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Purpose: To characterize clinical outcomes of transluminal dilation of the canal of Schlemm using the STREAMLINE Surgical System 
combined with phacoemulsification in eyes of Hispanic patients diagnosed with mild to moderate primary open-angle glaucoma.
Methods: This was a prospective analysis of all cases performed and followed up to 12 months. All eyes underwent medication 
washout preoperatively. Reduction in intraocular pressure (IOP) from unmedicated baseline, as well as medications from pre-washout 
baseline, were analyzed at postoperative Day 1, Week 1, and Months 1, 3, 6, 9, and 12.
Results: All 37 patients were Hispanic, 83.8% were female, and mean (standard deviation) age was 66.0 (10.5) years. Mean 
medicated preoperative IOP was 16.9 (3.2) mmHg using a mean of 2.1 (0.9) medications, unmedicated baseline IOP (after washout) 
was 23.2 (2.3) mmHg, and mean IOP at every postoperative study visit was significantly lower (p<0.0002). Mean IOP from month 1 
through the first postoperative year ranged from 14.7–16.2 mmHg, representing a reduction of 7.0–8.5 mmHg (30.7–36.5%). At month 
12, 80% of all eyes (28/35) and 77.8% of medication-free eyes (14/18) had IOP reduction ≥20% from unmedicated baseline, and 
51.4% of eyes (18/35) were medication-free. Mean medication use was significantly reduced (by 59.9–74.6%, p<0.0001) at every 
postoperative study visit. The only adverse event occurring in >1 eye was high IOP (n=4) which was responsive to topical medical 
therapy; no adverse events were attributed to the transluminal dilation procedure.
Conclusion: Transluminal dilation of the canal of Schlemm using the STREAMLINE Surgical System combined with phacoemulsi-
fication safely and effectively reduced both IOP and dependence on IOP-lowering medications in a Hispanic population diagnosed 
with POAG and should be considered at the time of phacoemulsification in Hispanic patients who have a need for IOP reduction, 
medication reduction, or both.
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Introduction
The past decade has seen a significant expansion of surgical options for the management of glaucoma. Novel bleb-based 
subconjunctival filtering procedures, trabecular meshwork (TM) bypass procedures, suprachoroidal filtration procedures, 
and viscodilation procedures of the canal of Schlemm have all been developed and evaluated for the treatment of various 
forms of glaucoma.1–3 The impetus for this innovation is the desire for a glaucoma procedure that can achieve therapeutic 
goals without the risks of traditional trabeculectomy or tube-shunt surgeries.4,5

The TM is considered the primary site of aqueous humor outflow obstruction leading to elevated intraocular pressure 
(IOP) and the development of glaucomatous optic neuropathy.6,7 In glaucomatous eyes, additional outflow resistance is 
found distal to the TM, in the canal of Schlemm and collector channels.8,9 Various techniques for transluminal dilation of 
the canal of Schlemm have been developed as a means of enhancing outflow in post-TM structures.
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The STREAMLINE™ Surgical System (New World Medical, Rancho Cucamonga, CA) is an FDA-cleared instru-
ment for delivering small volumes of viscoelastic during ocular surgery. The single-use, disposable instrument consists of 
a polymer handset tipped with a surgical grade stainless-steel cannula comprised of a long thin neck that accesses the TM 
through a clear corneal incision. An actuator button on the handset, when depressed, retracts a polymer outer sleeve to 
facilitate positioning of the inner cannula into the canal of Schlemm and allowing the internal pump to deliver a small 
amount of ophthalmic viscoelastic fluid (approximately 7 uL per actuation). The product is designed to provide 
a maximum of 8 total deliveries of ophthalmic viscoelastic. The procedure can be performed either as a standalone 
surgery or in combination with cataract surgery.

Glaucoma related-health disparities exist in the Hispanic population. Glaucoma is a leading cause of blindness in 
Hispanics.10 Its prevalence is approximately twice as common in Hispanics compared with whites, and increases more 
rapidly with age than any other ethnic group.11 Hispanics are less likely to undergo glaucoma testing12 and less likely to 
be treated for glaucoma than whites.13

In this report, we characterize 12-month efficacy and safety of transluminal dilation of the canal of Schlemm using the 
STREAMLINE Surgical System combined with cataract surgery in eyes of Hispanic patients diagnosed with mild to 
moderate primary open-angle glaucoma (POAG).

