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Background: To evaluate the one-year safety and effectiveness of bio-interventional cyclodialysis and scleral reinforcement in open- 
angle glaucoma (OAG) patients undergoing cataract surgery.
Methods: An ab-interno approach was used to create a sectoral cyclodialysis in OAG patients who were prospectively followed in 
a consecutive case series. Subsequent visco-cycloplasty with scleral reinforcement using homologous minimally modified allograft 
scaffold was completed to maintain patency of the cyclodialysis reservoir and increase uveoscleral outflow. Outcomes were mean 
medicated IOP and mean number of IOP-lowering medications. Safety outcomes were adverse events (AEs) and best-corrected visual 
acuity (BCVA) changes.
Results: Successful cyclodialysis and allograft bio-scaffold reinforcement was achieved in 117 eyes. There was minimal intraoperatie 
bleeding and few post-operative adverse events. At baseline, mean BCVA was 0.48 (95% CI: 0.42‒0.54; 20/40 Snellen) and mean ± 
SD medicated IOP was 20.2 ± 6.0 mmHg on 1.4 ± 1.3 IOP-lowering medications. At 12 months, there was a 27.1% reduction from 
baseline mean medicated IOP. In eyes with medicated baseline IOP > 21 mmHg (n = 45), there was a 39.7% paired IOP reduction at 
12 months with a concurrent reduction in the mean number of IOP lowering medications to 0.8 ± 0.9 which were statistically 
significant (p < 0.01). For all eyes, 81.9% achieved a medicated IOP ≤ 18 mmHg with no increase in medications at 12 months. To 
achieve target IOP control, secondary glaucoma surgery was performed in 3.2% of the cases.
Conclusion: IOP lowering through uveoscleral outflow enhancement can be achieved by means of a bio-interventional cyclodialysis 
procedure with allograft scleral reinforcement.
Keywords: glaucoma, open-angle, intraocular pressure, cataract, allografts

Introduction
The worldwide prevalence of open-angle glaucoma (OAG), a leading cause of global blindness, exceeds 80 million, with 
more than 3 million cases in the US.1,2 Surgical approaches for glaucoma treatment aim to lower IOP by increasing 
aqueous drainage and outflow.3–6 While the majority of the outflow enhancing surgical procedures augment the 
trabecular outflow pathway, few surgical options exist for the other major outflow pathway – the uveoscleral pathway. 
The cornerstone of surgical outflow enhancement of the uveoscleral pathway remains the cyclodialysis procedure.7–10 As 
early as 1905 Heine first devised and reported the creation of surgical cyclodialysis to create an adjunct aqueous conduit 
for uveoscleral outflow enhancement,11 and later in the mid 1900s it was recognized widely as a treatment modality for 
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open angle and aphakic glaucoma. Various modifications of the primary surgical technique have been tried including 
a combination of procedures of cyclodialysis with viscoelastic or other implantable material for improved structural 
support and durability.

From a mechanistic standpoint, physiologic studies inform of a dual mechanism of IOP lowering after 
a cyclodialysis– both through increased uveoscleral outflow as well as reduction in aqueous production from the detached 
ciliary body.12,13 In the last decade, with the advent of more targeted interventional approaches, there has been increased 
interest in more advanced approaches and surgical techniques, which can offer much-needed access to one of the major 
remaining untapped outflow pathways for aqueous egress.14–16

