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Glaucoma filtration surgery (GFS) can be divided into penetrating and non-penetrating glaucoma
surgery. Non-penetrating glaucoma surgeries (comprising deep sclerostomy and viscocanuloplasty)
may have a more favourable risk profile in terms of hypotony related complications * and infections
2. However, due to its long learning curve and lower efficacy at reducing intraocular pressure (IOP)
trabeculectomy remains the gold standard and the most commonly performed GFS '. Aqueous
shunts have traditionally been used in cases of refractory glaucoma following unsuccessful GFS
surgery, or in patients at high risk of GFS failure. Over the past decade there has been ‘marked
increase in the development of new glaucoma drainage devices (GDDs). Emerging stents:in the
context of minimally invasive glaucoma surgery (MIGS) aim to improve the safety. of glaucoma
surgery without compromising efficacy and promote earlier surgical intervention. MIGS can have an
ab interno or ab externo approaches some of which do not require a filtering bleb. Regardless of the
type of filtration surgery or placement of devices draining into the subconjunctival or suprachoroidal
space, scarring is the predominant cause of surgical failure. MIGS encompass a wide range of
procedures utilising endolasers, electrocautery devices, microcatheters and stent implants with
minimum or no scleral dissection. This editorial will focus on approved GDDs, stents and anti-

scarring therapies in glaucoma surgery.

1. New advances in glaucoma drainage device surgery

GDDs are increasingly used due to their improved efficacy and continued concerns over bleb-related
complications in GFS, despite the improved bleb appearance with modified methods of
antimetabolite application *. Recent modifications to optimise surgical results include changes to the
surface area and modifications to end plate materials, with the aim of optimising surgical success
rates, improving IOP reduction and reducing post-operative complications.

The Ahmed Baerveldt Comparison Study recently published their five-year outcomes,
comparing the Ahmed FP7 Glaucoma Valve (AGV) (New World Medical, Cucamonga, CA, USA) and
the.350 mm’ Baerveldt glaucoma implant (BGI) (Abbot Medical Optics, Santa ANA, CA, USA) *. The
results showed that mean IOP was 14.7+4.4 and 12.7+4.5 mmHg in the AGV and BGI groups
respectively *. Cumulative probability of failure during 5 years of follow up was 44.7% in the AGV
group and 39.4% in the BGI group. Complications including persistent hypotony, implant
explantation or loss of light perception occurred in 11/143 in the AGV group and 22/133 in the BGI
group.

While GDDs offer the potential for reasonably effective IOP control, a new group of surgical

procedures commonly known as Minimally Invasive Glaucoma Surgery (MIGS) have been developed



that aim to have an improved safety profile compared to traditional GDDs. MIGS can be divided into
procedures that either bypass or eliminate the trabecular meshwork (TM) or offer an alternative
drainage route into the suprachoroidal or subconjunctival space °.

The iStent (Glaukos, Laguna Hills, CA, USA), was one of the first drainage devices used for
MIGS to receive CE marking in 2008 followed by FDA approval in 2012. The iStent is a heparin-coated
titanium implant, 1 mm in length and 0.33 mm high, which is inserted through the TM into
Schlemm’s canal. Craven et al. demonstrated that 66% of patients who underwent combined
surgery achieved a 20% reduction in pressure without concurrent IOP-lowering medication,
compared with 48% of patients who underwent cataract surgery alone °. Further: studies have
demonstrated that the implantation of more than one iStent device may result in improved |IOP
reduction, compared to a single device with the second generation iStent Inject allowing for
implantation of two devices that are pre-loaded on the insertion tool ’. A'recent case series reported
safe IOP control when two iStents, one iStent Supra and postoperative travoprost were used in
combination in refractory glaucoma cases 8 However, multicentre, randomised control trials are
warranted to compare MIGS procedures with established glaucoma filtering surgeries in refractory
cases °.

