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Abbreviations: MIGS, minimally invasive glaucoma surgery; 
IOP, intraocular pressure; POAG, primary open angle glaucoma; 
OAG, open angle glaucoma

Introduction
After cataract, glaucoma is the second most prevalent cause 

of blindness worldwide.1 There are two major types of Glaucoma 
contributing to this worldwide problem, open angle and closed angle 
glaucoma. OAG is a slowly progressive process, primarily affecting 
adults. It results in optic nerve atrophy and cupping in addition to 
retinal damage over the course of years, with the majority remaining 
asymptomatic until advanced stages.2 Angle closure glaucoma on the 
other hand, results from acute closure of the anterior chamber angle 
resulting in a rapid increase in IOP, with subsequent optic nerve and 
ganglion cell damage.3 It is estimated that by 2040 the prevalence of 
glaucoma of both types will increase from approximately 64 million 
in 2013 to nearly 111 million.4 Major risk factors associated with 
acute angle closure glaucoma include age, female gender, family 
history, and Asian or Inuit descent. Signs associated with an increased 
risk of acute angle closure glaucoma include shallow peripheral and/
or central anterior chamber depth, thick crystalline lenses, and short 
axial length of the eye, ciliary body configuration, hyperopia, and 
steep corneal curvature.3

Risk factors for the development of OAG include age, family 
history in a first degree relative, African descent, Signs associated 
with an elevated risk of progression to OAG include elevated IOP, 

a thinner central cornea, lower intraocular perfusion pressure, 
disc hemorrhage, and a larger cup to disc ratio.2 The approach to 
management of patients with glaucoma differs based on type, open 
vs. closed. Acute angle closure glaucoma management is considered 
an ophthalmic emergency and treatment is aimed at lowering 
the IOP in as soon as possible. This can be accomplished with a 
combination of pharmacologic and/or surgical interventions, of 
which laser iridotomy is the preferred approach.3 Approaches to the 
management of OAG include a combination of medications, laser 
trabeculoplasty and/or other surgical methods.2 Ideas encompassing 
surgical management of glaucoma have been around since the mid-
1800. During this time, German ophthalmologist Albrecht von 
Graefe began to utilize iridectomy as a means of lowering IOP. 
Not long after, French ophthalmologist, Louis de Wecker designed 
a procedure to facilitate efflux of aqueous humor from the anterior 
chamber to the subconjunctival space. In 1876, he was successful 
in utilizing a golden conduit to create the first known implantable 
shunt in glaucoma patient’s refractory to iridectomy.5 In recent 
years, there have been efforts to develop novel surgical devices to 
improve outcomes, and reduce the risk and optimize vision recovery 
following glaucoma surgery, along with efforts to avoid the creation 
of a conjunctival bleb. The conjunctival bleb can leak and poses risk 
of late infectious complications that carry great ocular morbidity.6 
Following studies demonstrating the ability of cataract surgery to 
lower IOP in those with glaucoma by groups such as Mansberger et 
al.7 it was hypothesized that the addition of microstent implantation 
to patients undergoing cataract surgery would have an even greater 
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Abstract

Cataracts and glaucoma are the two most common causes of blindness worldwide. Since the 
1800’s ophthalmologists have been working to improve various approaches for reducing 
the elevated intraocular pressure (IOP) that occurs in both angle closure and open angle 
glaucoma (OAG). A recent trend has emerged referred to as minimally invasive glaucoma 
surgery (MIGS) procedures that share the common goal of reducing complications, and 
ocular morbidity associated with traditional incisional surgical management of glaucoma 
while maintaining a similar efficacy. Three new products or “microstents” have recently 
been approved by the FDA: iStent, CyPass, and Xen Implant for the management of 
chronic open angle glaucoma in patients who are refractory to other forms of management 
including pharmacotherapy and laser trabeculoplasty. Prior to FDA approval, several studies 
compared the efficacy of concurrent cataract surgery and microstent implantation to that of 
phacoemulsification alone. The Cypass and iStent were approved after demonstrating a 
reduction in IOP and topical IOP lowering therapy versus cataract surgery alone. Studies 
so far have compared the rates of IOP lowering, adverse events, and ocular hypotensive 
medication use at the end of a 12 month or 24-month follow-up periods. With the exception 
of the Xen implant, as published data outside of the FDA approval is forthcoming and the 
implant was placed in the absence of a concurrent cataract surgery, both the iStent and 
Cypass devices appear to have superior IOP lowering effect yet similar adverse events to a 
standard cataract surgery in isolation. This article summarizes the data of the major studies 
leading to the FDA approval of these devices.
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impact on IOP. Three approaches to the management of OAG (iStent, 
Cypass and the Xen Implant devices) have been developed within the 
last decade under the category of microinvasive glaucoma surgery 
(MIGS). All three involve the surgical implantation of microscopic 
stents, most often while the patient is undergoing cataract surgery. 
They have all recently received FDA approval for use in the United 
States.8‒10 The iStent and Cypass FDA approval label is for combined 
cataract and iStent or Cypass placement while the Xen implant 
approval includes a combined procedure or as a stand-alone implant.

