
O R I G I N A L  R E S E A R C H

Efficacy of Combined Phacoemulsification and 
Hydrus Microstent in Open-Angle Glaucoma 
Versus Combined-Mechanism/Primary Angle 
Closure Glaucoma
Kelly Nguyen1, Sunee Chansangpetch2–4, Minh-Khanh Vinh5, Alan Quang Huy Tran6, 
Sunita Radhakrishnan 7,8, Ngoc Nguyen8, Andrew G Iwach7,9, Shan Lin7,8

1University of California, San Francisco School of Medicine, San Francisco, CA, USA; 2Center of Excellence in Glaucoma, Chulalongkorn University, 
Bangkok, Thailand; 3Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; 4Department of Ophthalmology, King Chulalongkorn Memorial 
Hospital, Thai Red Cross Society, Bangkok, Thailand; 5University of California, Riverside, CA, USA; 6Southwest Medical Education Consortium, 
Temecula, CA, USA; 7Glaucoma Center of San Francisco, San Francisco, CA, USA; 8Glaucoma Research and Education Group, San Francisco, CA, 
USA; 9Department of Ophthalmology, University of California, San Francisco, CA, USA

Correspondence: Shan Lin, Glaucoma Center of San Francisco, 55 Stevenson Street, San Francisco, CA, 94105, USA, Tel +1 415 981 2020, Fax +1 415 981 2019, 
Email SL@glaucomasf.com

Purpose: To evaluate the pressure-lowering efficacy of cataract surgery combined with Hydrus microstent in mainly Asian eyes with 
combined-mechanism glaucoma (CMG) or primary angle closure glaucoma (PACG) versus open-angle glaucoma (OAG).
Patients and Methods: Patients with CMG, PACG, or OAG who were treated with 1 or more glaucoma medications prior to surgery 
were included in the study. Medical charts were reviewed for patients with CMG, PACG, or OAG undergoing cataract-Hydrus surgery. 
Multilevel mixed-effects linear regression models were performed to determine the efficacy of combined surgery on intraocular 
pressure (IOP) and number of glaucoma medications. Mixed-effects logistic regression models were used to assess post-operative 
1-year success rate (IOP ≤ 18 mmHg without glaucoma medication) and percentage of medication-free patients.
Results: The post-operative IOP and medication use were compared in CMG/PACG (n = 49) and OAG (n = 29) eyes. At 1-year follow-up, 
IOP decreased in CMG/PACG (14.74 to 13.21 mmHg, p = 0.004) and was unchanged in OAG (14.48 to 14.84 mmHg, p = 0.56) (difference 
in absolute IOPs, p=0.02). IOP was significantly lower in CMG/PACG group compared to OAG group with a coefficient of −2.1 (95% CI - 
3.9 to −0.4, p=0.02). The success rates were similar (82%, CMG/PACG; 79%, OAG, p=0.80). Both groups showed significant reductions in 
medications (CMG/PACG, 2.33 to 0.20, p<0.001; OAG, 2.37 to 0.38, p<0.001; between groups, p=0.20). 83% of patients achieved 
medication-free status (OAG, 83%; CMG/PACG, 84%, p=0.92). Regarding surgical complications, there was no significant difference 
between OAG and CMG/PACG groups for postoperative hyphema (p=0.64) and IOP spike (p=0.29).
Conclusion: In this retrospective study, the IOP-lowering efficacy of combined cataract-Hydrus surgery in CMG/PACG patients was 
similar or greater than in OAG patients.
Keywords: glaucoma, Hydrus microstent, cataract surgery, minimally invasive glaucoma surgery

