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Purpose: To characterize the clinical outcomes of a novel ab interno minimally invasive procedure with the STREAMLINE®

Surgical System for creation of incisional goniotomies and canal of Schlemm viscodilation in eyes with mild to severe primary open-
angle glaucoma (POAG).
Methods: In a prospective, single-arm, first-in-human case series, 20 eyes of 20 subjects with mild to severe POAG underwent
creation of incisional goniotomies and canal of Schlemm viscodilation following phacoemulsification cataract extraction after washout
of all intraocular pressure (IOP)-lowering medications. The angle surgery portion was performed with a single-use handpiece tipped
with a microcannula that creates precise goniotomies through the trabecular meshwork into the canal of Schlemm and delivers a small
volume of ophthalmic viscosurgical device directly into the canal via precise catheterization. Outcomes in this interim analysis
included mean reduction in IOP and medications through 6 months of follow-up, as well as the proportion of eyes achieving IOP
reduction ≥20% from baseline.
Results: At month 6, mean IOP reduction of ≥20% from baseline was achieved in 89.5% of eyes (17/19). Mean (standard deviation)
medicated IOP at screening was 16.3 (3.6) mmHg and unmedicated baseline IOP (after washout) was 23.5 (2.5) mmHg. Mean IOP
was significantly reduced from baseline through 6 months of follow-up to 14.7 (2.4) mmHg (p<0.001), representing an IOP reduction
of 8.8 mmHg (36.9%). Overall, 57.9% (11/19) of eyes decreased dependence on IOP-lowering medications by at least one medication,
and 42.1% (8/19) were medication free. Mean medication use was reduced from 2.0 (0.8) at screening to 1.1 (1.1) at 6 months
(p<0.001). Three eyes had transient IOP spikes treated with topical medications.
Conclusion: The creation of incisional goniotomies and canal of Schlemm viscodilation safely and effectively reduced IOP and the
need for IOP-lowering medications by both clinically and statistically significant magnitudes in eyes with mild to severe POAG
undergoing concomitant phacoemulsification cataract extraction through the first 6 months of follow-up.
Keywords: trabecular meshwork, canal of Schlemm, viscodilation, MIGS, glaucoma, goniotomy

Introduction
Surgical glaucoma treatments have evolved significantly over the past decade, motivated in large part by the unmet need for
effective options to treat mild to moderate glaucoma without the risks associated with more traditional filtration procedures.1,2

In general, these procedures seek to enhance aqueous egress through the conventional aqueous humor outflow system by one
of three means: catheterizing and injecting viscoelastic into the outflow system to enhance its function (canaloplasty); incising
or excising the tissue (variations of goniotomy and trabeculotomy); or bypassing the trabecular meshwork (TM) with an
implantable stenting device (of which several are available).1–4

On October 8, 2021, the STREAMLINE® Surgical System (NewWorld Medical, Rancho Cucamonga, CA) was cleared
via the 510(k) pathway by the US Food and Drug Administration (FDA) for use during ocular surgery to deliver small
amounts of viscoelastic fluid. The single-use, disposable instrument consists of a surgical grade stainless-steel cannula and
a polymer handset. The stainless-steel cannula is comprised of a long thin neck that allows for access to the TM through
a clear corneal incision. The handset features an actuator button that, when fully depressed, retracts a polymer outer sleeve,
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allowing a stainless-steel inner cutting cannula tip to incise the TM, creating an incisional goniotomy 150 µm in diameter
into the canal of Schlemm while simultaneously delivering a small volume of ophthalmic viscosurgical device (OVD)
(approximately 7 µL per application) via focal incisional catheterization to viscodilate the canal, stretch the TM, and flush
the distal collector channels. Before use, the device is loaded with an adequate volume of OVD to perform up to eight
incisional goniotomies along several clock hours of the TM. The procedure can be performed either in combination with
cataract surgery or as a standalone procedure, broadening its applicability to both phakic and pseudophakic eyes.

