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Purpose: To report the 12-month clinical outcomes in eyes with mild to moderate open-angle glaucoma (OAG) in Hispanic adults 
undergoing STREAMLINE Surgical System (STREAMLINE) canaloplasty combined with phacoemulsification.
Patients and Methods: This was a prospective, multi-center, interventional clinical trial involving 45 eyes of 45 Hispanic adult 
patients receiving topical medical therapy for mild to moderate OAG and undergoing phacoemulsification surgery for visually 
significant cataracts at three sites. All eyes underwent a Screening visit, followed by medication washout and a subsequent Baseline 
visit to determine eligibility for STREAMLINE canaloplasty. The primary outcome was the proportion of unmedicated eyes with 
intraocular pressure (IOP) reduction of ≥20% from Baseline at Month 12. Secondary outcomes included mean change in IOP from 
post-washout Baseline, mean change in IOP-lowering medications compared to pre-washout Screening, and adverse events (AEs).
Results: 43 eyes met the eligibility criteria for analysis and 40 eyes completed the 12-month visit. The mean (standard deviation) age 
was 68.7 (8.6 years), 76.7% were female, and 72.1% of the eyes were classified as having mild OAG. The mean number of IOP- 
lowering medications at Screening was 1.95 (0.82). After washout, the Baseline mean IOP was 23.0 (1.8) mmHg. At Month 12, 28/40 
eyes (70.0%) remained medication-free, of which 27 (96.4%) had an IOP reduction of ≥20% from Baseline. The mean IOP at Month 
12 was 15.3 (2.8) mmHg, a reduction of 7.8 (3.0) mmHg from Baseline (p<0.001). The mean medication use at Month 12 was 0.63 
(1.19) per eye, representing a mean reduction of 1.38 (1.03) medications from Screening (p<0.001). Device- or procedure-related 
ocular AEs were mostly mild in severity and self-limited.
Conclusion: STREAMLINE canaloplasty in combination with phacoemulsification provides clinically and statistically significant 
reduction in IOP and IOP-lowering medications in eyes with mild to moderate OAG in Hispanic adults.
Keywords: STREAMLINE Surgical System, canaloplasty, intraocular pressure, minimally invasive glaucoma surgery, open-angle 
glaucoma

Introduction
Minimally invasive glaucoma surgery (MIGS) has transformed the surgical approach to lowering intraocular pressure 
(IOP) by providing safer surgical options that can be used early in the treatment paradigm. Collectively, the MIGS family 
of procedures—including canaloplasty, goniotomy, and implanted trabecular meshwork (TM) bypass stents—have 
provided a safe and effective surgical option for patients with mild to moderate glaucoma to reduce IOP and/or IOP- 
lowering medications.1–6 With the growing interest in MIGS procedures and expanding options in devices, especially 
when combined with phacoemulsification cataract surgery, clinical evidence showing safety and efficacy would better aid 
clinicians with their decision-making.
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The STREAMLINE Surgical System (New World Medical, Rancho Cucamonga, CA) was developed to provide 
a novel and minimally invasive method of performing canaloplasty. This device has been available in the United States 
(US) since 2021 and can be used as a standalone procedure or combined with cataract surgery. The STREAMLINE 
Surgical System consists of a single-use, disposable handpiece featuring a stainless-steel outer cannula within 
a polymer sleeve and an internal stainless steel catheter.7 Upon depressing the actuator button on the handpiece, the 
sleeve is retracted, and the internal catheter tip pierces the TM and enters the canal of Schlemm (CS). Simultaneously, 
an ophthalmic viscoelastic device (OVD) is delivered through the catheter to viscodilate the canal, stretch the TM, and 
flush the distal collector channels. The OVD reservoir of the handpiece holds sufficient volume to perform up to 8 
applications, each injecting ~7 µL of OVD.