Introduction
Glaucoma is one of the leading causes of blindness and vision loss.1 In most cases, decreased aqueous drainage from the 
anterior chamber through the trabecular meshwork causes elevated intraocular pressure (IOP) and subsequent damage to 
the optic nerve. Glaucoma is traditionally classified into open-angle and closed-angle forms. Open angle glaucoma 
(OAG) is the more prevalent form worldwide and primary open angle glaucoma (POAG) is the most common type, in 
which the anterior chamber angle is open and there is no secondary cause for elevated IOP or optic nerve damage. 
Normal tension glaucoma (NTG) is an open-angle glaucoma in which pre-treatment IOPs were not documented to be 
above the upper limit of the normal range (≤21 mmHg).2 Closed-angle forms of glaucoma include primary angle closure 
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glaucoma (PACG) and combined mechanism glaucoma (CMG). POAG occurs due to increased resistance to aqueous 
flow across the outflow pathways even with an anatomically open angle.3 In closed-angle forms, the iris is pushed 
towards the trabecular meshwork and cornea—most commonly via a pupillary block mechanism—leading to restriction 
of aqueous flow through the trabecular meshwork.3 Cases of CMG have characteristics of both OAG and PACG, and is 
defined after treatment with laser peripheral iridotomy.4 Treatments for glaucoma include surgery, oral and ocular 
medications, and laser procedures. One group of glaucoma treatments that have been more recently developed in the 
last few decades are microinvasive glaucoma surgeries (MIGS), which offer a safer, albeit less effective, alternative to 
traditional glaucoma surgeries such as trabeculectomy.5

The Hydrus microstent, an 8-mm curved scaffold implanted into the Schlemm canal, is a MIGS device owned by 
Alcon Inc. (Fort Worth, TX). The proximal tip is open to the anterior chamber and serves as a conduit for direct aqueous 
flow into the Schlemm canal. The expansion of the canal and porous design allows for increased outflow into the 
collector channel ostia. The device’s composition from nitinol material allows flexibility while maintaining structural 
support. The Hydrus, in conjunction with cataract surgery, is effective in lowering IOP and glaucoma medication use in 
patients with open-angle glaucoma.6 However, few studies have been conducted in other population groups (eg Asian 
populations) and glaucoma types. Complications, similar to those of other MIGS procedures, have been documented and 
include transient hyphema, hypotony, microstent obstruction, and choroidal detachment.5

The Asian population, compared to other racial/ethnic populations, has a higher prevalence of PACG. Within the Asian 
groups, Chinese and Vietnamese Americans appear to have a higher prevalence of PACG compared to other Asian ethnic 
groups.7 In contrast to OAG, PACG can lead to a higher risk of blindness and vision loss if not treated aggressively.8

Other MIGS such as the iStent have been extensively studied in the last few decades due to their earlier availability, 
including with studies in other niche groups such as specific racial populations and glaucoma types besides OAG and 
ocular hypertension (OHTN). For example, there are a number of studies in subjects of Asian ancestry with PACG.9–11 In 
contrast, the Hydrus was approved relatively recently, and thus far, has a smaller number of post-approval studies (eg in 
other glaucoma types and in races other than Whites). In this study, we retrospectively examined the efficacy of the 
Hydrus microstent in reducing IOP and glaucoma medication use among Asians with PACG/CMG compared with OAG 
who have Hydrus microstent insertion in conjunction with cataract surgery.

Material and Methods
This retrospective comparative study of patients was conducted in the United States at the ophthalmology clinic of 
a single glaucoma specialist (N.N). The study was reviewed by an independent institutional review board (IRB) 
[Advarra, Columbia, MD], which is a committee that has reviewed this research study to help ensure that the rights and 
welfare of all research participants are protected and that the research study is carried out in an ethical manner. 
Informed consent was exempted by the IRB because the study was retrospective and subjects were not available to 
provide informed consent. The study subjects were a part of the existing clinic population prior to the study, and 
patient data confidentiality was maintained by following standard procedures for handling protected health informa
tion. Additionally, the IRB was approved for retrospective review of subjects receiving combined cataract surgery and 
the Hydrus implant. Although the Hydrus implant has not received FDA-approval for glaucomas other than POAG and 
OHTN, the treatment of CMG and PACG and secondary glaucomas usually include therapies (including other existing 
MIGS) which are only approved for POAG and OHTN. Similar to other MIGS which have been used in CMG and 
PACG cases,11 the device was only used in eyes in which the surgical area of the angle (nasal quadrant in our case) 
was open and visible for adequate insertion. Medical charts of patients who received cataract surgery with Hydrus 
implantation by a single surgeon (N.N.) between July 2020-January 2023 were reviewed. Subjects who met the 
following criteria were included in the initial screening process: (1) age greater than 40 years; (2) documentation of 
age-related cataract with best-corrected visual acuity (BCVA) of 20/40 or worse with or without glare test; (3) 
complete eye examination including gonioscopy; and (4) findings of glaucomatous optic neuropathy with or without 
corresponding visual field loss consistent with glaucoma. Glaucoma severity was classified based on Hodapp-Anderson 
-Parrish criteria.12 The patients were classified into open angle and closed angle groups, which were defined using 
criteria that we have reported in previous studies.11 Open angle was defined in eyes that had Shaffer angle grading of at 

https://doi.org/10.2147/OPTH.S538439                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Clinical Ophthalmology 2025:19 3348