Herein, we report a preliminary analysis of an ongoing first-in-human study of incisional goniotomies and canal of
Schlemm viscodilation in eyes with mild to severe primary open-angle glaucoma (POAG).

Methods
This is an ongoing prospective, nonrandomized, open-label, interventional first-in-human case series to characterize the
safety and IOP-lowering effectiveness of incisional goniotomies and canal of Schlemm viscodilation in patients with mild
to severe POAG undergoing cataract surgery at two centers in Mexico. Participating investigators are surgeons with
extensive experience performing anterior chamber angle-based glaucoma surgery. The protocol and consent form were
reviewed and approved by the Hospital Angeles Puebla ethics committee on November 10, 2020, and all study subjects
signed the informed consent. The trial was registered (www.ClinicalTrials.gov NCT04700189) on January 7, 2021. This
study followed all regulations laid down by the Declaration of Helsinki. The analysis presented in this report represents
interim data from the first 20 subjects enrolled and followed through the first 6 months postoperatively.

Eligible subjects were adults at least 22 years of age with mild to severe POAG in at least one eye currently treated
with one to three topical IOP-lowering medications who were scheduled for elective cataract surgery, whose preoperative
IOP after washout of all IOP-lowering medications was between 21 and 36 mmHg inclusive. Women of childbearing
potential, and patients with narrow or closed angles, advanced glaucoma (one or more of: visual field mean deviation
worse than −12 dB; sensitivity ≤10 dB in two or more of the four central test points; cup–disc ratio >0.8; inability to
safely undergo washout of IOP-lowering medications), any intraocular surgery in the prior 6 months or laser surgery in
the prior 3 months (or any prior history of laser iridotomy), best-corrected visual acuity (BCVA) worse than 20/80 in
either eye, or recent (prior 6 months) ocular inflammation or infection, were excluded.

Eligible subjects underwent a comprehensive screening assessment that included ascertainment of prior medical and
ocular history, BCVA, anterior and posterior segment examination, IOP, gonioscopy, and automated perimetry. Subjects
meeting eligibility criteria then initiated washout of IOP-lowering medications (28 days for prostaglandin analogues and
beta-blockers, 14 days for alpha-agonists, and 5 days for miotics and carbonic anhydrase inhibitors; combination
products based on the longest washout of components) and then attended a final eligibility visit at which the baseline
unmedicated IOP was established. If both eyes qualified, the eye with higher baseline unmedicated IOP became the study
eye (or the right eye if equal). Surgery was then performed as described below. Following surgery, assessments were
conducted 1 day, 1 week, and 1, 3, and 6 months postoperatively. Medication use, BCVA, IOP, and anterior segment
examination were performed at all visits; gonioscopy and posterior segment examination were performed at month 3.
IOP was measured by experienced study personnel using Goldmann tonometry. Two measurements were taken at each
assessment and averaged; a third was included if the first two differed by more than 3 mmHg.

The procedure was performed according to the manufacturer’s instructions for use5 following phacoemulsification
cataract surgery and intraocular lens implantation. Before use, the device was loaded with OVD. The patient’s head was
angled 45° away from the surgeon and the microscope angled 45° toward the surgeon. Under intraoperative direct
gonioscopic visualization, the instrument was advanced through the cataract surgery incision across the anterior chamber
to the nasal angle until the outer sleeve rested against the TM and slightly indented the tissue. The actuator button was
then fully depressed, leading to retraction of the outer sleeve and allowing the inner cutting cannula to perform an
incisional goniotomy. The actuator button was then held for 2 seconds to deliver the OVD into the canal of Schlemm.
The tip was then withdrawn from the TM, the button released, and the procedure repeated over several clock hours of the
drainage angle for a total of five to eight applications per eye. The postoperative medical regimen consisted of a fixed
combination of prednisolone and gatifloxacin or tobramycin dosed every 2 hours initially and tapered off over 35 days.
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The primary outcome measure of this ongoing study is the proportion of eyes with IOP reduction ≥20% from baseline at
month 12. As this is a first-in-human trial, all analyses are considered exploratory and no specific hypotheses were tested;
accordingly, the sample size was selected arbitrarily to represent an adequate data set with which to determine an estimate of
the primary outcome. For this interim analysis, the effectiveness outcomes assessed included mean change from baseline in
IOP and the mean change from screening (before washout) in the number of IOP-lowering medications; these were assessed
using paired t-tests. The proportion of eyes achieving a ≥20% IOP reduction from baseline, as well as those achieving target
IOP of <18 mmHg and <15 mmHg and those using fewer medications and no medications, all at month 6, were calculated.
Safety outcomes included the nature and frequency of intraoperative and postoperative adverse events.