Methods
This was a 12-month prospective, interventional case series conducted at a single center in Mexico (two sites were 
activated but only one enrolled subjects). The study protocol and the consent form underwent review and approval by the 
Comites de Investigacion y Etica en Investigacion del Hospital Angeles Puebla. All participants provided written 
informed consent to enter the study. The trial was registered on www.ClinicalTrials.gov (NCT04700189) and conducted 
in accordance with the tenets of the Declaration of Helsinki. Reasonable requests for sharing of deidentified data will be 
considered by the investigators.

Subjects were eligible to participate if they were at least 22 years old, with mild to moderate POAG in one or both eyes, 
under treatment with at least 1 and up to 3 topical glaucoma medications and scheduled to undergo elective cataract surgery. 
One subject was previously classified in an interim report as having severe POAG.14 Analysis of visual field testing at the time 
of writing this article established that a classification of moderate glaucoma was more appropriate and the patient was 
reclassified accordingly. Prior to surgery, IOP-lowering medication washout was undertaken, and subjects whose preoperative 
unmedicated IOP was between 21–36 mmHg, inclusive, were enrolled. Exclusion criteria comprised women with the potential 
to become pregnant, patients with closed or potentially occludable angles, advanced glaucoma (visual field mean deviation 
worse than −12 dB; sensitivity less than or equal to 10 dB in two or more of the four central test points; cup-disc ratio greater 
than 0.8; inability to safely undergo IOP-lowering medication washout, any recent intraocular surgery (within the six months 
preceding study entry) or laser surgery in the three months prior (or any prior history of laser iridotomy), best-corrected visual 
acuity (BCVA) worse than 20/80 in either eye, or recent ocular inflammation or infection in the preceding six months.

Potential participants received a full ocular examination including recording of prior medical and ocular history, 
BCVA, examination of the anterior and posterior segments, IOP measurement with Goldmann tonometry (mean of 2 
measurements or 3 if the first 2 differed by more than 3 mmHg), gonioscopy, and automated visual field assessment. 
Qualifying subjects ceased using IOP-lowering medications for a washout period (a minimum of 28 days for prosta-
glandin analogues and beta-blockers, 14 days for alpha agonists, and 5 days for miotics and carbonic anhydrase 
inhibitors; washout of combination products was based on the component with the longer washout). Unmedicated 
baseline IOP was established after completion of the washout. If both eyes met eligibility criteria, the study eye was 
the eye with higher baseline unmedicated IOP (or, if equal, the right eye was the study eye). The surgical procedure is 
described below. Postoperatively, subjects were reassessed at 1 day, 1 week, and 1, 3, 6, 9, and 12 months after surgery. 
At all visits, IOP-lowering medication use, BCVA, IOP, and anterior segment examination were recorded; at months 3 
and 12, gonioscopy and posterior segment examination were repeated.

All glaucoma procedures were performed by a single surgeon. The transluminal dilation procedure was performed as 
described in the manufacturer’s instructions for use15 and followed cataract extraction by phacoemulsification cataract 
surgery and intraocular lens implantation. Before use, the device was loaded with ophthalmic viscoelastic fluid. Head and 
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microscope position were adjusted such that the patient’s head was tilted 45° from the surgeon and the microscope tilted 
45° toward the surgeon. Using intraoperative gonioscopy for visualization, the STREAMLINE Surgical System device 
tip was advanced through the phacoemulsification incision to the nasal drainage angle. The device’s outer sleeve was 
placed adjacent to the TM without indenting the anterior wall of the canal. The actuator button was depressed, which 
retracted the outer sleeve and positioned the inner cannula within the canal of Schlemm and held for 2 seconds to deliver 
viscoelastic fluid into the canal. The device’s tip was then removed from the TM, the actuator button was released, and 
the procedure repeated over several clock hours of the drainage angle until 5–8 applications were administered per eye. 
Postoperatively, a fixed combination of prednisolone and either gatifloxacin or tobramycin was prescribed for use every 2 
hours with a 4-week taper.