Nguyen et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



least 2 for more than 180 degrees. OAG can be sub-classified as POAG and NTG, and both groups were included in 
our analysis as comprising OAG. PACG was defined in eyes that met the glaucoma criteria and had Shaffer angle 
grade 1 or less for 180 degrees or greater on gonioscopy. CMG was defined in those with initially closed angles, which 
was defined as Shaffer angle grading 1 or less for 180 degrees or more, and in which the angle subsequently deepened 
and met the open-angle definition after laser iridotomy.11 In these patients, the IOP remained elevated and/or the 
patient was assessed as having glaucoma at the time of laser or afterward, requiring glaucoma medications.11 

Ultimately, eyes in which the angle opened after laser iridotomy and did not have peripheral anterior synechia 
(PAS) were classified as CMG, with both PACG and CMG eyes combined into a single group for data analysis. All 
patients underwent successful phacoemulsification with intraocular lens (IOL) implantation plus Hydrus implantation 
and completed 1-year follow-up after surgery.

The presence of PAS was not an exclusion for the CMG or the PACG groups; however, eyes that had significant 
PAS at the nasal angle were excluded from the study due to inability to adequately access the Schlemm canal. 
Exclusion criteria included the following: (1) any ocular or systemic condition (besides cataract) that could affect 
vision and/or visual field interpretation; (2) any ocular or systemic condition that could affect IOP or preclude 
accurate tonometry (eg corneal pathology, previous refractive surgery, concurrent use of systemic steroid); (3) 
previous intraocular surgery including filtering surgery, glaucoma drainage device implantation, and retina surgery; 
(4) history of ocular trauma; and (5) complicated cataract surgery such as posterior capsule rupture, vitreous loss, 
intraoperative zonular instability, and dropped nucleus. Prior laser trabeculoplasty and intraoperative floppy iris 
syndrome were not excluded.

Surgical Technique
Patients received standard phacoemulsification with the divide-and-conquer technique, through a temporal clear corneal 
incision. All patients underwent monitored anesthesia care (MAC) during the procedure and were given preservative-free 
0.5% Xylocaine. An acrylic foldable IOL was successfully implanted in all cases. The Hydrus was implanted after IOL 
implantation. After the anterior chamber was filled with Viscoat, the viscoelastic, an anterior chamber paracentesis at the 
1 o’clock position was made in the left eye and at the 7 o’clock position was made in the right eye. After tilting of the 
microscope and repositioning of the patient’s head, the Hill surgical gonioprism (Ocular Instrument Inc, Bellevue, WA, 
USA) was placed over the cornea to visualize the nasal angle. Once the TM was identified, the Hydrus inserter was 
directed through the paracentesis site and the Hydrus was implanted in the infero-nasal quadrant of the left eye or supero- 
nasal quadrant in the right eye, by sliding the leading edge through the TM into the Schlemm canal. The Lester hook was 
used to push on the trailing end of the Hydrus edge to ensure two-thirds of the distal end (between the last “window” and 
the trailing tip) of the Hydrus was covered by TM. The viscoelastic was not removed to act as a tamponade for bleeding 
from the angle. The wound was closed by irrigating the wound with balanced salt solution. A suture (10–0 nylon) was 
placed in the main wound depending on the presence of a floppy iris. All patients were given acetazolamide 500 mg 
sequels BID post-operation on the operative day.