Results
Twenty eyes of 20 subjects were analyzed. One patient did not complete postoperative follow-up visits; the remaining 19
were analyzed through 6 months of follow-up. Demographic and baseline glaucoma data are given in Table 1. Based on
the International Classification of Diseases 10th revision (ICD-10), eight eyes (40%) had mild glaucoma, eight eyes
(40%) had moderate glaucoma and four eyes (20%) had severe glaucoma. Because our exclusion criteria for advanced
glaucoma were more specific than the ICD-10 classification, eyes could have ICD-10 advanced glaucoma and still
qualify for this study.

Mean IOP data at each time point are given in Table 2 and Figure 1. Mean (standard deviation) medicated IOP at
screening was 16.3 (3.6) mmHg and unmedicated baseline IOP (after washout) was 23.5 (2.5) mmHg. Mean IOP was
significantly reduced from baseline as soon as the first postoperative day, to 13.7 (2.5) mmHg (p<0.001) and, after
stabilization, ranged from 14.2 to 14.7 mmHg at months 1–6 (p<0.001 at each time point). Mean IOP reduction after

Table 1 Demographic and Baseline Glaucoma Status
Data for the Study Sample (N=20)

Parameter Value

Age (years), mean (SD) 64

Gender, n (%)

Male 3

Female 17

Ethnicity, n (%)

Hispanic 20 (100)

Operative eye, n (%)

Right 10 (50)

Left 10 (50)

Number of IOP-lowering medications, n (%)

1 6 (30)

2 8 (40)

3 6 (30)

Glaucoma severity, n (%)

Mild 8 (40)

Moderate 8 (40)

Severe 4 (20)
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completion of postoperative steroid drops (at month 1 and beyond) ranged from 8.8 to 9.3 mmHg, representing percent
reductions ranging from 36.8% to 39.2%. At month 6, a mean IOP reduction of ≥20% from baseline was achieved in
89.5% of eyes (17/19); 94.7% of eyes (18/19) achieved IOP <18 mmHg and 47.4% (9/19) achieved IOP <15 mmHg.

Mean medication use data at each time point are given in Table 2 and Figure 2. Subjects used a mean of 2.0 (0.8)
medications at screening, and this was significantly reduced (p<0.001) at every postoperative time point. After post-
operative stability (month 1 and beyond), the mean number of medications used ranged from 1.0 to 1.1, representing a
mean reduction of 0.9–1.0 medications and percent reductions of 49.1–57.9%. At month 6, 57.9% (11/19) of subjects
were using fewer medications than at screening and 42.1% (8/19) were medication free.

Table 2 Mean IOP and Changes from Baseline at Each Visit (N=20)

Screening Baseline Day 1 Week 1 Month 1 Month 3 Month 6

Number of eyes 20 20 20 20 19 19 19

IOP (mmHg)

Mean (SD) 16.3 (3.6) 23.5 (2.5) 13.7 (3.2) 19.3 (7.8) 14.2 (2.3) 14.7 (2.1) 14.7 (2.4)

Mean (SD) change from baseline – – 9.8 (3.9) 4.2 (8.2) 9.3 (2.9) 8.8 (3.5) 8.8 (3.2)

Mean (SD) % change from baseline – – 41.1 (14.5) 17.0 (33.8) 39.2 (9.9) 36.8 (11.4) 36.9 (11.0)