The Hispanic population is the largest and fastest-growing ethnic minority in the US. The prevalence of OAG in the 
Hispanic community is high and is expected to increase over the next few decades.8–10 Despite this high prevalence, the 
clinical data on various MIGS devices and procedures among Hispanic adults remain relatively sparse. Of note, a 
previously published single-surgeon study evaluated the safety and efficacy of STREAMLINE canaloplasty among 
Hispanic adults at 6 and 12 months and described favorable surgical outcomes.5,6 The current study is a prospective, 
multi-center (Mexico, Dominican Republic and Costa Rica), multi-surgeon, 12-month trial conducted to further evaluate 
and validate the clinical outcomes of the STREAMLINE canaloplasty combined with cataract surgery in eyes with mild 
to moderate OAG in a Hispanic adult population. The presented data are unique to this study and not part of previously 
published STREAMLINE canaloplasty studies.

Materials and Methods
This was a prospective, open-label, non-randomized, multi-center, multi-surgeon, interventional clinical trial involving 
Hispanic adults to evaluate the safety and IOP-lowering efficacy of STREAMLINE canaloplasty in eyes diagnosed with 
mild to moderate OAG undergoing cataract surgery in Mexico, Costa Rica, and the Dominican Republic. The 
participating surgeons (GLG, CO, and JFB) were trained in the use of the STREAMLINE device and had prior 
experience performing anterior chamber angle-based glaucoma surgery. The protocol and consent form were reviewed 
and approved by all applicable ethics committees in Mexico (APEC Hospital de la Seguerra Vicente Garcia Torres), 
Dominican Republic (Hospital General de la Plaza de la Salud Comite De Etica de la Investigacion), and Costa Rica 
(Instituto Costarricense de Investigaciones Clinical Comite Etico Cientifico). Study participants were enrolled between 
February 2021 and March 2022 and written informed consent was obtained prior to participation in study-related 
examinations. The trial is registered on www.ClinicalTrials.gov (NCT05089474) and conducted in accordance with the 
tenets of the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Potential subjects enrolled in the study were at least 22 years of age, had at least one eye with a visually significant 
cataract, diagnosed with mild to moderate OAG, and were on 1 to 3 topical IOP-lowering medications at Screening. 
Subjects met the eligibility criteria for the study if their preoperative IOP after medication washout was between 
21–36 mmHg inclusive. The following were excluded per the study protocol: women of childbearing potential, eyes 
with narrow or closed angles, advanced glaucoma (one or more of the following: visual field (VF) mean deviation worse 
than −12 dB; sensitivity <10 dB in 2 or more of the 4 central test points; cup-disc (C/D) ratio > 0.8; inability to safely 
undergo washout of IOP-lowering medications), history of intraocular surgery within 6 months or laser surgery within 
the past 3 months of Screening, history of incisional eye surgery or any prior history of laser iridotomy, best-corrected 
visual acuity (BCVA) worse than 20/80 in either eye, ocular inflammation or infection in the last 6 months, or any 
medication that would be contraindicated for a glaucoma surgical procedure.

Procedures
Potential subjects underwent a comprehensive Screening examination, which included BCVA, slit lamp exam, dilated fundus 
exam, automated perimetry, pachymetry, and endothelial cell count. Eligible subjects underwent appropriate washout of IOP- 
lowering medications, followed by an eligibility (Baseline) visit at which the unmedicated IOP was measured. If both eyes 
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met the eligibility criteria, the eye with the higher unmedicated IOP was designated as the study eye (except in cases where 
the IOP in both eyes were equal, the right eye became the study eye). Following a successful phacoemulsification cataract 
surgery and intraocular lens implantation, STREAMLINE canaloplasty was performed according to the manufacturer’s 
instructions for use as follows:7 Preoperatively, OVD was loaded into the handpiece. The patient’s head was positioned 45° 
away from the surgeon and the microscope was angled 45° toward the surgeon. The cannula was introduced through the 
cataract surgery incision under direct gonioscopic visualization and advanced across the anterior chamber to the nasal angle. 
The outer sleeve was positioned against the TM to indent the tissue. The actuator button was then fully depressed, retracting 
the outer sleeve and allowing the inner catheter to enter into the CS. Continuous pressure on the actuator button for 2 seconds 
delivered OVD into the canal. The tip was then withdrawn from the TM and the actuator button was released. The procedure 
was repeated, spacing each application approximately 1 clock hour away from prior applications, for a total of 5 to 8 
applications across 4 to 6 clock hours of the drainage angle.