Postoperative Follow up
All patients were prescribed a fluorometholone drop 4 times daily for 5 weeks and adjusted to a lower dose depending on 
the anterior chamber inflammation and the IOP in the early follow up period; a 0.3% nepafenac drop once a day for 
5 weeks; and a fluoroquinolone antibiotic drop 4 times a day for 1 week and then 2 times a day for one week. 
Postoperative data was recorded at day 1, week 1 (7–10 days post-operation), week 5–6, month 3, month 6, and year 1 
post-operation. Although participants may have had additional clinic visits outside these specified time points in our 
study, the other time points were variable among the subjects and may not be representative of the overall study 
population and therefore they were not included in the analysis. Anti-glaucoma medications were discontinued, restarted, 
or adjusted based on the IOP at each follow-up visit at the discretion of the surgeon (N.N).
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Data Collection and Outcomes
Preoperative clinical information including BCVA, IOP measured by Goldmann applanation tonometry, pachymetry, 
gonioscopy, number of glaucoma medications, vertical cup-to-disc (C/D) ratio, and visual field mean deviation obtained 
from automated perimetry (24–2 Swedish interactive threshold algorithm [SITA] standard on Humphrey Field Analyzer- 
2; Carl Zeiss Meditec, Dublin, CA, USA), and optic nerve and retinal fiber layer analysis using optical coherence 
tomography (OCT) (Cirrus OCT, CarlZeiss Meditec, Dublin, CA, USA) were reviewed and recorded. The visual acuity, 
applanation IOP, and number of medications were recorded at week 1; at months 1, 3, 6; and at 1 year. Any laser or 
glaucoma surgery such as trabeculectomy, tube shunt or cyclo-destructive procedure were recorded. Any adverse events 
or complications such as postoperative hyphema, infections, or IOP spike (IOP>35 mm Hg) were recorded. The outcome 
measures were: (1) the success rate, which was defined as the proportion of subjects that had IOP ≤ 18 mm Hg without 
glaucoma medications; (2) the absolute postoperative IOP; and (3) the number of glaucoma medications, at one-year 
post-surgery.

Statistical Analysis
For continuous variables, the data were summarized using the mean and median as appropriate. Categorical variables 
were analyzed using the chi-square test or Fisher’s exact test. Paired t-tests or Wilcoxon tests were used to compare 
continuous variables between baseline and follow-up measurements within each group, while comparisons between the 
two groups were made using Student’s t-test.

To analyze the longitudinal data while accounting for the correlation of repeated measurements within the same subjects 
over time, repeated-measure models were utilized. For continuous outcomes, including IOP, number of medications, and 
visual acuity, multilevel mixed-effects linear regression models were employed. For binary outcomes, including the success 
rate and the percentage of medication-free patients, mixed-effects logistic regression models were used. The models were 
constructed to include interactions with time to assess changes in each outcome over the follow-up period. All analyses 
were conducted using STATA 16.0 (Stata Corp, College Station, TX), with a significance level set at p<0.05.

Results
A total of 78 eyes from 78 patients, who met the inclusion/exclusion criteria, were included in the study, comprising 29 
patients with OAG (12 NTG and 17 POAG) and 49 patients with CMG/PACG (44 CMG and 5 PACG). Patients can be 
further classified as having mild (OAG, n=21; CMG/PACG, n=33), moderate (OAG, n=4; CMG/PACG, n=14), or 
advanced glaucoma (OAG, n=2; CMG/PACG n=1), with no difference in severity found between the groups (p=0.22). 
The majority of patients were Chinese or Vietnamese (96%). The demographic and baseline characteristics are described in 
Table 1. There was no significant difference in baseline characteristics. Maximum IOP, defined as the highest IOP recorded 
before surgery, was similar in both groups. However, three patients in the OAG group were on IOP lowering medical 
therapy when maximum IOP was recorded, whereas none of the patients in the CMG/PACG group were on medications at 
the time when maximum IOP was recorded. In terms of IOP outcome, the OAG group showed similar IOP between baseline 
and 12 months (from 14.48 ± 3.02 to 14.84 ± 2.91 mmHg, p=0.56 for change), whereas the CMG/PACG group experienced 

Table 1 Baseline Demographic and Clinical Characteristics

Total OAG CMG/PACG p-Value
N=78 N=29 N=49

Age (years) 77.5 (6.1) 76.0 (6.1) 78.3 (6.0) 0.11

Eye 0.82

Right 39 (50%) 15 (52%) 24 (49%)

Left 39 (50%) 14 (48%) 25 (51%)

(Continued)
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a significant decrease (from 14.74 ± 2.99 to 13.21 ± 3.13 mmHg, p=0.004 for change). Although the baseline IOPs in 
medicated eyes were similar (p=0.71), the difference in the absolute IOPs at 12 months was statistically significant 
(p=0.02), lower in the CMG/PACG group. Repeated measures analysis also showed significantly lower IOP in the 
CMG/PACG group compared to the OAG group with a coefficient of −2.1 (95% CI −3.9 to −0.4, p=0.02).

