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Statement of Need
Given the amount of data, emerging research, and the 

sheer volume of peer-reviewed publications on the topic 
of glaucoma, the burden on ophthalmologists to identify 
and learn about new diagnosis and treatment strategies 
remains high. Due to the projected increases in glauco-
ma patient care services,1 it is especially critical that clini-
cians are aware of the most recent developments and are 
treating glaucoma in the most effective manner possible.  

Undiagnosed and suboptimally treated glaucoma 
results in irreversible vision loss. Specifically, patients may 
lose more than 40% of their optic nerve fibers before 
noticing a loss of peripheral vision.2

Glaucoma and cataracts are often comorbid diseases, 
which brings glaucoma management within the purview 
of comprehensive ophthalmologists. Busy glaucoma spe-
cialists and anterior segment surgeons need to be aware 
of emerging information and patient management strat-
egies to optimize their treatment planning.

Glaucoma is the second most common cause of legal 
blindness in the United States3 and the leading cause of 
irreversible blindness in the world.4,5 As many as half of the 
nearly 3 million people in the United States who suffer from 
glaucoma may be unaware they even have the disease.4 

The objective of glaucoma management is to halt the 
disease’s progression by providing a clinically significant, 
sustained drop in intraocular pressure (IOP) in a way that 
ensures patient compliance and has a favorable risk profile. 

Topical ophthalmic medications have long been con-
sidered the first line of therapy for glaucoma patients.  
Their side effects are considered to be benign, especially 
compared to options such as trabeculetomy and tube 
shunts. However, it is well documented that among 
those glaucoma patients who have been diagnosed and 
are prescribed drug therapy, compliance is far from 
optimal—which is common in chronic conditions that 
are largely asymptomatic (ie, hyperlipidemia, hyperten-
sion, etc).6-8 

If medical therapy fails to lower IOP to acceptable 
levels, treatment generally moves on to laser trabecu-
loplasty and then to penetrating or nonpenetrating 

surgical interventions with or without shunt placement. 
Surgical glaucoma procedures that remove tissue or use 
an ab externo device to filter fluid via an artificially cre-
ated pathway have been shown to effectively lower IOP, 
and in many cases eliminate the need for medications. 
However, these procedures are associated with numer-
ous complications, including infection, inflammation, 
vision loss, bleb leak, bleb encapsulation, hypotony, cata-
ract, and the need for subsequent surgery.9-11   

There has been a gap in glaucoma treatment options 
until recently. Newly FDA-approved therapies are now 
available that reduce the drug burden on patients with-
out introducing the risks associated with trabeculectomy 
and tube shunts. 

Target Audience
This certified CME activity is intended for glaucoma 

specialists and general eye care professionals.

Learning Objectives
Upon completion of this activity, the participant 

should be able to: 
•	 Effectively manage patients given issues of compliance 

with glaucoma medications
•	 Cite the role of cataract surgery in lowering IOP 
•	 Develop appropriate treatment strategies for glau-

coma that include newly approved treatment options

Method of Instruction
Participants should read the continuing medical 

education (CME) activity in its entirety. After reviewing 
the material, please complete the self-assessment test, 
which consists of a series of multiple-choice questions. 
To answer these questions online and receive real-time 
results, please visit http://www.dulaneyfoundation.org 
and click “Online Courses.”

Upon completing the activity and achieving a pass-
ing score of over 70% on the self-assessment test, you 
may print out a CME credit letter awarding 1 AMA PRA 
Category 1 Credit.TM The estimated time to complete this 
activity is 1 hour.
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This activity has been planned and implemented 
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of the Dulaney Foundation and Glaucoma Today. The 
Dulaney Foundation is accredited by the ACCME 
to provide continuing education for physicians. The 
Dulaney Foundation designates this enduring mate-
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Changing the Glaucoma 
Treatment Paradigm
the future of glaucoma surgical 
therapies
Dr. Samuelson:  The past few years have seen a plethora 
of new glaucoma treatment options become available. 
I have been practicing for 20 years, and I feel that this is 
clearly the most exciting time in the evolution toward 
expanded treatment options for the management of 
glaucoma. Great technological advances are enabling us 
to enjoy measurable improvements in the surgical man-
agement of glaucoma, especially in terms of safety.  

The greatest research interest has been in finding treat-
ments that are less invasive and have lower risk profiles 
compared to traditional glaucoma surgeries such as trab-
eculectomy and the implantation of glaucoma drainage 
devices. A new group of devices and procedures known 
for their low risk profile and minimally invasive nature are 
changing the glaucoma treatment algorithm. No longer 
should patients be placed on maximum medical therapy 
until uncontrolled IOP and vision deterioration justify 
invasive and complicated surgery. New treatment options 
not only can reduce medications, but they may also open 
up the field for comprehensive ophthalmologists, who see 
the majority of mild-to-moderate glaucoma cases.

Dr. Ahmed:  To define a specific subset of the many ad-
vances in glaucoma treatment in the past few years, I have 
coined the term micro invasive glaucoma surgery (MIGS). As 
specified in the peer-review article I coauthored with Hady 
Saheb,1 MIGS procedures share five specific characteristics: 
(1) an ab interno microincision, (2) minimal trauma, (3) 
efficacy, (4) a high safety profile, and (5) rapid recovery 
(Figure 1). The ab interno approach allows the direct 
visualization of anatomic landmarks while also sparing the 
conjunctiva, minimizing the refractive impact, and avoid-
ing the serious complications seen with other glaucoma 
surgeries. MIGS procedures can occur in three different 
spaces: Schlemm canal, the suprachoroidal space, and the 
subconjunctival space.