Postoperative Management
Following surgery, steroids and antibiotics were administered according to the surgeon’s standard of care for phacoe
mulsification cataract surgery. Postoperative assessments conducted 1 day, 1 week, and 1, 3, 6, 9, and 12 months after 
surgery included medication use, BCVA, IOP, and anterior segment examination. Gonioscopy and dilated posterior 
segment examination were repeated at Months 3 and 12. IOP was measured by Goldmann tonometry, in which each 
value represents the mean of two measurements taken at each assessment (a third was included if the first two differed by 
more than 3 mmHg). In cases where the 3 IOP measurements were taken, the 2 measurements that were the closest in 
values were averaged.

Outcome Measures
The primary outcome measure of this study was the proportion of unmedicated eyes with an IOP reduction ≥20% from 
the post-washout (Baseline) visit at Month 12. The secondary outcomes included the mean unmedicated IOP change 
from eligibility (Baseline) visit to Month 12 and the mean change in the number of IOP-lowering medications from pre- 
washout (Screening) to Month 12. Safety outcomes included the nature and frequency of intra- and postoperative AEs.

Statistical Analysis
All analyses were considered exploratory, and no specific hypotheses were tested; therefore, no a priori power analysis 
was performed. The sample size of up to 60 subjects was selected to provide a sufficiently large dataset to estimate the 
primary outcome. The normality of the scale data was assessed using the Shapiro Wilk test. For the comparison of 
Baseline IOP and Screening medication count, paired t-test was used for parametric data, and a Wilcoxon signed-rank 
test was used for non-parametric data.

Post Hoc Analyses
A post hoc power calculation was performed to evaluate whether a sample size of 40 provides adequate power for the 
study. The results showed that a sample size of 40 provided statistical power of 99.9% for the comparison of IOP and the 
number of IOP-lowering medications at 12 months compared to pre- and postoperative values.

Additional post hoc analyses were performed to further confirm the validity of our key endpoints. One such analysis 
included the proportion of eyes that were on the same or fewer medications at Month 12 compared to their pre-washout 
medications, using the data-as-observed approach to mimic real-world outcomes.

Results
Study Population and Baseline Characteristics
Of the initial 45 eyes enrolled in the study, 2 were later found to have been on no medications at Screening and were thus 
disqualified from the analysis. The demographic data and glaucoma status of the 43 subjects who qualified for this 
analysis are listed in Table 1. The mean age was 68.7 (range, 37–89 years); most (76.7%) were female, and all were 
Hispanic. Glaucoma severity was graded as mild in 72.1% and moderate in 27.9% of eyes. The proportions of eyes using 
one (34.9%), two (34.9%), and three (30.2%) medications at Screening were almost evenly distributed. Of the 43 eyes at 
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Baseline, 1 patient died of a myocardial infarction unrelated to the study interventions after the Month 9 visit; 2 other 
eyes were lost to follow-up, with 1 following through the Month 6 visit and 1 following through the Month 9 visit. In 
addition, 2 eyes had a visual acuity (VA) worse than 20/80 in the study eye, 1 eye was included without a Screening VF, 
and 2 eyes were included that had a C/D ratio of greater than 0.8. However, the investigators determined that all of these 
eyes had mild or moderate OAG, and they have been included in all analyses.

Postoperative Outcomes
IOP and Medication Use
Overall, 40 eyes completed the Month 12 follow-up. The mean IOP data at each postoperative visit are shown in Figure 1. 
Mean (standard deviation) medicated IOP at Screening was 18.3 (3.5) mmHg and unmedicated Baseline IOP (post-washout) 
was 23.0 (1.8) mmHg. Mean IOP decreased as early as the first postoperative day, with a statistically significant (p<0.001) 
reduction from Baseline at each visit, ranging from 14.1–15.5 mmHg through Month 12. This represents a 32.3–38.1% 
reduction from Baseline (Table 2). Of the 40 eyes that completed the Month 12 follow-up visit, 90.0% (36/40) of the eyes 
achieved a mean IOP reduction of ≥20% from Baseline. At Month 12, 70.0% (28/40) of the eyes were medication-free. The 
proportion of unmedicated eyes with ≥20% reduction in IOP at Month 12 compared to Baseline was 96.4% (27/28). This 
represents 67.5% (27/40) of all eyes that completed the Month 12 visit. Furthermore, 92.5% (37/40) of eyes achieved IOP 
≤18 mmHg and 45.0% (18/40) achieved IOP ≤15 mmHg at Month 12 (Table 3).