Medication Use and Visual Acuity
There was a significant reduction in the number of medications from baseline to 12 months (OAG, baseline 2.37 (1.27) to 
12-months 0.38 (0.98), p<0.001; CMG/PACG, baseline 2.33 (0.99) to 12-months 0.20 (0.54), p<0.001). Visual acuity 
without correction (measured in decimal unit) improved significantly in both groups, with a median improvement 
between 0.3 to 0.4 (OAG, p=0.001; CMG/PACG, p<0.001). The difference between the groups was not significant for 
both number of and change in medications as well as visual acuity (all p>0.05).

Success Rates
The OAG and CMG/PACG groups showed similar success rates following Hydrus microstent implantation. The overall 
success rate (IOP ≤ 18 mmHg on no medications) was similar between the two groups, with 79% of OAG patients and 
82% of CMG/PACG patients achieving success at 12 months (p=0.80 for the difference). At the start of the study, all 
patients in the cohort used at least one medication. At 12 months, 83% of patients achieved medication-free status, with 
no significant difference between the two groups (OAG, 83%; CMG/PACG, 84%, p=0.92). However, the mixed-effect 
model showed that the OAG group tended to have a greater proportion of medication-free patients during the post
operative period than the CMG/PACG group, with coefficient of variation of –9.3 −17.6 to −0.9, p=0.03) (Figure 1). 
Additionally, of the eyes that did not meet the success criteria at 12 months, 1 of 6 eyes in the OAG group and no eyes in 
the CMG/PACG group increased in the number of medications. Some patients whose eyes did not meet the success 
criteria also underwent additional transscleral cyclophotocoagulation (TSCP) surgery (OAG, n=1) or had a change in 
medications (OAG, n=3; CMG/PACG, n=6), with no eyes requiring additional incisional surgery.

Table 1 (Continued). 

Total OAG CMG/PACG p-Value
N=78 N=29 N=49

Sex 0.44

Male 28 (36%) 12 (41%) 16 (33%)

Female 50 (64%) 17 (59%) 33 (67%)

Race 0.05

Chinese/Vietnamese 75 (96%) 26 (90%) 49 (100%)

Whites 3 (4%) 3 (10%) 0 (0%)

RNFL (µm) 81 (13) 81 (12) 80 (13) 0.80

VFMD (dB) −5.00 (3.61) −4.74 (3.86) −5.15 (3.50) 0.64

Cup-to-disc ratio 0.7 (0.4–0.8) 0.7 (0.6–0.8) 0.6 (0.4–0.8) 0.54

CCT (µm) 551 (38) 546 (48) 554 (32) 0.37

Maximum IOP (mmHg) 21.88 (5.27) 22.10 (7.03) 21.76 (3.97) 0.78

Notes: Data are presented as mean (standard deviation), median (interquartile range), and n (%). 
Abbreviations: OAG, open angle glaucoma; CMG/PACG, combined-mechanism glaucoma/primary 
angle closure glaucoma; RNFL, peripapillary retinal nerve fiber layer on optical coherence tomo
graphy (OCT); VFMD, visual field mean deviation on Humphrey Field Analyzer II; CCT, central 
corneal thickness; IOP, intraocular pressure.
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Table 2 compares the outcomes for the OAG and CMG/PACG groups. The success rate, percentage of medication- 
free patients, IOP, and number of medications over the 12-month follow-up period are shown in Figures 1 and 2. 
Regarding the complication rates, postoperative hyphema occurred in 4 patients (8.2%) in the CMG/PACG group and 1 
patient (3.5%) in the OAG group (p=0.64). A postoperative IOP spike (IOP > 35 mmHg) was noted in 3 patients (6.1%) 
in the CMG/PACG group and in none of the patients in the OAG group, although there was no significant difference 
between the groups (p=0.29). Among these cases, patients experienced corneal edema and inflammation (n=1) and 
sensitivity to steroids (n=2) causing an IOP rise at 1-week follow up.

Figure 1 Success (a) and Medication-Free Rates (b) Over 12 Months Following Surgery; The open angle glaucoma (OAG) group is represented by solid lines; The combined 
mechanism glaucoma/primary angle closure glaucoma (CMG/PACG) group is represented by dashed lines.