Bio-reinforced cyclodialysis technique using adjunct allogeneic scleral tissue scaffolding as reinforcement can be 
a natural solution to the premature closure of cyclodialysis intervention by maintaining a permanent uveoscleral conduit 
for aqueous outflow. An internal uveoscleral filtration reservoir is thus supported by the allogeneic bio-scaffold which 
acts as a biologic non-absorbable spacer between the ciliary body and the adjacent scleral wall. Scleral allograft tissue 
has been safely used for decades in glaucoma surgery as a reinforcement adjunct to conventional subconjunctival 
aqueous drainage implants.17 From a material science and bio-compatibility perspective, scleral allograft tissue offers 
significant advantages to exogenous implantable hardware. Its acellular collagen matrix properties are homologous to the 
surrounding tissue and offer durability, structural stability, permeability, and hydrophilicity.18 It has been well established 
that implant material properties are critical to the healing, rejection, and inflammatory reaction of the surrounding tissues. 
One of the most salient determinants of implant fibrosis, granulomatous inflammation, and macrophage activation is the 
stiffness mismatch between the implant and the physical/elastic properties of the surrounding tissues.10 Minimizing this 
gap by matching the stiffness of the implant to the surrounding tissue can improve implant biocompatibility.19 Optical 
coherence tomography (OCT) imaging of the scleral allograft confirms its homogeneity and compatibility to the native 
supraciliary anatomy (Figure 1) – in distinct contrast to synthetic implants.20–22 Such bio-conforming and bio-compatible 
material properties are well suited for surgical application as a natural substrate for intraocular structural reinforcement, 
stenting, scaffolding or stabilization.

Here, we report long-term results and clinical experience with bio-scaffolded cyclodialysis (BSC) intervention for the 
enhancement of uveoscleral outflow and internal aqueous filtration in patients with OAG.

Methods
We report on the consecutive case series of OAG patients with mild, moderate, or severe visual field loss who underwent 
ab-interno BSC using a homologous donor scleral allograft by 12 surgeons from the CREST US and OUS clinical study 
(clinicaltrials.gov NCT05506423). The CREST clinical study is a real-world evidence registry where patients are 
followed prospectively through 24 months after undergoing cyclodialysis intervention. The study protocol adhered to 
the tenets of the Declaration of Helsinki and was approved by the WCG central institutional review board (Princeton, 
NJ). Eligible patients had to meet the criteria of confirmed primary OAG with open angles Shaffer grade 3+ in all 4 
quadrants, operable cataract, and no exclusionary co-morbidities such as prior incisional glaucoma surgery, potentially 

Figure 1 OCT gonio-imaging of implantable hardware materials vs allograft biotissue: (A) Ahmed™ glaucoma drainage device, (B) MiniJect™ supraciliary device and (C) 
AlloFlo™ allogeneic scleral bio-scaffold. The homologous bio-conforming non-rigid allograft is positioned in an AC-clear endoscleral deployment at the iris root.
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sight-threatening visual field loss within central 10°, or clinically significant corneal opacity. OAG patients were enrolled 
and had received standard-of-care pre-operative workup prior to the combined cataract and glaucoma procedure. 
Informed consent was obtained from eligible patients prior to enrolment in the study.

Allograft Bio-Scaffold Scleral Implant
The allograft bio-scaffold is prepared using a proprietary minimal modification and manipulation process (Iantrek, Inc.) 
from donor acellular scleral allogeneic tissue from an eye tissue bank following standard screening protocols for 
infectious disease. The biotissue is packaged sterile with a 1-year shelf life. Dimensionally, the allograft is an elongated 
micro-trephined construct 5-mm in length and 500-microns in width.

Bio-Interventional Cyclodialysis Procedure with Scleral Reinforcement
Procedurally, the scleral reinforcement is done using advanced instrumentation and surgical technique for ab-interno 
intervention. In eyes undergoing a concurrent cataract procedure, the cyclodialysis and scleral reinforcement interven-
tions are performed following the phacoemulsification surgery. Topical anaesthesia with or without intracameral 
lidocaine was employed as per the investigator’s standard protocol. The eye and microscope are positioned for standard 
gonio-intervention.22 After achieving adequate visualization and confirming open-angle anatomy, the cyclodialysis 
procedure is performed to dissect and separate the ciliary body from the scleral wall in order to create a sectoral 1–2 
clock hours of dialysis using micro-surgical cyclodialysis instrumentation. Visco-cycloplasty is then performed with 
injection of an ophthalmic viscoelastic device (OVD), with sufficient volume to augment the cleft and create an internal 
reservoir, as well as to tamponade any reflux bleeding.