The study’s primary outcome was the percentage of eyes with IOP reduction of 20% or greater from baseline to 
month 12. Other outcome measures were the mean change from post-washout baseline in IOP and the mean change from 
pre-washout screening in IOP-lowering medication use. All outcomes were analyzed by two-tailed paired t-tests with 
alpha of 0.05 taken as the level of significance. The percentage of eyes achieving target IOP of less than 18 mmHg and 
less than 15 mmHg, as well as the percentage of eyes using fewer medications and no medications, were calculated at the 
12-month time point. Safety assessment was characterized by tabulating the incidence of intra- and postoperative adverse 
events. Consistent with first-in-human trials, the analyses undertaken in this study were exploratory and not intended to 
test any prespecified hypotheses. Therefore, an arbitrary sample size was enrolled to ensure adequate estimation of the 
primary outcome.

Results
A total of 37 eyes of 37 patients were included in this analysis. Demographic and glaucoma status data are shown in 
Table 1. All 37 patients were Hispanic, 83.8% were female, and mean (standard deviation) age was 66.0 (10.5) years. All 

Table 1 Demographic and Baseline Glaucoma Status Data 
for the Study Sample (n=37*)

Parameter Value

Age (yr), mean (SD) 66.0 (10.5)

Gender, n (%)

Male 6 (16.2)

Female 31 (83.8)

Ethnicity, n (%)

Hispanic 37 (100)

Operative eye, n (%)

Right 20 (54.1)

Left 17 (45.9)

Number of IOP-lowering medications, n (%)

1 12 (32.4)

2 10 (27.0)

3 15 (40.5)

Mean (SD) Visual field mean deviation −4.66 (3.52)

Notes: *Patients completing 12 months = 35 (1 subject withdrew consent and 
1 subject exited early due to an adverse event).
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had POAG, which was mild (70.3%) or moderate (29.7%), and approximately equal numbers of patients were using 1, 2, 
or 3 medications at the time of washout.

Figure 1 illustrates the distribution of IOP reduction at month 12, with 28 eyes (80%) reaching an IOP reduction from 
baseline of 20% or greater and nearly half of eyes (48.6%; 17/35) reaching an IOP reduction of 30% or greater. Among 
the 18 eyes using no medications at month 12, the responder analysis was very similar (Figure 1), and 77.8% achieved an 
IOP reduction ≥20% at month 12. Mean IOP data at each time point are given in Table 2. Mean IOP was 16.9 (3.2) 

Figure 1 Responder analysis of percent reduction in intraocular pressure at 12 months in all eyes and those unmedicated at month 12.

Table 2 Mean Intraocular Pressure (IOP) and Medication Use and Changes from Baseline at Each Study Time Point. Baseline for IOP 
Was After Medication Washout, While Baseline for Medications Was Before Washout

Screening Baseline Day 1 Week 1 Month 1 Month 3 Month 6 Month 9 Month 12

Number of eyes 37 37 37 37 36 36 36 36 35

IOP (mmHg)

Mean (SD) 16.9 (3.2) 23.2 (2.3) 15.0 (3.9) 18.4 (6.5) 14.7 (2.3) 15.4 (2.1) 15.2 (2.4) 15.2 (2.4) 16.2 (2.2)

Mean (SD) change from baseline – – 8.2 4.8 8.5 7.8 8.0 8.0 7.0

Mean (SD) % change from baseline – – 48.5 28.2 36.5 33.4 34.3 34.4 30.2

Significance – – <0.0001 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Medications (n)

Mean (SD) 2.1 (0.9) 0 (0) 0.1 (0.3) 0.2 (0.6) 0.5 (0.9) 0.6 (1.0) 0.8 (1.0) 0.8 (1.0) 0.8 (1.0)