Because MIGS procedures combine easily with cataract 
surgery, both glaucoma specialists and comprehensive 
ophthalmologists should be able to perform them with a 
relatively short learning curve. The modest efficacy of most 
MIGS procedures compared to more invasive glaucoma 

treatments is balanced by an ultra-low risk profile.
There are currently eight devices either approved or cur-

rently undergoing review by the FDA that I believe fall into 
the MIGS category (see Table 1 for their current status).

1.	The AqueSys implant (Aquesys, Inc.) procedure 
involves the ab interno placement of a microfistula to 
the subconjuntival space.

2.	The Cypass suprachoroidal microstent (Transcend 
Medical, Inc.) is made of polymide material and is 
inserted ab interno into the suprachoroidal space 
through a manual inserter.

3.	Excimer laser trabeculostomy (ELT), invented by 
Michael Berlin, MD, creates small holes in the trabecular 
meshwork and inner wall of Schlemm canal by using 
energy from a quartz fiberoptic probe connected to a 
xenon chloride pulsed excimer laser. Eight to 10 laser 
punctures are spaced over 90º, with visible whitening of 
the trabecular meshwork and bubble formation.

4.	The Hydrus Microstent (Ivantis, Inc.) is a nitinol intra-
canalicular (in the canal) scaffold that has an inlet into 
the anterior chamber and contains three windows 
along its 8-mm length. 

5.	The iStent Inject device (Glaukos Corporation) is a 
second-generation trabecular micro-bypass implant 
that allows for the implantation of two stents with-
out having to leave the eye. 

6.	The iStent Supra (Glaukos Corporation) is a micro-
bypass implant made of Polyethersulfone (PES) that is 
inserted ab interno into the suprachoroidal space.

7.	The FDA-approved iStent Trabecular Micro-Bypass 
implant from Glaukos Corporation is a heparin-coat-
ed titanium device that is implanted into Schlemm 
canal following cataract surgery.

8.	The ab interno Trabectome (NeoMedix, Inc.) procedure 
removes a strip of trabecular meshwork and inner wall 
of Schlemm canal using high-frequency electrocautery.

•	 Ab interno microincision
•	 Minimal trauma
•	 Efficacious

•	 High safety profile
•	 Rapid recovery

FIgure 1.  Characteristics of 
MicroInvasive Glaucoma Surgery
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Because these new surgical options avoid conjunctival 
incisions, they preserve the possibility of subsequent 
conjunctival surgery should it be necessary. Most impor-
tantly, these MIGS procedures have few side effects, yet 
still control pressure. For most patients, an IOP in the 
mid-teens is sufficient to halt visual damage and elimi-
nate the need for medication. 

As procedures, devices, and diagnostic technologies 
continue to be developed within this surgical space, it is 
important to address the gaps in our current glaucoma 
treatment algorithm and identify ways to better serve 
our patients.

Challenges With Medical Therapy for 
glaucoma

In the following roundtable, glaucoma specialists discuss 
the impact of recent studies on clinical practice.

Dr. Samuelson:  Let’s discuss the adequacy or inad-
equacy of medications as a management for glaucoma.

Dr. Kahook:  Once the decision to treat glaucoma 
or ocular hypertension (OHT) is made, primary therapy 
typically consists of a topical drop designed to lower IOP. 
Most commonly, we use the prostaglandin analog class of 
medication, which is prescribed once per day. However, 
many patients require a second or third medication, which 
can increase the dose load per day from one to eight or 
more drops per day.

One of the common problems with medical therapy 
for glaucoma is poor patient adherence. Investigators in 
the Glaucoma Adherence and Persistency Study (GAPS)2 
conducted a retrospective analysis of a pharmacy claims 
database and found that 1 year after the initial prescription, 
only 10% of subjects were 100% persistent in filling their 
prescriptions for ocular hypotensive medication. Another 
study3 that allowed the definition for adherence to include 

patients who intermittently refilled their prescriptions 
found that only 37% of patients had refilled their ini-
tially prescribed medication within 60 to 120 days at 
3 years after their initial dispensing. So, we know that 
large percentages of patients do not take their medi-
cations as prescribed (Table 24). The reasons for the 
lack of adherence range from physical limitation in the 
elderly population all the way through to issues with 
side effects. Thus, although topical therapy is the over-
all mainstay of glaucoma therapy, medications fail in 
many cases, and we have to advance to laser trabeculo-
plasty or invasive surgery. 

Dr. Katz:  The biggest limitation with medical thera-
py, in my mind, is the compliance issue. We would like 
to think that all patients are taking their medications 
as prescribed, but many indications point otherwise. A 
large percentage of our patients are so noncompliant 
that their condition is probably going to worsen as a 
result, as evidenced by studies showing that poor com-
pliance is associated with higher IOPs and greater visual 
field loss.5 

I think the biggest challenge for us in terms of medical 
therapy for a chronic condition like glaucoma is to con-
vince our patients to continue to use their medications. 
We know it costs them money, it is hard for them to 
remember to take it, and there may be side effects asso-
ciated with the use of medication. 