The Hydrus Microstent (lvantis Inc, Irvine, CA, USA) is a 8 mm long crescent-shaped TM
bypass device, composed of nitinol (a nickel and titanium alloy) that dilates and stents Schlemm’s
canal by 166 @m along the length of the device and up to 241 BIm at the device inlet, allowing
aqueous humour drainage via multiple collector channels '°. Pfeiffer et al. showed implantation of
the device lowered postoperative JOP to 16.9+3.3 compared to 19.2+4.7 mmHg with cataract
surgery alone and a greater proportion of patients were medication free at 2 years (73% versus 38%)
11.

The CyPass shunt (Transcend Medical, Menlo Park, CA, USA), is a single lumen device
composed of jpolyimide that drains into the suprachoroidal space. It has a lumen of 310 Bm in
diameter.and 6.35-mm in length and is inserted via an ab interno approach. The COMPASS trial two-
year results showed implantation of the device decreased I0P from 24.4+2.8 at baseline by 7.4
mmHg at two years with 85% of patients being medication free at 2 years *2. While studies with
these shunts have demonstrated early IOP reduction, long-term efficacy may still be limited due to
fibrosis around the device, that has occurred with other devices in the suprachoroidal space.

The XEN Gel Stent (Aquesys Inc, Aliso Viejo, CA, USA) is a single lumen tube composed of
porcine gelatin crosslinked with glutaraldehyde. It is 6mm in length, with a lumen size of 45 Em 3.
Grover et al. showed implantation of the device decreased I0OP from 25.1+3.7 at baseline by 9.1

mmHg at twelve months **. While observed post-operative complications were mild or moderate



and transient, it is worthwhile noting that the needling rate was 32.3%. A comparative case series of
Xen + Mitomycin-c versus trabeculectomy +Mitomycin-c in medically uncontrolled glaucoma showed
no difference in risk of failure *>. However, this study had a relatively higher rate of trabeculectomy
failure and bleb needling compared with other studies with similar patient cohorts ***’.

The InnFocus microshunt is based on a similar principle to the XEN gel stent, but the
InnFocus has a 70 @m internal diameter and is placed following a conjunctival incision (InnFocus Inc,
Miami, FL USA). Batlle et al. showed decreased IOP from 23.845.3 at baseline to 10.7+3.5 mmHg at

8 Anti-scarring therapies with appropriate application technique (Moorfields. Safer

three years
Surgery System) are critical as, despite the gain in ease of use and safety, the failure rate of these

devices is significant without the appropriate use of antimetabolites.

2. New advances in scarring modulation post glaucoma filtration surgery

Scarring after glaucoma surgery is a critical determinant of long-term outcomes. Anti-metabolites
such as mitomycin-c (MMC) and Fluorouracil (5-FU) are used tormodulate conjunctival scarring after
trabeculectomy and significantly protect against surgical failure. MMC is shown to reduce IOP by
further 5mmHg when compared to placebo in primary trabeculectomies as well as in high risk
groups *°. Early iterations of the InnFocus microshunt showed that subconjunctival use of low dose
MMC intra-operatively during insertion has a greater surgical success rate at 1 year of 67%
(Bordeaux Il study) versus 42% (Bordeaux. | study) without MMC in advanced glaucoma cases 2.
Surgical success was defined as IOP <21mmHg with a reduction from baseline of >20% with or
without glaucoma medications and<with no further incisional procedure. A Phase 3 randomised
controlled trial (RCT) comparing InnFocus + MMC and trabeculectomy + MMC is underway with an
expected completion by July 2019. Anti-metabolites continue to have a critical role in GDD
surgeries.

Although antimetabolites have improved the survival of blebs after glaucoma surgery,
concerns.femainiregarding post-operative complications, such as but not limited to, ischaemic blebs,
corneal and scleral toxicity. Hypotony is more common at higher doses and prolonged exposure
times‘of MMC. As such more targeted antimetabolite delivery systems are being developed such as
hydrogels, liposomes and LDL-chitosan nanoparticles to decrease toxicity to healthy cells **%.