Mean (SD) change from baseline – – 2.0 1.9 1.6 1.5 1.3 1.2 1.3

Mean (SD) % change from baseline – – 97.4 92.3 74.6 70.6 63.9 59.9 60.5

Significance – – <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviations: IOP, intraocular pressure; SD, Standard Deviation.
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mmHg at screening and increased to 23.2 (2.3) after washout of all IOP-lowering medications. Postoperatively, mean 
IOP was significantly reduced (p≤0.0002) at all time points. Mean IOP at the first postoperative day was 15.0 (3.9) 
mmHg, a reduction of 8.2 mmHg from baseline, and at week 1 was 18.4 (6.5) mmHg. Mean IOP from month 1 through 
month 12 ranged from 14.7–16.2 mmHg, representing mean IOP reductions of 7.0–8.5 mmHg (p<0.0001 at all time 
points) and percent IOP reductions of 30.2–36.5%. At month 12 (n=35), mean IOP was 16.2 (2.2) mmHg, a reduction of 
7.0 mmHg (30.2%) from post-washout baseline. IOP ≤18 mmHg was achieved in 85.7% of eyes (29/35), and IOP ≤ 15 
mmHg was achieved in 28.6% of eyes (10/35) at month 12.

Mean medication use data at each time point are given in Table 2. The mean number of medications per eye was 2.1 (0.9) 
at screening baseline. Postoperatively, mean medication use was significantly reduced (p<0.0001) from screening baseline 
at all time points. Mean medication use was low at postoperative day 1 and week 1, with 1 and 3 eyes, respectively, 
requiring medications at these visits. At month 12 (n=35) the number of medications used was 0.8 (a reduction of 1.3 
medications or 60.5% from pre-washout baseline), 51.4% of eyes (18/35) were medication-free, and 71.4% (25/35) were 
using fewer medications than preoperatively, and all but one eye (34/35, 97.1%) were using the same or fewer medications. 
Mean medication use from month 1 through month 12 ranged from 0.5–0.8 medications, representing a reduction of 1.2–1.6 
medications (p<0.0001) at all time points and percent medication reduction of 59.9–74.6%.

The procedure was safe and well tolerated in all eyes. There were no adverse events attributable to the transluminal 
dilation procedure or the STREAMLINE Surgical System device. The only adverse event occurring in more than 1 eye 
was high IOP (n=4). All of these were responsive to short-term topical medical therapy. Adverse events occurring in only 
single patients included choroidal detachment, cortical remnants in the visual axis, predisposing lesion in the retina, dry 
eye, red eye, conjunctivitis, skin infection, and corneal abrasion. One patient experienced an accidental chemical 
exposure to the face during the first postoperative week leading to study withdrawal. A single serious adverse event, 
posterior capsule rupture, was not attributable to the STREAMLINE procedure or device. Mean endothelial cell density 
showed a slight mean reduction by month 3 that remained stable thereafter, with a 16.8% reduction seen at month 12 
(Figure 2).

Discussion
In this first-in-human case series, transluminal dilation of the canal of Schlemm using the STREAMLINE Surgical 
System, combined with phacoemulsification, safely and significantly decreased both IOP and the need for IOP-lowering 

Figure 2 Endothelial cell density over time. Error bars represent standard deviation.
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medications. Mean IOP was reduced by 30.2% and medication use by 60.5% at 12 months, with 80% of eyes achieving 
a ≥20% IOP reduction from baseline and more than half (51.4%) were medication-free.

These results compare favorably with 6-month outcomes previously reported in a subset of the current study 
population.14 In that interim analysis, mean IOP reduction at 6 months was 36.9%, with 89.5% of eyes achieving 
a ≥20% reduction in IOP from baseline; medication use was reduced by 49.1%, and 42.1% of eyes were medication-free. 
Comparing these values with those observed in the current 12-month analysis, the procedure’s efficacy remained 
consistent between 6 and 12 months. Comparing these results with other MIGS procedures is made challenging by 
significant differences in study designs within the MIGS literature. Some devices have undergone prospective rando-
mized trials for regulatory approval while others have been cleared via the 510(k) pathway in which randomized trials are 
not required. Also, some studies have implemented washout IOP assessments at study entry and at the primary time point 
of interest, while others have not. With these caveats in mind, the results obtained with the STREAMLINE Surgical 
System compare favorably with outcomes of randomized clinical trials evaluating phacoemulsification combined with 
TM bypass devices16–19 and with outcomes of other transluminal dilation procedures20–30 (Table 3).