Although newer and better medications may be in the 
pipeline, we are certainly not going to develop a drug that 
patients only have to take once per week or once per 
month to achieve IOP control. Any other drop will still 
have all of the same issues with compliance that we cur-
rently have (Table 36). There may be interesting ways of 
delivering drugs on the horizon, but we have been talking 
about those options for the past 2 decades, and we are still 
waiting for something other than eye drops. In addition, 

Table 1.  Current status of MIGS Devices

MIGS Device Approval Status

AqueSys Conducting phase 3 trials

Cypass Suprachoroidal Microstent Recruiting for US pivotal trial

Excimer laser trabeculostomy Not yet approved in the US

Hydrus Microstent Initiated US pivotal trial in March 2012

iStent inject Recruiting for US pivotal trial

iStent upra Recruiting for US pivotal trial

iStent Trabecular Micro-Bypass FDA approved

Trabectome FDA approved
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physicians are terrible at gauging who is adherent and who 
is not. Patients typically do take their medication 1 or 2 
days before seeing the doctor, so we think they are con-
trolled when really they are not.

Dr. Donnenfeld:  We must also consider the quality of 
the ocular surface and quality-of-life issues associated with 
glaucoma drops that are sometimes ignored. Long-term 
use of glaucoma medications affects the ocular surface 
negatively, reduces quality of vision, and leaves the patient 
with erythema and foreign body sensation.7 Ocular dis-
comfort also reduces compliance. Furthermore, some 
medications have systemic side effects that we physicians 
tend to ignore, but that are real and can have an impact 
on morbidity in these patients. 

Finally, in the economic environment we live in 
today, it is worth noting the cost of glaucoma medica-
tions and patients’ ability to pay for them. Many people 
cannot afford their medications, even with copays; they 
cannot afford to use two or three medications every 
day for years on end. A treatment that would allow 
them to reduce or eliminate the need for daily medica-
tions would relieve a significant financial burden. As 
responsible physicians, we have to understand that 
issue.

Dr. Katz:  Further to Dr. Donnenfeld’s comments, 
studies have found that even with patients who fill 
their prescriptions and report they are using them cor-
rectly, the vast majority are not, in fact, able to instill a 
single drop into their eye without touching the corneal 
surface.8 Thus, among those individuals who are cov-
ered by insurance and can pay for their medications, 
many run out before they are due for their next refill, 
and they simply do not take any medication during 
that time. 

Pros and Cons of Current Surgical 
Interventions

Dr. Samuelson:  Let’s discuss now the surgical options 
for the treatment of glaucoma. Dr. Katz, you have con-
ducted some work on the efficacy of laser trabeculo-
plasty as compared to medical therapy. It seems to me 
that we do not use this strategy as much as we could 
or arguably should as an initial treatment for managing 
glaucoma. Why is that?

Dr. Katz:  I agree that we do not use laser trabeculo-
plasty enough, and I do not think there is one reason 
why. Part of the explanation is that laser trabeculoplasty 
works best when used as an initial treatment as opposed 
to adding it onto a medication, and historically, we have 
tended to use laser trabeculoplasty after failing medi-
cal therapy. An example would be placing a patient on 
timolol maleate 0.5% ophthalmic solution and then add-
ing a prostaglandin. The prostaglandin, which is currently 
the number-one option for most patients, would not as 
effectively lower IOP as an adjunctive therapy as it would 
as an initial monotherapy.

Over the years, we surgeons have been taught to use 
medications, lasers, and surgery in that order, and it is 
hard to break that habit. Another drawback to using 
lasers is that many patients have a negative misconcep-
tion of them; they equate all lasers with high-risk treat-
ments such as panretinal photocoagulation in cases of 
diabetic retinopathy. We must educate patients that 
this is a totally different laser.  

Dr. Kahook:  When I diagnose patients with glau-
coma, I review the three kinds of treatments typically 
used: medication, laser trabeculoplasty, and surgery. 
When patients hear the word laser uttered, oftentimes 
they think about applications such as those discussed 

Table 2.  Summary of Pilocarpine 
compliance by patient report and by eye 

drop monitor4

Patient Report 
(n=184)

Eye drop monitor

Percent of pre-
scribed doses taken

Number % Number %

0 – 24.9% 0 0 11 6.0

25 – 49.9% 0 0 17 9.2

50 – 74.9% 2 1.1 35 19.0

75 – 100% 182 98.9 121 65.8

TAble 3.  Problems encountered during  
self-administration of eye drops6

Problem % Patients

Directing the bottle
    Miss frequently
    Miss occasionally

36
13

Shaky hand 8

Difficulty squeezing the bottle 20

Blinking 12

Poor visibility of dropper tip 13

Inadvertently inserting dropper tip into eye 9

Reading labels and identifying medication 14
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by Dr. Katz, but I think a lot of their impression has to 
do with how the option is presented. I find that a large 
percentage of my patients do accept trabeculoplasty 
as the first-line therapy. We do not have the issues of 
compliance and adherence with laser therapy that we 
do with medical therapy, and that is a great benefit. 
However, laser trabeculoplasty does not necessarily 
work on everybody, so we often have to resort to medi-
cal therapy, which brings us back to the problems with 
adherence previously discussed.

Dr. Lewis:  Because we know that patients are often 
noncompliant with medications, we start investigating 
surgical management. I agree that the initial approach is 
with laser trabeculoplasty. Although a laser is effective at 
lowering IOP, the effects often do not last long term, and 
there is some question about the efficacy of repeating 
treatments.

Dr. Samuelson:  What role does endoscopic cyclopho-
tocoagulation or transscleral cyclophotocoagulation play 
in your practices?

Dr. Donnenfeld:  As a cataract and corneal surgeon, 
I see a tremendous amount of glaucoma in my prac-
tice, and I often initiate medical therapy. I will transfer 
these patients’ care to my partners who are glaucoma 
specialists once these individuals develop a significant 
glaucomatous problem. However, endoscopic cyclo-
photocoagulation (ECP) is the one procedure that I 
perform. When I see a patient scheduled for penetrat-
ing keratoplasty and who has significant glaucoma, it 
is very simple to perform ECP at the same time as the 
corneal procedure with good results. ECP is an inflam-
matory process, and these patients will generally have 
very hot eyes for a period afterward, but I think we are 
moving toward combining glaucoma procedures with a 
primary procedure such as a corneal transplant or cata-
ract surgery. I feel much more comfortable, however, 
letting glaucoma specialists manage isolated glaucoma 
procedures.