After the cyclodialysis and cycloplasty interventions, the allograft spacer deployment procedure is undertaken for 
reinforcement of the endoscleral wall around the cyclodialysis. The allograft bio-scaffold is inserted between the ciliary 
body at the endoscleral plane using the CycloPen interventional system (Iantrek Inc., White Plains, NY). Precise 
anatomic placement is important for AC-clear deployment with the proximal end of the bio-tissue positioned “flush” 
with the iris root (Figure 2). Irrigation/aspiration is performed to evacuate any viscoelastic. Before completion of the 
surgery, gonio-confirmation is done to verify implant position. A standard postoperative regimen of topical antibiotics 
and steroids is indicated for 30 days post-op (fourth-generation fluoroquinolone and prednisolone 4×/day), and patients 
return for follow-up examinations at 1 day, 1-week, 1-month, 6-months, and 12-months.

Data Analysis
Outcome measures were collected for ocular safety, medication burden and IOP. Continuous data are expressed as mean 
± SD, with differences in starting versus 12-month IOP and medication numbers compared using paired two-tailed t-tests. 
Categorical data are presented as numbers and percentages and were compared where indicated using Fisher's exact test 
with 2×2 contingency tables. Statistical significance was defined as p < 0.05. Statistical and graphing software included 
Excel (Microsoft Corp., Redmond, WA) and Prism v.9.0 (GraphPad Software, La Jolla, CA).

Results
The consecutive case series comprised 117 eyes of 89 patients (28 bilateral) with OAG that had undergone micro- 
interventional cyclodialysis and allograft scleral reinforcement prior to February 14, 2023, and had long-term evaluable 
data at either the 6- or 12-month timepoint. Of the 117 eyes, there were 12 eyes of 9 patients (3 bilateral), which did not 
have evaluable data at the 12M timepoint in the registry due to loss to follow-up.

Demographic and baseline characteristics of the subjects are presented in Table 1. Mean medicated IOP was 20.2 ± 
6.0 mmHg, and subjects used 1.4 ± 1.3 IOP-lowering medications. At 12 months post-operatively (n = 105), mean ± SD 
IOP was 13.9 ± 3.9 mmHg, and the mean ± SD number of IOP lowering medications was 0.8 ± 0.9 (Figure 3). The 
6.3mm reduction in mean medicated IOP from baseline through 12 months post-operatively was statistically significant 
(p < 0.01). Additionally, 86 out of 105 eyes evaluable at 12M (81.9%) achieved a medicated IOP of ≤18 mmHg while on 
the same or fewer medications. Of eyes with baseline IOP ≥ 21 mmHg evaluable at 12M (n = 45), mean medicated IOP 
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reduced pairwise by 39.7% by 12M, and 38 (84.4%) eyes achieved a medicated IOP reduction ≥20% while on the same 
or fewer medications.

There were no vision-threatening intraoperative or postoperative complications (Table 2). In most cases, there was 
minimal blood reflux from the cyclodialysis cleft, which was not associated with any significant postoperative hyphema. 
No cases of severe or persistent inflammation or hyphema occurred, and no biotissue migration or corneal touch was 

Figure 2 Imaging of the bio-reinforced cyclodialysis post-operatively. The allograft is shown within the transparent CycloPen™ micro-interventional delivery system during 
implantation (A). After implantation, gonioscopy shows the allograft bio-scaffold in proper position without anterior chamber prominence (B); Ultrasound bio-microscopy 
images of the allograft bio-tissue post-implantation demonstrating endoscleral reinforcement of the cyclodialysis cleft. (cross-sectional (C); and longitudinal (D)). 
Homologous allograft material is iso-dense on OCT imaging and nearly indistinguishable from native scleral tissue.

Table 1 Baseline Characteristics

Sample size, eyes, N 117

Patients, N 89

Age, mean ± SD, years 70.4 ± 8.7

Ethnicity

White, non-Hispanic, n (%) 32 (27.3%)
White, Hispanic, n (%) 50 (42.7%)

Black, n (%) 35 (29.9%)

Gender: female, n (%) 63 (53.8%)

(Continued)
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observed through the 12-month follow-up period. Transient numeric hypotony, defined as less than 6 mmHg without 
visually significant sequelae, occurred in 1 eye and at the 1-week visit and recovered by the 1M visit, and was controlled 
at 14 mmHg on 1 medication by 12M.