The primary outcome of this study was the proportion of eyes with IOP reduction ≥20% from post-washout baseline 
at month 12. This was achieved in 80% of eyes. Of note, nearly half of eyes (48.6%) achieved an IOP reduction from 
baseline of ≥30%. Also of note, all eyes manifested at least a 10% reduction in IOP (Figure 1). This is significant given 
that the pre-washout IOP of the study population was 16.9 mmHg, suggesting that medication reduction was an important 
individualized goal for some eyes. Such a decrease in medication—71.4% of eyes were on fewer medications at month 
12 than at baseline and more than half (51.4%) were medication-free—was achieved without a rise in IOP compared with 
unmedicated baseline in any eye. This was accomplished with a favorable safety profile similar to other angle-based IOP 
lowering procedures summarized in Table 3. The slight mean change in ECD was seen by month 3 and remained stable 
thereafter (Figure 2) similar to what is seen with phacoemulsification alone. The magnitude of this change—16.8% at 
month 12—is somewhat similar to what has been reported for phacoemulsification alone in the control arms of recent 
combined MIGS trials (~9–12%)18,31–33 and consistent with outcomes of combined MIGS-phacoemulsification (13– 
15.5%)18,34,35 allowing for differences in study populations. Importantly, there was no progressive reduction in ECD over 
time illustrating safety of this approach for long-term corneal endothelial health.

This report complements the interim analysis14 by adding more eyes and longer-term data to this first-in-human study. 
The study’s strengths include a prospective design, the use of a standard primary outcome measure (≥20% IOP reduction 

Table 3 Comparison of Outcomes in the Current Study Compared with Those Reported in Studies of Trabecular Meshwork Bypass 
Devices and Other Transluminal Dilation Procedures in Combination with Phacoemulsification

Procedure Time 
Point 

(Months)

Baseline  
IOP

Mean IOP 
Reduction (%)

% Achieving 
≥20% IOP 
Reduction

Mean 
Medication 

Reduction (%)

% Medication- 
Free

STREAMLINE transluminal 
dilation of the canal of Schlemm 

(current study)

12 23.2 mmHg* 30.2% 80% 60.5% 51.4%

iStent (1st generation)16 12 25.4 mmHg* 33.1%* 66%* NR 85%

2 iStents (1st generation)17 12 27.3 mmHg* 18.7%* 13.3%* 37.4% 24%

iStent inject (2nd generation)18 24 24.8 mmHg* 31%* 78.5%* 75% 86.7%

Hydrus17 12–24 26.3–27.5 mmHg* 29.8%-35.7* 39.7%-80* 60.4–75% 46.6–72.9%

Hydrus19 24 26.3 mmHg* 35.7%* 80%* 75% 72.9%

Visco36020–22 12–18 22.0–24.6 mmHg 22–41% 87% 32–89% 32–86%

iTrack device23–30 12–48 18.1–23.6 mmHg 26–40% 78.4% 39–97% 25–80%

Note: *Unmedicated. 
Abbreviation: IOP, intraocular pressure.
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from baseline), and a medication washout preoperatively to more robustly characterize surgical IOP reduction. An 
additional strength is the inclusion of a uniformly Hispanic subject sample. As discussed in the Introduction, multiple 
glaucoma-related health disparities and health-care disparities exist in the Hispanic population.10–13 However, when 
treated, outcomes in Hispanics are typically similar to those of other ethnicities.36–38 Limitations include a relatively 
small sample size, which is appropriate for first-in-human studies. Also, the study duration is short relative to the chronic 
lifelong nature of glaucoma; however, intermediate-term data are of value to surgeons when selecting from among the 
various glaucoma procedures available. Further, the inclusion of a single surgeon limits generalizability of results. 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.39 However, the reduction in IOP and 
medications observed at 12 months in this study exceed what would be expected from phacoemulsification alone, 
supporting the additive advantage of this combination procedure. Finally, while baseline IOP was assessed after 
medication washout, 12-month IOP outcomes were not.

Conclusion
In summary, canal of Schlemm transluminal dilation at the time of cataract extraction safely and effectively reduced IOP 
and the need for IOP-lowering medications by both clinically and statistically significant magnitudes in eyes of Hispanic 
patients with medically controlled mild to moderate POAG.
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