Dr. Katz:  ECP really is not a mainstream procedure 
for glaucoma surgeons, for a number of reasons. As 
Dr. Donnenfeld mentioned, it is fairly inflammatory; it 
destroys the ciliary body and tissue inside the eye that 
secretes aqueous fluid to regulate IOP. Glaucoma is 
an outflow disease, not a hypersecretion disease, so it 
really does not make sense to perform ECP in eyes with 
generally good vision. Having said that, there are great 
examples where ECP is very helpful. In our institution, 
my colleagues and I tend to use it in patients who really 

are at the end of the road. For example, it is wonderful 
in cases in which we do not want to implant a third 
tube shunt. Thus, we reserve ECP for select cases; it cer-
tainly is not a mainstream glaucoma procedure for us.

Dr. Kahook:  I typically reserve ECP for patients who 
are undergoing cataract extraction and have already had 
a glaucoma drainage device implanted, or those who 
have had one or more failed trabeculectomies. I do not 
find that ECP works well for most patients undergoing 
cataract extraction in the setting of mild-to-moderate 
glaucoma. 

Dr. Samuelson:  For patients who need something 
more, our traditional treatment options have been 
trabeculectomy and aqueous drainage devices. Let’s 
discuss the relative strengths and weaknesses of those 
surgical categories.

TRABECULECTOMY VERSUS AQUEOUS 
DRAINAGE DEVICES

Dr. Katz:  We have a long historical track record with 
trabeculectomy, as both a standalone procedure and 
combined with cataract surgery. It can be performed 
with phacoemulsification as a single-site or double-site 
approach, with and without antimetabolites. Of course, we 
also know the potential dangers of a filtering procedure.

There is some experience with inserting tube shunts as 
well, even combined with phacoemulsification. For some 
surgeons, that is another effective way of controlling 
IOP in many patients. Trabeculectomy and tube shunts 
have been our two most common procedures in the 
glaucoma community, with ECP used more by the com-
prehensive ophthalmologist in combination with phaco-
emulsification to gain additional control of IOP.

Dr. Kahook:  In my practice, with most patients whose 
glaucoma is progressing despite maximum medical ther-
apy, and regardless of whether their disease is considered 
moderate or severe, the surgery of choice is often a trab-
eculectomy, insertion of an Ex-Press Glaucoma Filtration 
Device (Alcon Laboratories, Inc.), or use of a glaucoma 
drainage device. All of these approaches are invasive and 
carry with them the possibility of significant morbidity. 
In my opinion, there is a great need for an effective, mini-
mally invasive treatment option for patients with early-
to-moderate-stage glaucoma. Such options would allow 
us to tailor therapy for our patients. 

Dr. Donnenfeld:  I do not perform trabeculectomy or 
use tube shunts due to the demands of managing the 
patient postoperatively and the high complication rate. 



september/october 2012  Supplement to glaucoma today  9 

Changing the Glaucoma Treatment Paradigm

If I had a procedure that would offer lower IOP with less 
morbidity, I would certainly gravitate toward it.

Dr. Samuelson:  My colleagues and I often delay filtra-
tion surgery until the eye’s target pressure is closer to 
10 or 12 mm Hg so that we can justify the risks. I often 
wonder what would happen if we had something safer 
that could be used earlier in the process of the disease, 
when the target IOP is less aggressive. For example, a safe 
procedure, used earlier, might yield a pressure of 14 to 
18 mm Hg and still meet the target for that particular 
patient. If such a device were available, we would not 
delay surgery until the disease is so advanced that an IOP 
of 10 to 12 mm Hg is required.

Dr. Lewis:  The most definitive way of controlling 
glaucoma currently is to perform a trabeculectomy. 
That procedure still plays a big role in advanced disease, 
where the risks are offset by the benefits for patients 
who have more profound visual loss. We are looking for 
a surgical treatment for early glaucoma that is safe and 
controls the disease in the long term. Medications work 
when patients take them, but patients often fail to do 
so. This is where these new MIGS procedures are going 
to play a big role. They allow us the opportunity to 
surgically treat glaucoma earlier in the disease course, 
safely and effectively.

Dr. Donnenfeld:  In the United States, people who 
undergo cataract surgery now have significant expec-
tations for their postoperative quality of vision and 
quality of life. They expect to see well. If a patient with 
glaucoma and cataracts could be offered a safe and 
effective procedure that allowed the rapid return of 
visual quality and a reduction or elimination of their 
glaucoma medications, this would be a technology that 
would change my approach to combining cataract and 
glaucoma surgery.

Dr. Kahook:  Usually, the discussion about which 
glaucoma procedure is most preferable and how to 
move through the decision-making process occurs 
between glaucoma specialists. We think in terms of at 
what point a trabeculectomy or glaucoma drainage 
device is needed. But the truth is, most glaucoma cases 
are seen by general ophthalmologists and busy cata-
ract surgeons who do not use these modalities. I have 
heard that approximately 20% of the cataract surgeries 
performed in the United States are on patients who 
also have coexistent glaucoma. By the time I see them 
in my practice, those individuals have already under-
gone phacoemulsification and have been followed to 

the point where the risk-to-reward ratio, as it relates to 
invasive surgery, has tilted toward sending them to a 
glaucoma specialist. 