There were 3 patients who developed cystoid macular edema (CME) in the setting of a concurrent phaco procedure, 
which the investigators determined were not attributable to the glaucoma intervention (Table 2). All of those were mild, 
transient, not associated with significant vision loss, and resolved completely in the postoperative period. In one case, the 
CME was in the setting of pre-proliferative diabetic retinopathy. A single patient with a macular fold was in the setting of 
uneventful cataract and glaucoma surgery. The patient’s post-operative IOP was consistently above 7 mmHg and was not 
associated with macular edema or persistent iritis. There was no decrease in visual acuity and achieved full resolution 
during the study follow-up period.

There were 9 eyes (7.7%) which experienced post-operative IOP elevation, defined as IOP ≥ 30 mmHg. Two eyes 
(1.7%) received adjunct SLT to achieve target IOP control, including one which had previously received YAG laser 
treatment for iris synechia. One eye (0.8%) underwent a paracentesis at 2 weeks post-op. Intraocular surgical intervention 
for additional IOP control was needed in 4 eyes (3.2%): one case of an Ahmed valve (New World Medical, Rancho 
Cucamonga, CA, USA), one eye a XEN gel stent (Allergan, Naperville, IL, USA), two cases of CPC where one was in 

Table 1 (Continued). 

Eyes undergoing concomitant phaco-emulsification cataract surgery 108 (96.4%)

Baseline BCVA, medicated, mean decimal value (95% CI) 0.48 (0.42–0.54)

Baseline IOP, mmHg, mean ± SD 20.2 ± 6.0

Number of IOP-lowering drugs, mean ± SD 1.4 ± 1.3

Abbreviations: BCVA, Best Corrected Visual Acuity; IOP, Intra-Ocular Pressure.

Figure 3 The mean ± SD IOP was statistically significantly (p<0.001) lower than baseline at all available timepoints through M12, with a 27.1% paired reduction at M12 vs 
baseline. (*p<0.01).
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combination with a goniotomy. Additionally, 3 cases (2.6%) had follow-on procedures related to the phaco procedure and 
not related to the glaucoma intervention (Table 3).

Overall visual acuity increased from an average baseline BCVA of 0.48 decimal (20/40 Snellen; 0.30 LogMAR) to 
0.77 decimal (20/28 Snellen; 0.15 LogMAR) at 12 months consistent with the phaco cataract procedure.

There were a total of 59 eyes with available preoperative and 12M endothelial cell count (ECC) data. The mean ± SD 
endothelial cell density at baseline and at 12M were 2390.0 ± 445.8 and 2235.4 ± 377.9, respectively. There were no eyes 

Table 3 Secondary Surgical Interventions Related to Cataract and 
Glaucoma Procedures

Intervention Number of Eyes 
N=117

Secondary Phaco-Related Interventions 3 (2.6%)

Cortical remnant removal from phaco procedure 1 (0.8%)

YAG laser capsulotomy 2 (1.7%)

Secondary Glaucoma Surgeries 4 (3.2%)

Cyclophotocoagulation 1 (0.8%)

Goniotomy with adjunct Cyclophotocoagulation 1 (0.8%)

Ahmed valve 1 (0.8%)

Xen gel stent 1 (0.8%)

Additional Non-invasive Procedures 4 (3.2%)

Paracentesis 1 (0.8%)

YAG laser for iris synechia lysis 1 (0.8%)

Selective laser trabeculoplasty 2 (1.7%)

Table 2 Intraoperative and Postoperative Adverse Events Within 12 Months 
Following Bio-Interventional Cyclodialysis with Allograft Scleral Reinforcement

Safety Outcome Events, n (%)

>2 lines drop in BCVA, n (%) 0 (0%)

Persistent inflammation (>1M), n (%) 0 (0%)

Severe inflammation (grade 4+), n (%) 0 (0%)

Biotissue migration, n (%) 0 (0%)