Table 2 Comparison of Cataract Surgery Plus Hydrus Implant Outcomes

Total [[N=78]] OAG [[N=29]] CMG/PACG [[N=49]] p-Valueb p-Valuec

Success at 12-months* 63 (81%) 23 (79%) 40 (82%) 0.80 0.36

Medication free at 12-months 65 (83%) 24 (83%) 41 (84%) 0.92 0.03

Intraocular pressure (mmHg)

Baseline 14.65 (2.98) 14.48 (3.02) 14.74 (2.99) 0.71 0.02

12-months 13.82 (3.13) 14.84 (2.91) 13.21 (3.13) 0.02

p-value a 0.04 0.56 0.004

Number of medications

Baseline 2.34 (1.09) 2.37 (1.27) 2.33 (0.99) 0.83 0.20

12-months 0.27 (0.73) 0.38 (0.98) 0.20 (0.54) 0.31

p-value a <0.001 <0.001 <0.001

(Continued)
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Discussion
In this retrospective study, we found that the postoperative IOP was lower in the CMG/PACG group compared to the 
OAG group. Although statistically significant, the absolute difference in postoperative IOP between groups is similar. 
However, the reduction in medication use was similar in both groups and the success rates were equivalent. Complication 
rates related to the Hydrus implant were low and not significantly different between the groups.

There may be various reasons to explain the effectiveness of combined cataract surgery with the Hydrus microstent in the 
CMG/PACG group. First, previous literature has consistently demonstrated that patients with angle closure and narrow angles 
tend to exhibit greater IOP reduction following cataract surgery.13,14 Similarly, prior studies have shown trends in greater IOP 

Figure 2 Mean Intraocular Pressure (a) and Number of Medications (b) Over 12 Months Following Surgery; The open angle glaucoma (OAG) group is represented by solid 
circles and lines; The combined mechanism glaucoma/primary angle closure glaucoma (CMG/PACG) group is represented by open circles and dashed lines.

Table 2 (Continued). 

Total [[N=78]] OAG [[N=29]] CMG/PACG [[N=49]] p-Valueb p-Valuec

Visual acuity (decimal)

Baseline 0.3 (0.1–0.3) 0.3 (0.2–0.4) 0.2 (0.1–0.3) 0.13 0.59

12-months 0.4 (0.3–0.4) 0.4 (0.3–0.4) 0.4 (0.3–0.4) 0.13

p-value a <0.001 0.001 <0.001

Notes: Data are presented as mean (standard deviation) and n (%). aPaired analysis for comparison between baseline versus 12-months. 
bComparison between OAG versus CMG/PACG at baseline and/or 12-months. cRepeated measures analysis for comparison between OAG versus 
CMG/PACG groups. *Success at 12-months defined as IOP ≤ 18 mmHg without glaucoma medication. 
Abbreviations: OAG, open angle glaucoma; CMG/PACG, combined-mechanism glaucoma/primary angle closure glaucoma.
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reduction in PACG compared to OAG eyes undergoing combined cataract surgery and other glaucoma surgery such as 
trabeculectomy.15,16 This phenomenon may explain the lower postoperative IOP in the CMG/PACG group in our study. 
However, our study did not include patients undergoing simple cataract surgery as control groups for both OAG and CMG/ 
PACG. Additionally, the lower IOP reduction in the OAG group may be explained by the high proportion of NTG eyes 
(41.4%), which have demonstrated a more modest IOP-lowering effect due to lower preoperative IOPs.17 Likewise, another 
study demonstrated modest reductions in IOP after combined cataract-Hydrus treatment on mild to moderate OAG, NTG, and 
OHTN with lower baseline IOPs.18 Our findings indicate that POAG and CMG/PACG groups showed greater success rates 
one-year post operation with Hydrus implantation (79% and 82%, respectively) than those reported in a previous study using 
iStent implantation for POAG and CMG groups (33.3% and 43.7%, respectively).11 For comparison, in the iStent study the 
IOP reduction in CMG eyes was 14.69 (3.39) at baseline to 14.58 (2.46) at 12 months, suggesting that the addition of Hydrus 
confers additional IOP-lowering benefit.11 Additionally, the POAG and CMG groups showed similar efficacy with the iStent 
intervention when comparing success rate and number of medications.11 However, future research with cataract surgery alone 
as controls would provide valuable insights as to specific benefits and downsides of adjunctive Hydrus implantation. Second, 
the slightly higher percentage of medication-free patients observed in the OAG group could suggest that our OAG cohort was 
more likely to discontinue medications and/or at an earlier time point compared to the CMG/PACG group. It is likely that the 
treating clinician was more comfortable stepping off medications for OAG patients, possibly due to the proven efficacy of the 
Hydrus stent in OAG patients.19–21 Furthermore, the target IOPs may have been different among the subjects within each 
cohort, eg those with angle-closure glaucoma tend to have more aggressive disease requiring lower pressures7 and thus may 
require more medication use. Moreover, eyes with PACG experience intermittent or acute elevations in IOP compared to 
a more gradual progression in POAG,7 which can cause greater optic nerve damage and benefit from greater medication use.