EARLY-TO-MODERATE GLAUCOMA
Dr. Samuelson:  We all agree that for people with very 

aggressive and advanced glaucoma—the worst form 
of the disease that we see—trabeculectomy is the gold 
standard. I do not see that standard changing anytime 
soon. However, I want to discuss patients with early-to-
moderate glaucoma in particular. How has your manage-
ment of phakic glaucoma changed in the last decade 
with the advent of new medicines and since clear corneal 
cataract surgery has become the gold standard?

Dr. Kahook:  Numerous articles have reported on the 
IOP-lowering efficacy of phacoemulsification.9 As a fellow 
with Joel Shuman, MD, I was exposed to his teachings 
on the pathophysiology of the changes noted in the 
trabecular meshwork after phacoemulsification that lead 
to a decrease in IOP.10 With patients who have a visu-
ally significant cataract and are on a single IOP-lowering 
medication, oftentimes phacoemulsification alone can 
decrease IOP in a significant and sustained fashion. In 
many cases, the decrease in IOP can last 3 to 5 years.  

Dr. Donnenfeld:  I think that all of the data out there 
confirm that yes, phacoemulsification can lower IOP. 
However, that does not mean that every patient who 
undergoes phacoemulsification experiences a decrease 
in IOP. As a group they do, but there are some patients 
who do not, and some patients who actually have a sus-
tained increase in pressure. I have performed successful 
cataract surgery in patients who were on one medication 
prior to surgery, and 2 months out, they are on three 
medications, and their IOP is 35 mm Hg. Their glaucoma 
is uncontrolled, and I send them to a glaucoma specialist 
for further management. So yes, in general, phacoemul-
sification in the right eyes can lower IOP to target levels, 
but not in every patient.

Dr. Samuelson:  This discussion underscores that 
glaucoma is such a heterogenous disease. We have to 
continue to be mindful that some patients have much 
more aggressive courses than others. When considering 
all patients, early and advanced, that have both cata-
ract and glaucoma, has your use of combined phaco-
trabeculectomy procedures increased or decreased in 
recent years?

Dr. Kahook:  I would say that my use of combined 
phaco-trabeculectomy, or even more rarely, phaco-tube, 
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has decreased over the years. I do not combine these 
procedures unless a patient has very advanced glaucoma 
with advanced visual field defects along with a visually 
significant cataract, and there is a compelling need to 
limit visits to the OR. 

In patients with advanced glaucoma, I usually perform 
the glaucoma surgery first and then give the eye some 
time to recover, followed by phacoemulsification if 
needed. In cases of early-to-moderate glaucoma, I per-
form the phacoemulsification first and then see how the 
IOP responds, to gauge if the glaucoma procedure is still 
needed.

Dr. Lewis:  Combined phaco-trabeculectomy is the 
most widely reported procedure for combined surgery.9 
MIGS procedures provide the opportunity to surgically 
manage glaucoma without the risks of trabeculectomy 
and all its inherent complications (Table 411). Now, we 
will be able to give the patient who is on one to three 
medications at the time of cataract surgery greater con-
trol of their pressure over time, and hopefully get them 
off the medications as well.

Dr. Ahmed:  Other surgical alternatives to MIGS 
include Canaloplasty (iScience International), the SOLX 

Table 4.  Postoperative complications in the tube versus trabeculectomy study11

Tube group n (%) (n=107) Trab. group n (%) (n=105)

Early  postoperative complications

  Choroidal effusion 15 (14) 14 (13)

  Shallow or flat anterior chamber 11 (10) 10 (10)

  Wound leak 1 (1) 12 (11)

  Hyphema 2 (2) 8 (8)

  Aqueous misdirection 3 (3) 1 (1)

  Suprachoroidal hemorrhage 2 (2) 3 (3)

  Vitreous hemorrhage 1 (1) 1 (1)

  Decompression retinopathy 0 1 (1)

  Cystoid macular edema 0 1 (1)

Late postoperative complications

  Persistent corneal edema 10 (9) 8 (8)

  Dysesthesia 1 (1) 8 (8)

  Encapsulated bleb 2 (2) 6 (6)

  Choroidal effusion 2 (2) 4 (4)

  Cystoid macular edema 5 (5) 1 (1)

  Hypotony maculopathy 1 (1) 4 (4)

  Persistent diplopia 5 (5) 0

  Bleb leak 0 5 (5)

  Tube erosion 5 (5) -

  Endophthalmitis/blebitis 1 (1) 3 (3)

  Chronic or recurrent iritis 2 (2) 1 (1)

  Tube obstruction 3 (3) -

  Retinal detachment 1 (1) 1 (1)

  Corneal ulcer 0 1 (1)

  Shallow or flat anterior chamber 1 (1) 0

Total no. of patients with postoperative complications 42 (39) 63 (60)
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Gold Shunt (SOLX), and the ExPress Glaucoma Filtration 
Device. Canaloplasty may be more efficacious than 
MIGS and appears to have a lower risk than traditional 
bleb-forming surgery. In comparison, the ExPress device 
is quite efficacious but carries significant additional risk. 
The SOLX Gold Shunt, while blebless, is inserted into the 
supraciliary space via an ab externo procedure.

Efficacy and Patient Profile of the Ab 
Interno Micro-Bypass Implant

Dr. Samuelson:  We all long for a safe glaucoma proce-
dure that we can combine with cataract surgery. As the 
medical monitor for the iStent FDA Trial,12 what is your 
analysis of the ab interno micro-bypass device in terms 
of safety and efficacy, Dr. Katz?

