the KDB GLIDE compared to the iAccess and SION devices. The iAccess device is intended to create
circular 30g full-thickness TM excisions via trephination.” While openings through the TM were observed after iAccess
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Figure 3 Goniotomy with the iAccess. (A) iAccess used as a trephine produced punctures in trabecular meshwork with long (~150 um) residual leaflets (arrows) and
without significant tissue excision. There was associated damage (**) to the anterior scleral wall of the canal of Schlemm (CS). (B) When dragged along the canal of Schlemm
(CS), the iAccess incised the trabecular meshwork (arrow) and pulled it free from the canal with debris — and little, if any, tissue excision. H&E stained sections, scale bar =
200 pm.

Figure 4 Goniotomy with the SION device both incised and excised trabecular meshwork (arrow), with instances of incision predominating over instances of excision.
Residual leaflets varied from 50—150 pm. H&E stained sections, scale bar = 200 um.
Abbreviation: CS, canal of Schlemm.

goniotomy, these did not have the expected “hole-punch” appearance and left significant residual leaflets behind. The SION
device, described as bladeless, grasps and pulls/drags TM, tearing it away from the scleral spur and Schwalbe’s line by blunt
force.® Incomplete separation from either the scleral spur or Schwalbe’s line, or both, would be expected to produce a mixed
incisional and excisional effect. This was observed in the current study, with incisional effects seen more extensively than
excisional effects, suggesting that the device effectively incises TM rather than grasping and dragging to tear the TM from its
attachments.
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From a safety perspective, an ideal goniotomy device would cause little or no collateral damage to adjacent, non-
targeted tissues. In the current study, the iAccess device — when used as a trephine produced significant injury to the
anterior wall of the canal of Schlemm. This occurs, despite the device having a 300-micron deep backstop, specifically to
prevent injury to tissues deep to the TM.> No significant injury to neighboring non-target tissues was seen with either the
KDB GLIDE or the SION device.

Conclusion

In summary, this study in combination with two prior studies® demonstrates that the various available methods of
performing goniotomy produce significant tissue effect variation, with some providing more incision of the TM, others
more excision, and some resulting in damage to adjacent structures. Only the KDB GLIDE device consistently excised
TM without collateral injury. Clinical correlation is necessary to better characterize the influence of these differential
tissue effects on IOP reduction in eyes with glaucoma.
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