Biotissue-corneal touch, n (%) 0 (0%)

Persistent corneal edema (>1M), n (%) 0 (0%)

Transient post-op IOP elevation, n (%) 9 (7.7%)

Transient hyphema greater than 2 mm present after 1 day postoperatively 3 (2.6%)

Transient hypotony, no visual sequelae 1 (0.8%)

Transient macular edema (phaco surgery-related) 4 (3.4%)

Zonular dehiscence during phaco surgery 1 (0.8%)

Abbreviations: BCVA, Best Corrected Visual Acuity; IOP, Intra-Ocular Pressure.
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with greater than 25% endothelial cell loss and the 6.5% mean reduction in ECD is in the range reported for stand-alone 
phaco-emulsification cataract intervention.23

Discussion
This study provides results from our clinical experience with a bio-interventional surgical procedure for uveoscleral 
outflow enhancement using cyclodialysis with scleral allograft reinforcement for internal aqueous filtration. In 117 eyes, 
we demonstrate a robust physiologic effect of IOP lowering and medication reduction through 12 months of follow-up in 
patients undergoing a concurrent cataract procedure. In addition, the surgical safety shows no unanticipated or other 
serious treatment-emergent adverse events in this rather large consecutive case series – an encouraging safety profile 
likely related to the minimally invasive nature of the cyclodialysis technique as well as the biocompatible and bio- 
conforming profile of the homologous allogeneic material. In addition, the results demonstrate stability, retention, and 
long-term biocompatibility and durability of the allograft bio-matrix as well as the reinforced cyclodialysis conduit for 
internal filtration.

The IOP-lowering effect of trabecular outflow interventions is well established, both in the setting of concurrent 
cataract surgery and as a standalone procedure.24–28 The results of BSC compare favorably with the effectiveness seen 
from other real-world evidence glaucoma interventional studies in a similar cohort of patients (all-comers with respect to 
baseline medicated IOP range). Bio-reinforced cyclodialysis demonstrates significant IOP lowering (6.3 mmHg IOP 
reduction) through 1 year, alongside a reduction in IOP-lowering medication burden. With all the caveats of cross-study 
comparison and lack of direct head-to-head trial, the outcomes with uveoscleral outflow enhancement exceed the results 
reported with the real-world use of trabecular stent implants such as Hydrus and iStent inject (Table 4), where the IOP 
lowering effect is modest with 3.1 and 2.2 mmHg IOP reductions, respectively, through 2 years of follow-up.29 Our 
population included more advanced glaucoma patients whose pre-operative medicated IOP baseline was higher compared 
to the study population of trabecular stents, which could also be contributing to the larger effect size.

When considering a subset of subjects with a baseline IOP over 18 mmHg (n = 68), the IOP-lowering effect was even 
more profound and increased from 6.3 mm Hg to 8.6 mm Hg (a 39.7% paired IOP reduction).

Both the cyclodialysis procedure and the scleral reinforcement procedures were well tolerated, demonstrating 
a MIGS-like safety profile without interfering with the outcomes and the follow-up of phaco-cataract surgery. The 

Table 4 Comparison to Trabecular Outflow Enhancement from Real-World Interventional Studies with iStent and Hydrus 
versus Uveoscleral Outflow Enhancement with Bio-Reinforced Cyclodialysis