Discussion
A search on clinicaltrials.gov for “iStent”, “CyPass”, and “Xen 

Implant” yields 31 studies for iStent, 6 for CyPass, and 3 for Xen 
Implant respectively.11 The 1mm long Titanium snorkel shaped 
iStent, manufactured by Glaukos Corporation in California, works 
by creating a conduit between the anterior chamber and the canal of 
Schlemm, effectively bypassing the trabecular meshwork and leading 
to a potential increase in aqueous humor outflow in OAG.8 In 2007, 
an original study, analyzing the effect of ocular hypotensive agents 
on IOP, was conducted by Spiegel, Wetzel, Haffner, and Hill. This 
prospective case series followed 6 patients with open-angle glaucoma 
and reported that both a reduction in IOP and a decreased need for 
glaucoma medications were significant through 1 year following the 
procedures. Mean IOP prior to implantation of 20.2 +/- 6.3 with a 
decline to a mean of 14-15 mmHg through at least 1 year.12 Despite 
demonstrating the iStent’s capacity to lower IOP alone, the studies 
leading to the FDA approval of this device, in June of 2012, were based 
on comparisons of iStent implantation alongside phacoemulsification 
versus cataract surgery alone.8 A prospective, randomized, controlled, 
multi-center clinical trial was conducted by Samuelson, Katz, Wells, 
Duh, Giamporcaro in 2011, to assess the benefit of implantation of the 
iStent device at the same time as phacoemulsification cataract surgery, 
compared with controls who underwent cataract surgery alone. 
Treatment and control groups were compared in terms of IOP≤21 
mmHg in patients without medication, 12 months following the 
procedure. By the end of the study it was determined that the addition 
of iStent placement to cataract surgery, had a favorable outcome 
profile, and was a less invasive procedure compared to traditional 
glaucoma surgeries, like trabeculectomy and glaucoma tube shunt 
placement. 72% of patients in the treatment arm were able to show 
IOP reductions to values equal to or below 21mmHg without use of 
intraocular hypotensive medications by 1 year following surgery. In 
contrast, 50% met this criterion in the control arm. Additionally, a 
reduction in IOP by ≥20% in comparison to baseline IOP was noted in 
66% of treatment and 48% of control group patients. The majority of 
the adverse events experienced were those commonly seen following 
phacoemulsification cataract surgery, very similar in rate between the 
control and experimental arms. Mean declines in IOP at the 12 month 
follow-up visit were similar between the control and experimental 
group at -8.5+/-4.3 and 8.4 +/- 3.6 respectively.1

A smaller trial conducted in Italy in 2009 by Fea, Consolandi, 
Zola, Pignata, Cannizzo et al., also found that long term pressure 
control was greater in patients who received both cataract surgery and 
simultaneous iStent implantation. Another recently approved device, 
the CyPassmicrostent developed by Transcend Medical Inc., United 
States of America, is a novel microscopic implantable stent aimed 
at treating glaucoma, through increasing outflow of the aqueous 
humor through the uveoscleral route, differing from the mechanism 
of the iStent. It was approved for use by the FDA in July of 2016 

for implantation concurrent with cataract surgery in patients suffering 
from both cataract and glaucoma.10 Approval of this device was largely 
based on a clinical trial conducted by Vold, Ahmed, Craven, Mattox, 
Stamper et al.13 A total of 505 eyes of 505 subjects, were assigned 
to a treatment group (374 participants), involving a combination of 
cataract surgery and Cypass implantation, and a control group (131 
participants), involving cataract surgery only. Comparison between 
treatment and control arms was made using the primary objective, 
the percentage of eyes showing a ≥20% decline in IOP two years out 
from surgery. Additional measures of efficacy included: comparisons 
of the fraction of participants with an IOP between 6 and 18 mmHg, 
mean change in IOP, mean ocular hypotensive medication use at 
the end of the trial, and ocular adverse events. 60% of controls and 
77% of Cypass recipients achieved their primary efficacy measure. 
Additionally, 85% of patients receiving a microstent implant did not 
require the use of any ocular hypotensive medications at the 24 month 
goal, compared to 59% in the control group. Mean decline in IOP at 24 
months was 7.4 +/- 4.4 for the experimental group, and 5.4 +/- 3.8 for 
the control group. Mean ocular hypotensive medication use was 0.2 
+/- 0.6 for the experimental group through 24 months while the control 
group was at 0.7 +/- 0.9 at 12 months and 0.6 +/- 0.8 at 24 months. 
Both the mean decline in IOP at 24 months and mean medication use 
was deemed statistically significant by the study group.14 The most 
recent FDA approval is the Xen Implant from AqueSys, approved 
for use in the United States in the fall of 2016, is not slated to begin 
circulation in this country until sometime in 2017. This device has 
been approved for, “management of refractory glaucomas, including 
cases where previous surgical treatment has failed, cases of POAG, 
and pseudoexfoliative or pigmentary glaucoma with open angles that 
are unresponsive to maximum tolerated medical therapy”.10 There has 
not been much data published regarding this device as it is new to the 
market in the United States.