Small molecules identified to decrease scar formation during wound healing include
antibodies against vascular endothelial growth factor (VEGF) and transforming growth factor beta 2
(TGF-B2). A Cochrane meta-analysis found there was not enough evidence to support the use of
anti-VEGF by subconjunctival injection for control of wound healing in glaucoma surgery when

compared to control or MMC in patients with refractory glaucoma **. Anti-VEGF may have adjunctive



role with GFS for neovascular glaucoma, however, well designed RCTs are needed to prove this.
Phase Il studies investigating the efficacy subconjunctival administration of antibody TGF-2 (CAT
152) showed no difference between CAT 152 with placebo in preventing failure of primary
trabeculectomy *°. The outcome of this trial may have resulted from the lack of antagonist affinity to
different TGF isomers and also the extremely short half-life of subconjunctivally administered
antibodies. More recently, a phase |, first in human trial showed intravitreal injection of anti-sense
oligonucleuotide (ASO) targeting TGF-2, delivered immediately post trabeculectomy surgery with
MMOC, in patients with POAG was found to be safe ?°. This ASO has a longer half-life than that'of CAT
152, with pharmacodynamic effects lasting up to 8 weeks in preclinical testing and repeat dosing is
planned for phase Il clinical trials. It will be interesting to see if this proves to be a useful adjunct to
GFS in maintaining an anti-fibrotic effect post-operatively.

Continued progress has been made with Illomastat, a broad-spectrum matrix
metalloproteinases (MMP) inhibitor shown to reduce inflammation. and extracellular matrix
remodelling when injected subconjunctival in preclinical testing®’. llomastat can now be formulated
as an eye drop for topical administration after GFS. Preliminary results demonstrate adequate
conjunctival tissue penetration and therapeutic concentrations within sclera and conjunctiva and
aqueous humour 2. In vivo testing is still required to assess its efficacy in reducing scar formation.

Beta radiation is known to reduce scarring response in glaucoma patients by modulating
fibroblast activity and by causing cell cycle arrest. Beta radiation can be delivered as a single,
inexpensive and timely controlled dose. A meta-analysis pooling 4 RCTs, showed that patients who
received trabeculectomy with | beta ‘radiation had a lower risk of surgical failure versus
trabeculectomy alone *. More recently, Dhalla et al conducted a RCT directly comparing beta
radiation with 5-FU as adjuncts to phacotrabeculectomy, which found no difference between the
two arms in an African‘cohort.*°, and there are studies underway comparing beta-radiation to MMC
in trabeculectomy. There is a potential application for adjunctive beta radiation in high risk groups,
particularly with-new probes that can deliver equivalent doses in less than 30 seconds, but further

studies are warranted.

3. Summary

The challenges of glaucoma filtration surgery (GFS) are best tackled with a combined approach.
Essential to the enhanced efficacy of GFS are improved surgical techniques, optimal anti-scarring
therapies, and surgical devices that minimise hypotony, scarring and ocular toxicity. While we still do

not know the long-term success rates of MIGS devices, future developments may allow us to control



IOP at levels at which disease progression is halted with improved quality of life and cost

effectiveness.

&
O
(bﬁ\



Funding

This paper was not funded.

Declaration of interest

C Henein, RMH Lee & PT Khaw receive funding from the National Institute for Health Research
Biomedical Research Centre at Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of
Ophthalmology, the UK Medical Research Council, Moorfields Eye Charity, the Michael and llse Katz
Foundation, the Helen Hamlyn Trust and Fight for Sight (UK). The authors have no other relevant
affiliations or financial involvement with any organization or entity with a financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript apart from those

disclosed.

Reviewer Disclosures

Peer reviewers on this manuscript have no relevant financial relationships or otherwise to discloses.