Hydrus29 

N=120 
2-Year

iStent 
inject29 

N=224 
2-Year

Bio-Interventional  
Cyclodialysis with Allograft Scleral 

Reinforcement 
N=117 
1-Year

In combination with cataract surgery Yes Yes Yes

Baseline medicated IOP, mmHg 18.1 ± 5.5a 16.3 ± 4.4 20.2 ± 6.0

Final medicated IOP, mmHg 15.1± 5.0 14.1± 4.2 13.9 ± 3.9

Mean IOP Change, mmHg −3.1 −2.2 −6.3

Baseline Medications, n 2.1 ± 1.2 1.5 ± 1.2 1.3 ± 1.1

Final Medications, n 1.3 ± 1.4 0.8 ± 1.2 0.8 ± 0.9

Mean Change in Medications (95% CI), n −0.8 −0.8 −0.5

Complete success, 18 mmHg, nb 15.8% 22.3% 26.7%

Notes: aData provided as mean ± SD or mean (95% CI range), as appropriate. bComplete success was defined as ≥20% IOP reduction with final IOP ≤ 
18 mmHg with 0 glaucoma medications used at the endpoint.
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flexible and homologous nature of the acellular allogeneic bio-matrix showed no significant intraocular reaction with no 
appreciable increase in iritis, which is consistent with the expectations of an inert, biocompatible material. The non- 
slippery non-rigid biomechanics of the scleral allograft may explain the lack of tissue migration in the post-operative 
period. This further highlights an essential aspect of corneal and endothelial safety where the bio-scaffold is fully 
protected within the cleft with no protruding or rigid hardware in the anterior chamber – an important attribute of this 
interventional approach.

Control of foreign body reaction, fibrovascular response and premature cyclodialysis “restenosis” and closure can be 
transformational to the clinical utility and application of one of the oldest conventional glaucoma surgeries. In the age of 
new interventional approaches for IOP lowering, combining two well-established and known surgical modalities, namely 
cyclodialysis and scleral allograft reinforcement, in a synergistic surgical framework to create improved ab-interno 
intervention for uveoscleral outflow enhancement is compelling.

While this study is informative, certain inherent limitations need to be highlighted. This is a consecutive case-series 
from a real-world, prospective, observational registry. There was no standardization of pre-operative, operative and post- 
operative care, all of which were a factor of the surgeon’s individual judgment and preference. There was no protocolized 
schedule on medication re-introduction or clinical rescue. It is nevertheless encouraging to see that neither the IOP 
efficacy nor the medication effect was attenuated by variable standard-of-care practice patterns of the individual 
physicians. Surgeons also tended to enroll more patients with moderate glaucoma, especially early in their surgical 
experience – whether because of tailored expectations from a uveoscleral outflow enhancing procedure or guarded 
conservative enrolment early in the learning curve. This may also account for the more robust efficacy seen compared to 
trabecular stents given the higher baseline medicated IOP. Nevertheless, 49.6% of patients were mild glaucoma with 
medicated IOP below 18mmHg. The vast majority of cases were combined with phacoemulsification cataract surgery, so 
the IOP lowering effect reflects the inherent contribution of the cataract procedure, which we know from the MIGS 
literature is additive to the glaucoma procedure. The profound efficacy seen in this uncontrolled investigation as 
compared to outcomes from other MIGS studies is reassuring and informative. In previous trabecular implant RCT 
studies, there is an incremental IOP lowering effect over phaco alone of approximately 1–2 mmHg.30 Notably, our study 
effect size is robust and sustained across a significant sample size of patients over 12 months, but certainly no surrogate 
or substitute for surrogate randomized data. Another limitation of our study is that medication terminal washout is 
impossible with real-world evidence studies, which makes it difficult to isolate the effects of concomitant IOP-lowering 
eye drop use. Such is also the case with specular microscopy, which is not standard-of-care and not available in most 
clinics. Certainly, this is less clinically applicable with a clear-chamber cyclodialysis bio-interventional procedure where 
there is no protruding rigid hardware into the anterior chamber. It is also encouraging to see low levels of endothelial cell 
loss in the subset of sites where specular microscopy was available, which is consistent with reported levels for stand- 
alone phaco cataract surgery.23

In conclusion, our results inform an improved technique and advancement of the cyclodialysis surgical paradigm with 
a novel bio-interventional approach using allograft scleral reinforcement. This can achieve sustained and enhanced 
internal outflow through the uveoscleral pathway and provide much-needed treatment options for IOP-lowering in 
glaucoma patients.

Data Sharing Statement
Data of the clinical trial results of the CREST investigation (NCT05506423) will be shared and publicly available on 
clinicaltrials.gov consistent with the Applicable Clinical Trial guidelines for results availability of the NIH/ 
Clinicaltrial.gov registration. The results will be posted on the cliniclatrials.gov website after the conclusion of the 
study.
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