The American Academy of Ophthalmology asserts that Rohit 
Varma, M.D. of the University of Southern California’s Roski Eye 
Institute led a trial showing a decrease in both IOP and number of 
intraocular hypotensive medications used at 12 months following 
Xen Implant surgery, leading to its FDA approval in November of 
2016.15 According to clinicaltrials.gov, there are two ongoing trials 
assessing the utility of the Xen implant in the management of POAG. 
One of these studies does not include participants from the United 
States, and is comparing group patients with POAG receiving the 
Xen implant alone, to a group receiving simultaneous Xen implant 
and phacoemulsification. The other study is being carried out in the 
United States, and is a prospective, multicenter trial is following 
a single group, all with POAG, receiving the Xen implant alone.11 
An additional study by Galal, Bilgic, Eltanamly, Osman (2017), 
has assessed the effectiveness of the Xen implant with concurrent 
subconjunctival mitomycin C in lowering IOP. 13 eyes were evaluated, 
3 of which had already undergone phacoemulsification and an 
additional 10 underwent simultaneous phacoemulsification with stent 
placdement. Results were significant for a decline in IOP following 
stent implantation with a pre-op mean IOP was 16 +/- 4 mmHg which 
dropped to 9+/-5 mmHg by 1 week following the implantation and 
remained decreased at 12 +/- 3 mmHg at 1 year.16

Both the iStent and CyPass FDA approval studies compare the 
outcomes of treatment of patients with OAG with a combination of 
microstent placement and cataract surgery to a control group receiving 
cataract surgery alone. Both studies demonstrate fewer adverse 
outcomes compared to traditional glaucoma surgery. One adverse 
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outcome common to both devices is postoperative stent obstruction. 
iStent showed a 3.6% (4/111) obstruction rate compared to the 
Cypass study demonstrating a rate of only 2.1%. An additional shared 
adverse outcome between the iStent and Cypass is subconjunctival 
hemorrhage. In the Samuelson, Katz, Wells, Duh, Giamporcaro 
study from 2011, both the control and treatment arms shared a 
subconjunctival hemorrhage rate of 2%. The treatment group in the 
Vold, Ahmed, Craven, Mattox, Stamper et al. study, showed a 1.6% 
rate of subconjunctival hemorrhage with a rate of 0.8 in the control 
group. Although the CyPass trial observed patients for a longer period 
of time following the experimental procedure, both demonstrated 
outcomes favoring the addition of the microstents to cataract surgery 
as methods of additional IOP lowering. There are no studies in the 
literature currently that directly compare the MIGS procedures to one 
another. The greatest theoretical advantage of the iStent and Cypass 
is the lack of conjunctival manipulation and dissection, avoiding the 
creation of a conjunctival bleb and its inherent risks of late leak and 
even infection.1,10

Conclusion
All three devices offer alternatives to traditional surgical 

treatment of patients with OAG. These additional options allow 
glaucoma surgeons to tailor the surgical risk and benefit profile to 
the individual patient based on the severity of their glaucoma, their 
lifestyle, and target IOP level. Furthermore, these devices hold the 
potential for a more rapid and meaningful vision recovery following 
glaucoma surgery. In patients who have trouble with administration 
of or compliance with topical medication, a combined cataract MIGS 
surgery can prove to be the safest method of decreasing their need 
for drops and improving their quality of life. Additionally, compared 
to traditional glaucoma surgery, these three approaches offer a less 
invasive method of lowering intra-ocular pressures with an improved 
safety profile and a more rapid recovery of vision. It will be interesting 
to discover what the future might hold for these and other novel 
approaches to the management of glaucoma.
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