Table 1 Demographic Data and Glaucoma Status of the Analysis 
Population

Parameter Value

N 43

Age (yr.), mean (SD) 68.7 (8.6)

Gender, n (%)

Female 33 (76.7)

Male 10 (23.3)

Ethnicity, n (%)*

Hispanic 43 (100)

Study eye, n (%)

Right 23 (53.5)

Left 20 (46.5)

Glaucoma severity, n (%)

Mild 31 (72.1)

Moderate 12 (27.9)

Prior glaucoma surgery (SLT), n (%) 1 (2.3)

Number of pre-washout IOP-lowering medications, n (%)

1 15 (34.9)

2 15 (34.9)

3 13 (30.2)

Note: *Self-reported. 
Abbreviation: SD, standard deviation.
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The mean IOP-lowering medication count at each visit are shown in Figure 2. Subjects used a mean of 1.95 (0.82) 
medications at Screening, and this was significantly reduced (p<0.001) at every postoperative visit. From Month 6 and 
beyond, the mean number of medications ranged from 0.51–0.63, representing a mean reduction of 76.3–79.8% from 
Screening (Table 2). At Month 12, 92.5% (37/40) of the eyes were on the same or fewer medications than at Screening 
(Table 3).

Figure 1 Change in Mean IOP Over Time from Baseline. There were statistically significant (P< 0.001) reduction in the mean IOP at each postoperative visit. Mean Error 
bars represent standard deviation.

Table 2 Intraocular Pressure (IOP) and Medication Use

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

N 43 43 43 43 43 43 43 42 40

IOP

Mean (SD) 18.3 (3.5) 23.0 (1.8) 17.4 (5.2) 17.7 (5.3) 15.5 (2.8) 15.2 (2.6) 14.1 (1.9) 14.8 (2.3) 15.3 (2.8)

Change from Baseline, mean (SD) −5.6 (5.4) −5.2 (5.1) −7.4 (2.8) −7.8 (3.0) −8.8 (2.6) −8.2 (2.4) −7.8 (3.0)

% Change from Baseline, mean (SD) −23.9 (22.5) −22.8 (21.6) −32.3 (11.9) −33.7 (11.6) −38.1 (9.4) −35.5 (9.7) −33.5 (12.0)

Significance (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Medications

Mean (SD) 1.95 (0.82) 0.00 (0.00) 0.02 (0.15) 0.16 (0.57) 0.26 (0.73) 0.37 (0.85) 0.51 (1.05) 0.58 (1.14) 0.63 (1.19)

Change from Screening, mean (SD) −1.93 (0.83) −1.79 (0.86) −1.70 (0.91) −1.58 (0.93) −1.44 (0.98) −1.37 (1.00) −1.38 (1.03)

% change from Screening, mean (SD) −98.8 (7.6) −93.8 (20.6) −89.9 (27.5) −84.5 (33.4) −79.9 (39.1) −77.5 (40.6) −76.3 (42.2)

Significance (p-value) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Note: Baseline = post-washout, eligibility. Screening = pre-washout assessment. 
Abbreviation: SD, standard deviation.
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Postoperative Adverse Events
All ocular adverse events (AEs) were graded as mild or moderate in severity (Table 4), The device- or procedure-related 
AEs included transient IOP elevation in 3 eyes (7.0%), likely related to short-term postoperative steroid use or retained 
OVD during intraocular surgery, corneal striae in 3 eyes (7.0%), hyphema in 2 eyes (4.7%), pain and inflammation in 1 

Table 3 Key Outcomes at Month 12 (N=40)

Endpoint n (%)

≥20% IOP reduction from Baseline 36 (90.0)

IOP ≤18 mmHg 37 (92.5)

IOP ≤15 mmHg 18 (45.0)

Fewer medications than at Screening 35 (87.5)

≥20% IOP reduction from Baseline on no medications 27/28 (96.4)

≥20% IOP reduction from Baseline on no medications* 27/40 (67.5)

≥20% IOP reduction from Baseline on same or fewer medications* 37/40 (92.5)

IOP-lowering medications n (%)

0 28 (70.0)

1 6 (15.0)

2 2 (5.0)

3 1 (2.5)

4 3 (7.5)

Note: *Post hoc analyses performed to reflect real world clinical outcomes. 
Abbreviation: IOP, Intraocular Pressure.