Significance* – – <0.001 0.035 <0.0001 <0.001 <0.001

Medications (n)

Mean (SD) 2.0 (0.8) 0 (0) 0 (0) 0.4 (0.8) 1.0 (1.2) 1.0 (1.1) 1.1 (1.1)

Mean (SD) change from baseline – – 2.0 (0.8) 1.6 (1.0) 1.0 (0.9) 1.0 (0.9) 0.9 (0.9)

Mean (SD) % change from baseline – – 100 (0) 81.7 (38.2) 57.9 (48.2) 56.1 (47.2) 49.1 (47.6)

Significance* – – <0.001 <0.001 <0.001 <0.001 <0.001

Notes: *The p-value is for comparison of mean IOP at each time point to baseline. This is an ongoing study where data will be presented later. Data to be collected include
IOP, IOP-lowering medications, and safety; and will be deidentified. These pooled results will be analyzed and shared in a manuscript at the one-year mark. No other study
documents will be made available. This study complies with the Declaration of Helsinki and all subjects signed informed consent. The research was approved by Hospital
Angeles Puebla ethics committee because it is an external committee. Clínica Láser does not have its own IRB.

Figure 1 Mean IOP at each time point.
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The procedure was well tolerated in all eyes, with no intraocular complications related to the glaucoma procedure.
Three eyes experienced a steroid-related IOP elevation treated successfully with short-term topical medical therapy. One
eye was exited from the study at week one owing to accidental chemical exposure to the face of the patient, unrelated to
the study, that required care outside the study parameters.

Discussion
Preliminary analysis of this ongoing first-in-human study in eyes with mild to severe open-angle glaucoma demonstrates that
incisional goniotomies and canal of Schlemm viscodilation using the STREAMLINE Surgical System provide safe and effective
reduction of both IOP and the need for IOP-lowering medications through the first 6 postoperative months. At month 6, mean
IOP was reduced by 37% and medications by nearly 50% compared to preoperative values.

Creating incisional goniotomies and canal of Schlemm viscodilation over several clock hours of the drainage angle lowers
IOP through several potential mechanisms. The incisional goniotomy overcomes the well-documented resistance to aqueous
outflow caused by diseased TM.6,7 OVD delivery dilates the canal, stretches the TM, and flushes the distal collector channels.
The canal and collector channels are important post-TM sources of aqueous outflow resistance.8–12 Histology demonstrates
a reduction of approximately 50% in both cross-sectional diameter and outflow facility of the canal in glaucomatous versus
healthy eyes.10 The collector channels can also contribute to post-TMoutflow resistance, as elevated IOP can lead to herniation of
the canal’s inner wall into the collector channel ostia, causing obstruction.11 Thus, incisional goniotomies and canal of Schlemm
viscodilation address both TM and post-TM resistance to aqueous outflow.

Preliminary outcomes of incisional goniotomies and canal of Schlemm viscodilation compare favorably to outcomes
with TM bypass implants. In the pivotal trial evaluating the first-generation iStent combined with phacoemulsification,
mean medicated IOP reduction from unmedicated baseline to 12 months (6-month data not reported) was 8.4 mmHg, IOP
reduction of ≥20% was achieved in 66% of eyes, mean medication reduction was 1.4 medications, and 85% were
medication free.13 In the second-generation iStent Inject pivotal trial, two devices were implanted at the time of cataract
surgery.14 At 24 months (the only time point reported), mean unmedicated diurnal IOP reduction from baseline was 7.0
mmHg, IOP reduction of ≥20% from baseline was achieved in 75.8% of eyes, mean medication reduction was 1.2
medications, and 84% of eyes were medication free. In the Hydrus pivotal trial, 12-month results (6-month data not
reported) of combined surgery with phacoemulsification demonstrated mean diurnal unmedicated IOP reduction of 8.5
mmHg, and 85.9% of eyes with ≥20% IOP reduction from baseline; 24-month medication reduction (the only time point
reported) was 1.4 medications, and 78% of eyes were medication-free.15 The safety profile of these stents was similar to
that of incisional goniotomies and canal of Schlemm viscodilation, in that no serious adverse events were reported in any
of these approaches.