References

Papers of special note have been highlighted as:

* of interest

** of considerable interest

1. Cheng JW, Ma XY, Wei RL. Efficacy of non-penetrating trabecular surgery for open angle
glaucoma: a meta-analysis. Chin Med J (Engl) 2004; 117(7): 1006-10.

2. Eldaly MA, Bunce C, Elsheikha OZ, Wormald R. Non-penetrating filtration surgery versus
trabeculectomy for open-angle glaucoma. Cochrane Database Syst Rev 2014; (2): CD007059.

3. Gedde SJ, Singh K, Schiffman JC, Feuer WJ. The Tube Versus Trabeculectomy Study:
interpretation of results and application to clinical practice. Current opinion in ophthalmology 2012;
23(2): 118-26.

4, Budenz DL, Barton K, Gedde SJ, et al. Five-year treatment outcomes‘in'the Ahmed Baerveldt
comparison study. Ophthalmology 2015; 122(2): 308-16.

5. Kaplowitz K, Schuman JS, Loewen NA. Techniques and outcomes of minimally invasive
trabecular ablation and bypass surgery. The Britishjournal of ophthalmology 2014; 98(5): 579-85.
6. Craven ER, Katz LJ, Wells JM, Giamporcaro JE. Cataract surgery with trabecular micro-bypass
stent implantation in patients with mild-to-moderate open-angle glaucoma and cataract: two-year
follow-up. Journal of cataract and refractive surgery 2012; 38(8): 1339-45.

7. Katz LJ, Erb C, Carceller GA, et al. Prospective, randomized study of one, two, or three
trabecular bypass stents in open-angle glaucoma subjects on topical hypotensive medication. Clin
Ophthalmol 2015; 9: 2313-20.

* Randomised control trial comparing multiple iStent implants

8. Myers JS, Masood. |, Hornbeak DM, et al. Prospective Evaluation of Two iStent((R))
Trabecular Stents, OneiStent Supra((R)) Suprachoroidal Stent, and Postoperative Prostaglandin in
Refractory Glaucoma: 4-year Outcomes. Adv Ther 2018; 35(3): 395-407.

9; Lavia C, Dallorto L, Maule M, Ceccarelli M, Fea AM. Minimally-invasive glaucoma surgeries
(MIGS) for open angle glaucoma: A systematic review and meta-analysis. PLoS One 2017; 12(8):
e0183142.

** Metaanalysis highlighting the need for high quality RCTs to evaluate MIGS procedures in POAG
10. SooHoo JR, Seibold LK, Radcliffe NM, Kahook MY. Minimally invasive glaucoma surgery:
current implants and future innovations. Canadian journal of ophthalmology Journal canadien

d'ophtalmologie 2014; 49(6): 528-33.



11. Pfeiffer N, Garcia-Feijoo J, Martinez-de-la-Casa JM, et al. A Randomized Trial of a Schlemm's
Canal Microstent with Phacoemulsification for Reducing Intraocular Pressure in Open-Angle
Glaucoma. Ophthalmology 2015; 122(7): 1283-93.

**Safety and efficacy evaluation of Hydrus microstent combined with cataract surgery

12. Vold S, Ahmed, Il, Craven ER, et al. Two-Year COMPASS Trial Results: Supraciliary
Microstenting with Phacoemulsification in Patients with Open-Angle Glaucoma and Cataracts.
Ophthalmology 2016; 123(10): 2103-12.

**Two years outcomes of CyPass microstent combined with cataract surgery

13. Lewis RA. Ab interno approach to the subconjunctival space using a collagen glaucoma stent.
Journal of cataract and refractive surgery 2014; 40(8): 1301-6.