Figure 2 Change in Mean IOP-lowering Medication Count Over Time from Screening. There were statistically significant (P< 0.001) reduction in the mean IOP-lowering 
medication count at each postoperative visit. Mean Error bars represent standard deviation.
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eye (2.3%) and corectopia in 1 eye (2.3%). Other AEs unrelated to the device or procedure were dry eye in 2 eyes 
(4.7%), dermatitis in 1 eye (2.3%), allergic reaction in 1 eye (2.3%), small leukoma in 1 eye (2.3%), and corneal 
ulceration due to ingrowth of an eyelash in 1 eye (2.3%). One device unrelated serious adverse event (SAE), death due to 
myocardial infarction, occurred during the study.

Discussion
This prospective, multi-center study contributes to the body of evidence on the STREAMLINE Surgical System. The 
results of this study demonstrate that STREAMLINE canaloplasty in combination with phacoemulsification cataract 
surgery provides substantial reduction in both IOP and the need for IOP-lowering medications through at least the first 
postoperative year in eyes of Hispanic adults with mild to moderate OAG.

The primary outcome in this study was the proportion of unmedicated eyes with a ≥20% reduction in IOP at Month 
12 from eligibility (Baseline) and 96.4% (27/28) of eyes achieved this endpoint. The majority of eyes (70.0%, 28/40) 
were medication-free at Month 12, 90.0% (36/40) manifested IOP reductions of ≥20% from Baseline. The mean 
medication use also decreased (76.3%) from the Screening visit to Month 12. These results indicated a meaningful 
reduction in both IOP and medication use. Given the pre-washout mean IOP of 18.3 (3.5) mmHg, many eyes likely 
underwent combined surgery, at least in part, to reduce reliance on topical IOP-lowering medications. The majority of 
eyes (92.5%, 37/40) either maintained or successfully reduced their dependence on medications without compromising 
IOP with an average of 7.8 (3.0) mmHg decrease in pressure at Month 12 compared to Baseline.

This study is similar to the one reported by Lazcano et al,6 which was a single-site, prospective 12-month analysis of 
37 eyes of 37 Hispanic adults with mild or moderate OAG that underwent combined phacoemulsification with 
STREAMLINE canaloplasty. At one year, the mean IOP decreased by 30% and medication use decreased by 61%; 
80% of eyes achieved a ≥20% reduction in IOP from the unmedicated Baseline, and 51.4% were medication-free. The 
outcomes of our current study also show similar results when compared to the 12- or 24-month outcomes for other 
phaco-MIGS devices: the first- and second-generation iStent (Glaukos),11–13 the Hydrus microstent (Alcon),14–16 

VISCO360 or OMNI (Sight Sciences),17,18 and the iTrack (Nova Eye Medical).19,20

The American Academy of Ophthalmology (AAO) defines canaloplasty as “cannulation of Schlemm’s canal with 
a catheter or stent with either an internal or external approach for at least three clock hours with an injection of 
viscoelastic while removing the stent to dilate the canal. Alternatively, viscoelastic injections made via three or more 
punctures of the trabecular meshwork spanning at least three clock hours (90 degrees) to dilate Schlemm’s canal should 

Table 4 Ocular Adverse Events (N=43)

AE Description N Resolved

Allergic reaction 1 Yes

Corectopia* 1 Stable

Corneal striae* 3 Yes

Dermatitis, both eyes 1 Ongoing (Chronic)

Dry eye† 2 Ongoing (Chronic)

Eye ulceration due to an eyelash 1 Yes

IOP elevation*† 3 Yes

Hyphema*† 2 Yes

Pain and inflammation* 1 Yes

Small leukoma 1 Stable

Notes: Non-ocular SAE Myocardial infarction (n=1); patient died. 
*Deemed related to procedure or device. †Severity categorized as mod
erate in one case and mild in the others.
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also qualify as canaloplasty”.21 STREAMLINE is designed to inject a significant volume (~7 µL) of OVD with each 
application using a total of 5–8 applications approximately 1 clock hour away from each other (total injected OVD 
volume of 35 to 56 µL). This volume of OVD is similar to or greater than that used by other commercial canaloplasty 
devices.22,23 The end result of STREAMLINE canaloplasty is the reduction of IOP and the need for IOP-lowering 
medications by targeting the primary site of aqueous humor outflow obstruction at the level of the TM, CS, and distal 
collector channels.