Dr. Katz:  As far as safety, the micro-bypass implant 
combined with phacoemulsification was compared to 
cataract surgery alone, and there was very little difference 
between the two groups. The FDA trial did not manifest 
anything unforeseen in terms of intra- or postoperative 
problems, and there was no apparent effect on the cor-
nea. So from a safety angle, this looks like a pretty safe 
procedure to perform in eyes that are undergoing con-
current cataract surgery, as was concluded in the article.

Dr. Lewis:  The results from the US pivotal study12 
showed that IOP reduction with fewer medications was 
clinically and statistically significantly better after implan-
tation of the micro-bypass device plus cataract surgery 
versus cataract surgery alone. Of eyes that received the 
micro-bypass device, 72% achieved unmedicated IOP 
of less than 21 mm Hg at 1 year, compared to 50% of 
eyes that had cataract surgery alone. In addition, 66% of 
the eyes that received the micro-bypass device achieved 
greater than 20% in IOP reduction without medications, 
compared to 48% of the control group. From these 
results, we can see that placement of a single micro-
bypass device makes a significant contribution toward 
reducing IOP and the burden of medications in patients.

 Dr. Ahmed:  There is a great synergy between cata-
ract surgery and the use of the ab interno micro-bypass 
device, and the combination allows for a more consistent 
reduction of IOP as well as reduced medication burden 
for the patient. In a terminal washout study13 that com-
pared cataract surgery alone to cataract surgery with an 
iStent Trabecular Micro-Bypass device, the latter group 
achieved a greater reduction in IOP by approximately  
3 mm Hg, which translated to a mean IOP of 16.6 mm 
Hg. Whereas cataract surgery alone tends to lower IOP, 

when it is combined with a micro-bypass implant, a 
greater percentage of patients are able to be free of 
medication after surgery. I have participated in the inves-
tigational trials for AqueSys, Cypass, Hydrus, iStent and 
Trabectome, and although the iStent and Trabectome 
are the only ones currently approved by the FDA, they all 
have the ability to reduce the burden of medication.

Dr. Samuelson:  Dr. Donnenfeld, recently you have 
shown some enthusiasm for getting involved in glau-
coma, and I know you traveled to Armenia to gain some 
experience with the ab interno micro bypass-device. Can 
you tell us your analysis of this new technology?

Dr. Donnenfeld:  I decided to not get involved with 
surgical glaucoma because in my opinion, the compli-
cation rate was too high for me and my patients as a 
cataract and corneal specialist. I felt surgical management 
should be left to a specialist dedicated to glaucoma sur-
gery. For the past 25 years, I have been looking for a glau-
coma treatment that would offer similar efficacy to what 
we achieve with phacoemulsification—a procedure with 
a very high rate of patient acceptance that is performed 
and tolerated with a very low complication rate. The first 
surgical glaucoma procedure that I have seen that meets 
my criteria is the ab interno micro-bypass implant. It offers 
comprehensive cataract surgeons glaucoma management 
opportunities that have not been available in the past. The 
device provides the ability to control IOP and improve 
patients’ quality of life in a way that is comfortable for me.

My experience in Armenia was implanting the micro-
bypass device in a mostly phakic population that could 
not afford glaucoma medications. My colleagues and I 
were giving the individuals the opportunity to receive 
a surgical treatment for a disease that, if left untreated, 
would cause blindness in many of them. I was working 
with a population that spoke a different language from 
me, using an inferior microscope to what I normally 
have available, and working on phakic patients who 
have narrow anterior chambers and narrow angles, 
and the results were spectacular. In my experience, this 
procedure is as safe as any I have ever performed in my 
career in ophthalmology. I saw no vision-threatening 
side effects. Sometimes it took me longer to implant the 
device in certain patients, but every patient successfully 
received a micro-bypass device and achieved surgical 
success.

We are now seeing 1-year postoperative results that 
show that these patients have done extremely well—
again, without cataract surgery. Thus, we see that the 
IOP-lowering effect had nothing to do with phaco-
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emulsification, that it came purely from the micro-bypass 
implant. I am very excited that we now have something 
available to the comprehensive ophthalmologist that was 
so desperately needed. I think this will be a huge asset for 
surgeons and more importantly, for our patients.

Dr. Kahook:  I concur with everything Dr. Donnenfeld 
said regarding the more difficult circumstances of work-
ing in Armenia. In this patient population that did not 
undergo phacoemulsification, we are still seeing a signifi-
cant reduction in IOP that can only be attributed to the 
device implanted.

The long-term data now coming out of this study 
show that the IOP-lowering curve is stable throughout 
the follow-up. This is great evidence that this technique 
is efficacious and sustainable. 

Dr. Donnenfeld:  The exciting thing about the 
Armenian study was that we looked at three generations 
of the micro-bypass implant: the original device, the supra-
choroidal version, and the second-generation injectable 
version. We now have data on all three devices without 
the compounding variable of phacoemulsification. The 
data show that each device provides a pure IOP-lowering 
effect, which should give surgeons confidence that this 
procedure offers medical advantages without doing harm. 

Dr. Ahmed:  Although effective, the performance of 
a single microstent is limited by the capacity of the area 
through which the aqueous flows. For this reason, I have 
been involved in trials using multiple microstents. In the 
first prospective case series of 53 patients who received 
two or three micro-bypass implants at the time of 
cataract surgery,14 we saw a significant reduction in IOP 
across all patients. Those who received two devices had 
an average 64% reduction in medications, while those 
who received three implants had an average 84% reduc-
tion in medications.