14. Grover DS, Flynn WJ, Bashford KP, et al. Performance and Safety of a New Ab Interno Gelatin
Stent in Refractory Glaucoma at 12 Months. American journal of ophthalmology 2017; 183: 25-36.
15. Schlenker MB, Gulamhusein H, Conrad-Hengerer |, et al. Efficacy, Safety, and Risk Factors for
Failure of Standalone Ab Interno Gelatin Microstent Implantationversus Standalone
Trabeculectomy. Ophthalmology 2017; 124(11): 1579-88.

16. Kirwan JF, Lockwood AJ, Shah P, et al. Trabeculectomy in the 21st century: a multicenter
analysis. Ophthalmology 2013; 120(12): 2532-9.

17. Stalmans I, Gillis A, Lafaut AS, Zeyen T. Safe trabeculectomy technique: long term outcome.
Br J Ophthalmol 2006; 90(1): 44-7.

18. Batlle JF, Fantes F, Riss |, et al. Three-Year Follow-up of a Novel Aqueous Humor MicroShunt.
Journal of glaucoma 2016; 25(2):58-65.

*Three year outcomes of InnFocus microshunt alone or in combination with cataract surgery

19. Wilkins M, Indar A, Wormald R. Intra-operative mitomycin C for glaucoma surgery. Cochrane
Database Syst Rev 2005; (4): CD002897.

20. Pinchuk L, Riss'l, Batlle JF, et al. The development of a micro-shunt made from poly(styrene-
block-isobutylene-block-styrene) to treat glaucoma. J Biomed Mater Res B Appl Biomater 2017,
105(1): 211-21.

21. XiL, Wang T, Zhao F, et al. Evaluation of an injectable thermosensitive hydrogel as drug
delivery implant for ocular glaucoma surgery. PLoS One 2014; 9(6): e100632.

22. Shao T, Li X, Ge J. Target drug delivery system as a new scarring modulation after glaucoma
filtration surgery. Diagn Pathol 2011; 6: 64.

23. Simmons ST, Sherwood MB, Nichols DA, Penne RB, Sery T, Spaeth GL. Pharmacokinetics of a
5-fluorouracil liposomal delivery system. Br J Ophthalmol 1988; 72(9): 688-91.



24, Cheng JW, Cheng SW, Wei RL, Lu GC. Anti-vascular endothelial growth factor for control of
wound healing in glaucoma surgery. Cochrane Database Syst Rev 2016; (1): CD009782.

25. Group CATTS, Khaw P, Grehn F, et al. A phase Il study of subconjunctival human anti-
transforming growth factor beta(2) monoclonal antibody (CAT-152) to prevent scarring after first-
time trabeculectomy. Ophthalmology 2007; 114(10): 1822-30.

26. Pfeiffer N, Voykov B, Renieri G, et al. First-in-human phase | study of ISTH0036, an antisense
oligonucleotide selectively targeting transforming growth factor beta 2 (TGF-beta2), in subjectswith
open-angle glaucoma undergoing glaucoma filtration surgery. PLoS One 2017; 12(11): e0188899.
27. Suh W, Han KE, Han JR. Safety of Using Matrix Metalloproteinase Inhibitor in Experimental
Glaucoma Filtration Surgery. J Korean Med Sci 2017; 32(4): 666-71.

28. Mohamed-Ahmed AHA, Lockwood A, Li H, Bailly M, Khaw PT, Brocchini S. Anillomastat-CD
Eye Drop Formulation to Treat Ocular Scarring. Invest Ophthalmol Vis Sci 2017;58(9): 3425-31.

29. Kirwan JF, Rennie C, Evans JR. Beta radiation for glaucoma surgery. Cochrane Database Syst
Rev 2012; (6): CD003433.

30. Dhalla K, Cousens S, Bowman R, Wood M, Murdoch |. Is Beta Radiation Better than 5
Flurouracil as an Adjunct for Trabeculectomy Surgery When Combined with Cataract Surgery? A

Randomised Controlled Trial. PLoS One 2016; 11(9): e0161674.



Henein Headshot




RMH Lee Headshot