An additional advantage of canaloplasty with the STREAMLINE procedure is that it does not require the permanent 
implantation of a device such as a TM bypass stent. This is relevant because implanted glaucoma devices—whether 
glaucoma drainage devices, certain MIGS devices, or sustained-release drug delivery platforms—have been associated 
with corneal endothelial cell loss (ECL).24–26 A previous study demonstrated that the ECL following STREAMLINE 
combined with phacoemulsification (16.8% at 12 months6) is consistent with reports of ECL following phacoemulsifica
tion alone in eyes with glaucoma (~10-17% in various studies24).

This study exclusively enrolled Hispanic patients from centers in 3 different countries in Latin America. Hispanic 
ethnicity is a known risk factor for the development of OAG.8–10,27,28 Relatively little is known regarding the efficacy of 
glaucoma therapies in Hispanic patients. The Registry in Glaucoma Outcomes Research (RiGOR) study found no 
differences in response to medical, laser, or surgical therapy by ethnicity,29 and a study of Hispanic patients undergoing 
phacoemulsification, trabeculectomy, or phacotrabeculectomy demonstrated IOP and medication reductions comparable to 
those in white patients.30 Conversely, other studies have found Hispanic ethnicity to be a risk factor for surgical failure of 
trabeculectomy and tube-shunt surgery.31–33 With regard to phaco-MIGS procedures, effective clinical outcomes have been 
reported in Hispanic patients undergoing excisional goniotomy with the Kahook Dual Blade (KDB) (New World 
Medical),34,35 trabecular ablation with the Trabectome (MicroSurgical Technology),36 trabecular micro bypass with the 
iStent,37 and canaloplasty with trabeculotomy with the OMNI System.38

Along with the strengths of our study, there were some limitations that must be acknowledged. The study population 
exclusively comprised Hispanic patients, which may limit generalizability to the entire OAG patient population but 
provides insight into outcomes in a high-risk and understudied subset of glaucoma patients. There was no planned terminal 
washout for our study since the primary endpoint was the proportion of unmedicated eyes with IOP reduction ≥ 20% from 
Baseline (post-washout) at Month 12. Although a formal medication washout was not required at Month 12, 70% (28/40) of 
the subjects were medication-free and 92.5% (37/40) were on the same or fewer medications. Another limitation is not 
having a control group and having a primary endpoint that considers only responders (medication-free subjects). The IOP- 
lowering effect of phacoemulsification alone has been well described. A meta-analysis conducted by Malvankar-Mehta 
et al39 reported the weighted mean reduction for IOP and glaucoma medications at 12 months compared to baseline on pre- 
selected iStent-Phaco vs standalone Phacoemulsification studies in OAG patients. Their results showed a 4% IOP reduction 
with phacoemulsification alone, while iStent in combination with phacoemulsification showed a 9–27% IOP reduction from 
baseline. Furthermore, their study showed a reduction in mean number of medications by 1.01 with phacoemulsification 
alone, and 1.1 to 1.33 in iStent combined with phacoemulsification, when compared to baseline. Both are consistent with 
our post hoc analysis findings of 13.7% (−2.9) mmHg IOP reduction and 1.38 medication count reduction at Month 12 
compared to (pre-washout) Screening.

Because the STREAMLINE Surgical System has been available for use only since 2021, published clinical data in 
peer-reviewed literature are currently limited. Additional and longer-term data are needed to determine the durability of 
treatment effect in Hispanic population and OAG patients, in general.

Conclusion
This prospective study adds further evidence to support effective outcomes of STREAMLINE canaloplasty in Hispanic 
adults. In summary, STREAMLINE canaloplasty in combination with phacoemulsification provides clinically mean
ingful reduction in both IOP and the number of IOP-lowering medications in eyes with mild to moderate OAG. This 
procedure should be considered a valuable addition to MIGS options for OAG patients undergoing cataract surgery.
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