Dr. Donnenfeld:  We found similar results in the 
iStent Dose-Response Study.15 My coinvestigators and I 
examined the effects of implanting one versus two versus 
three microstents plus 1 medication on patients who 
had uncontrolled glaucoma on two medications. One 
year after surgery, 94% of the eyes (n=50) that received 
one microstent had an IOP of less than 18 mm Hg on 
one medication, and 100% of eyes that received two or 
three microstents had an IOP of less than 18 mm Hg on 
one medication. Additionally, 88% of eyes that received 
two or three of the implants reached an IOP of less than 
15 mm Hg on one medication. 

LEARNING CURVE
Dr. Kahook:  With any new procedure, there is always 

a learning period. I found the learning curve with the 
micro-bypass device to be very short, even though the 
technique was unfamiliar to me. In the first three to five 
procedures, I learned how exactly to move my hand 
toward the angle and how the device fits into Schlemm 
canal. I find the placement of the device to be quite 
reproducible. Moreover, the microstent has an excellent 
safety profile, and the data from Armenia show that it 
does not depend on phacoemulsification for its efficacy. 
I think this is a great testament to using this approach in 
mild-to-moderate glaucoma patients. During the study 
conducted in Armenia, I saw no major complications 
from the micro-bypass implant.

Dr. Lewis:  I was an early investigator for the micro-
stent, and the ease of the procedure is very apparent. 
It does not require extensive training to learn how to 
perform the procedure. The key to implanting the device 
is to have a comfort level with gonioscopy. The learn-
ing phase will be focused on positioning the patient 
correctly at the microscope during surgery and then 
becoming comfortable with a gonioprism while passing 
an ab interno device. Although this technique will not 
be difficult for most ophthalmologists, it’s important to 
practice. I suggest that surgeons perform gonioscopy in 
their offices and become familiar with the angles. Prior to 
surgery, they should practice using the gonioprism and 
angling the head to maximize the view of the angle. The 
positioning is very important with this procedure.

Dr. Ahmed:  For those surgeons who are experienced 
working in the angle, this procedure will not be a prob-
lem. I encourage those who do not have this experience 
to place the gonioscope on the angle, move it around 
without touching the sides, and get used to the angle of 
the head and of the hand when working in this space.

MINING TRADITIONAL OUTFLOW PATHWAYS
Dr. Katz:  We are now back to the fundamental problem 

in glaucoma, which is improving outflow without creating 
an artificial subconjunctival filtration access that is obviously 
not physiologic. We have been taught for years that the 
outflow problem exists in the trabecular meshwork and the 
inner wall of Schlemm canal. Here, we have a device that 
addresses exactly that in a nondestructive manner. This tiny, 
1-mm device bypasses the primary source of resistance.  

Dr. Lewis:  Historically, most glaucoma treatments 
have created artificial channels; blebs, tubes, and other 
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similar devices all bypass the conventional outflow 
systems. With MIGS procedures such as the iStent 
Trabecular Micro-Bypass and Trabectome currently, 
and the Hydrus Microstent, ELT, iStent inject and iStent 
supra when they receive FDA approval, we will be able to 
enhance existing outflow for a more physiologic control 
of pressure, which is a real advantage for avoiding com-
plications long term.

Dr. Kahook:  The beauty of the MIGS procedures is 
that they do not preclude trabeculectomy if we still need 
it in the future. These procedures spare the conjunctiva 
and do not paint us into a corner for future procedures, 
if needed.

Dr. Samuelson:  Currently, several companies are 
investigating the use of suprachoroidal filtration to man-
age glaucoma. Dr. Kahook, would you attempt a canal 
procedure before trying the suprachoroidal space, or do 
you feel you can go directly to the latter?

Dr. Kahook:  Regarding the use of Schlemm canal ver-
sus the suprachoroidal space, I prefer treating the disease 
process itself by targeting the tissue mainly responsible 
for obstructing the outflow of aqueous humor. I would 
start with a Schlemm canal device first, and then if need 
be, I would place a suprachoroidal device to add synergy 
with the existing Schlemm canal device. I think this strat-
egy provides the best of both worlds.

The optimal therapy would be tailored to the indi-
vidual eye. The ability to use a microinvasive modality 
followed by a second or third microinvasive surgery 
allows utility for the glaucoma surgeon that once only 
existed for the cataract surgeon. For example, we could 
start with phacoemulsification plus an ab interno micro-
stent, and still reserve the option down the road for an 
additional procedure if necessary. As mentioned previ-
ously, preclinical studies performed in ex-vivo perfused 
human eyes found that two micro-bypass implants are 
better than one, and that adding a microstent in the 
suprachoroidal region produced additional IOP lowering 
compared to having two microstents in place.16 

Patient Profile
Dr. Samuelson:  Describe your ideal candidate for a 

MIGS procedure.

Dr. Katz:  My candidate for a MIGS procedure is 
someone for whom I feel that cataract surgery alone 
will not provide sufficient IOP control. This would not 
include the truly advanced glaucoma patients. I would 

also suggest a MIGS device to patients who are well 
controlled on medications but with whom I am worried 
about compliance, particularly if the patient is expressing 
interest in discontinuing their medications.

Dr. Samuelson:  How will we approach titratable therapy?

Dr. Kahook:  The beauty of this type of approach is 
the option to use one or more devices. From the clinical 
studies with the micro-bypass implant, we know that 
two microstents reduce IOP to a greater degree than 
one. So, depending on the target pressure, I could place 
one or two devices. If I decide to place one microstent, 
I can always go back in and implant a second device if 
needed with a lower risk than more invasive surgeries.  
Alternatively, when suprachoroidal devices are available 
in the US, I can implant one or two microstents and fol-
low with a later suprachoroidal device if the specific case 
dictates. Having such options is the true revolution that 
these MIGS devices provide.