In our study, the percentage of medication-free patients at 12 months was high compared to previously reported 
rates.19–21 This could be due to the less severe glaucoma in our cohort, as our study included patients predominantly in 
the mild to moderate stage, many of whom were on few medications prior to surgery. This predisposition is supported by 
previous studies which have suggested that trabecular MIGS, such as the iStent, might be less effective in eyes with more 
advanced glaucoma, possibly due to irreversible pathology in the collector channels in such eyes.22 Given the mostly 
mild stage of glaucoma in our study, the post-Schlemm canal pathway might be more viable, resulting in a favorable 
response in terms of IOP control and a higher percentage of medication-free patients. Moreover, another cohort who 
underwent combined canaloplasty-Hydrus demonstrated a similar proportion of medication-free patients at 6 months 
(87.5%) with minimal complications,23 thus supporting Hydrus as an effective addition to phacoemulsification for mild 
to moderate POAG.

This study has potential limitations. For example, the study relies on data from a single ophthalmology clinic and 
a single glaucoma-trained specialist, although this setting may also lessen the variability across varying sites and 
surgeons. Also, the small sample size increases the variability of the data and introduces potential bias to the results. 
Moreover, the retrospective nature of the study can lead to selection bias in this convenience sample which may not be 
representative of the general population. Additionally, the study has a sample predominantly composed of Asian patients 
due to the clinic’s Vietnamese/Chinese patient demographic. Consequently, the study outcomes cannot be generalized to 
ethnic groups outside of Asians, or even necessarily to those who are not of predominantly Vietnamese or Chinese origin. 
Lastly, the Hydrus implant currently has FDA approval only for POAG and OHTN. However, it was selected for CMG 
and PACG cases because of its safety profile and potential to reduce IOP and medication use. Although there can be 
ethical issues of using medications or surgeries for CMG and PACG that are not specifically approved for those 
indications, it is common in clinical practice since almost all glaucoma medications and surgeries have approval only 
for OAG and OHTN. In addition, the Hydrus was only performed in eyes which had open angles in the surgical area 
(nasal quadrant). Future studies should explore the efficacy of the Hydrus implant on other and more diverse patient 
populations, since there may be different mechanisms that can influence the efficacy of the MIGS device.

Conclusion
In summary, this study provides early evidence about the efficacy of the Hydrus implant in mainly Asian eyes with 
CMG/PACG (compared to OAG), when performed in conjunction with cataract surgery. Prior studies have demonstrated 
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the effectiveness of the Hydrus implant in OAG, but studies have yet to show comparable data for other types of 
glaucoma.19,20 Given the high prevalence of PACG in Asian populations, our study provides early evidence to support 
this therapy for angle-closure eyes which are often at greater risk of blindness than open-angle subtypes of glaucoma.7 

Our study suggests that the success rate among patients undergoing cataract surgery together with the Hydrus implant is 
comparable between OAG and CMG/PACG groups. It is interesting to note that there is no significant difference in the 
mean IOP between preoperative and postoperative for the OAG group. However, the significant reduction in glaucoma 
medication use in both groups indicates that there is potential for the Hydrus to improve the quality of life for patients 
with mild/moderate glaucoma. Future studies can help to assess the impact of the Hydrus implant on different glaucoma 
types or in patients with more severe glaucoma beyond 1-year follow up and when compared to cataract surgery alone.
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