Figure 2 Mean medication use at each time point.
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OVD delivery with this newly described approach produces viscodilation of the canal of Schlemm and the distal collector
channels, similarly to canaloplasty procedures. Histologic analysis of human cadaver eyes injected with fluoresceinated OVD
demonstrated that incisional goniotomies and viscodilation deliver OVD throughout the entire canal and into the distal
collector channels after one application.16 The outcomes observed in this study compare favorably to commercialized forms
of canaloplasty, none of which has been evaluated in prospective regulatory trials. VISCO360 (Sight Sciences, Menlo Park,
CA) is an ab interno procedure requiring successive cannulation of each 180° half of the canal through a common goniotomy.
An 18-month study of eyes with mild to moderate open-angle glaucoma undergoing VISCO360 demonstrated mean IOP
reduction of 36% and mean medication reduction of 32%.17 In a pair of 12-month VISCO360 studies that evaluated
outcomes in eyes with mild to moderate open-angle glaucoma and high (≥18 mmHg) and low (<18 mmHg) baseline IOP,
mean IOP was reduced by 22–41% in high IOP eyes, while mean medication reduction was 45–89% in low IOP eyes; IOP
reduction of ≥20% was achieved in 87% of eyes, and 32–86% of eyes were medication free.18,19 Among studies of 12–24
months’ duration of canaloplasty performed with the iTrack® microcatheter (Nova Eye Medical, Fremont, CA; previously
reported as ab interno canaloplasty, or ABiC) in eyes with open-angle glaucoma, mean IOP reductions of 25–40% have been
reported, with 78.4% achieving IOP reductions of ≥20% from baseline; mean medication reductions of 39–97% and
medication-free rates of 25–80% have also been reported.20–25

Creating incisional goniotomies with concomitant canal of Schlemm viscodilation over several clock hours of the
drainage angle represents a meaningful advancement in the ongoing development of minimally invasive ab interno
procedures for patients with mild to severe glaucoma who seek reduction of IOP, IOP-lowering medications, or both.
The procedure provides incisional goniotomy and catheterization, potentially minimizing or eliminating the risk of canal
tissue damage related to difficult or false passage as seen with other cannulas currently in use, and leaves no
permanently implanted device, which eliminates the risk of implant-related complications, including occlusion and
migration. Implanted devices also pose a risk of corneal endothelial cell loss, most notably with glaucoma drainage
devices,26 but also with minimally invasive glaucoma implants27 and sustained-release glaucoma drug delivery
systems.28

Strengths of this study include its prospective design and use of an industry-standard primary outcome (≥20% reduction
in IOP from baseline).29 In addition, subjects in this study underwent washout of IOP-lowering medications preoperatively to
provide a more accurate estimate of surgical reduction of IOP. Limitations include both small sample size and short follow-
up; a larger sample is being collected, and follow-up is planned through 12 months for the full data set, including assessment
of pachymetry and specular microscopy, which will be collected at the final visit and compared to baseline values. Given that
this device has been cleared by the FDA and the instrument is available for use, the need to disseminate preliminary
outcomes data supports the reporting of this interim analysis. An additional limitation is the lack of a phacoemulsification-
only control group, as phacoemulsification alone is known to reduce both IOP and the need for IOP-lowering medications in
glaucomatous eyes.30 However, the magnitude of both IOP reduction and medication reduction in this study is significantly
greater than would be expected from phacoemulsification alone, supporting the efficacy of the incisional goniotomy
procedure. Also, the IOP outcomes presented in this interim analysis were not assessed after drug washout.

In summary, incisional goniotomy and catheterization with viscodilation of the canal of Schlemm over several clock
hours at the time of cataract extraction safely and effectively reduces IOP and the need for IOP-lowering medications by
both clinically and statistically significant magnitudes in eyes with medically controlled mild to severe POAG.
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