Dr. Donnenfeld:  I would like to see some simple 
guidelines developed by glaucoma specialists, but I think 
any patient with ocular hypertension or a visual field loss 
that is real but not significant benefits from these devic-
es. The number of medications the patient is on will dic-
tate how many devices he or she should receive. We are 
seeing now that the IOP-lowering effect of added devices 
is commensurate with the number of medications the 
patient is taking. If someone is taking two medications, 
I would probably implant two microstents, versus one 
microstent in someone on one glaucoma medication.

Dr. Ahmed:  I see MIGS procedures entering the con-
tinuum of glaucoma care for patients who are on one 
medication, before starting multiple medications. My top 
priority after lowering IOP is to get patients on one medi-
cation or less per day. As a general rule, for a target pres-
sure of 18 mm Hg or so, I use one microstent, and for a 
target pressure of 15 mm Hg or less, I use two microstents. 
From a lifestyle perspective, I believe nonmedical interven-
tion is superior for both the patient and the physician.

Reimbursement
Dr. Samuelson:  How do we justify the increased 

expense of MIGS procedures as compared to trabecu-
lectomy?

Dr. Katz:  We start with the patient. Patients demand 
certain results from cataract and refractive surgery, and 
they are becoming more savvy in reading about glaucoma 
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surgery and the problems associated with trabeculec-
tomy. If we offer these patients a very low-risk proce-
dure that may cost more versus a procedure that is less 
expensive but has higher risks, I know which one I would 
choose as a patient. I personally would go with the low-
risk procedure, even if I had to pay additional money 
for it. Like our earlier discussion of laser trabeculoplasty: 
When you sit down and explain to the patient the rela-
tive risks and benefits of these procedures, I think many 
of them are going to opt for a MIGS device.

Dr. Kahook:  Schlemm canal devices like the iStent 
from Glaukos and the Hydrus from Ivantis, as well as 
suprachoroidal devices like the iStent Supra from Glaukos 
or the Cypass from Transcend, all have the potential to 
lessen the burden of medical therapy while addressing 
concerns involving poor adherence to prescribed treat-
ments. Oftentimes, we discuss the cost of a device or the 
expense involved in the procedure. In this case, it is impor-
tant to keep in mind the quality-of-life benefit. If we can 
measure quality of life monetarily and compare it to the 
cost of medications, time, or hardware, I think we would 
find that these newer procedures offer a great benefit.

Dr. Donnenfeld:  As a comprehensive cataract sur-
geon, I am looking at this as a procedure that is going to 
benefit my patients, improve their quality of life, elimi-
nate compliance issues, and maintain good IOP control. 
In my opinion, a microstent offers all of that.

Dr. Katz:  If you are healthcare conscious, you need 
to look at the whole process of surgery and not just the 
cost of the device. The number of postoperative visits 
and the possible returns to the OR for a choroidal effu-
sion drainage or vitrectomy for endophthalmitis all have 
to be included in a comparative analysis.

According to Medicare data, the number of trabeculecto-
mies performed in the United States has been going down 
steadily over the past few years, even as the number of glau-
coma patients has increased. There is a huge patient popu-
lation out there that can really benefit from better pressure 
management, less medication, and less disease severity 
down the road. Healthcare economists can undoubtedly 
find many ways we may actually save money with a MIGS 
procedure, rather than it being an added expense.

Dr. Donnenfeld:  This is the only time that I have 
been excited about glaucoma surgery in the last 25 years, 
and that is because I feel comfortable that I can provide 
improved care to my patients without increasing risk to 
their surgical management for the first time. 

Dr. Samuelson:  This is a very exciting time in glau-
coma treatment. Until recently, we have not seen the 
technological advances in glaucoma surgery that we 
have witnessed in refractive, cataract, and retinal sur-
gery. In the past decade, numerous startup companies 
have invested considerable research and development 
toward finding a safer, less minimally invasive approach 
to glaucoma surgery. It is time that we bring these sur-
gical improvements in glaucoma management to our 
patients.  n
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Instructions for CME credit

1.  When performing MIGS surgery with the iStent,
a. There is no difference in IOP reduction between insert-

ing one stent or two
b. There is a greater reduction in IOP when two stents are 

inserted
c. There is a greater reduction in IOP when one stent is 

inserted rather than two

2.  The long-term use of topical glaucoma medications  
is not associated with:

a.	Dry eye disease
b.	Noncompliance
c.	Cataract formation
d.	High cost

3.  Microinvasive glaucoma devices can:
a.	Bypass the trabecular meshwork
b.	Drain into the suprachoroidal space
c.	Drain into the subconjunctival space
d. a and b
e.	All of the above

4.  Which MIGS devices mine traditional outflow channels?
a.	Trabectome, iStent Trabecular Micro-Bypass,  

and Hydrus
b.	iStent Trabecular Micro-Bypass, AqueSys, and Hydrus
c.	AqueSys, Hydrus, and Cypass
d.	Hydrus, Cypass, and Trabectome
e.	Cypass, Trabectome, and iStent Trabecular  

Micro-Bypass

5.  MIGS procedures enter the continuum of care:
a.	Before a patient begins glaucoma medication
b.	After a patient is on one medication, before starting 

multiple medications
c.	After a patient has failed multiple medications

6.  Which MIGS devices are currently FDA approved?
a.	AqueSys and iStent Trabecular Micro-Bypass
b.	Hydrus and AqueSys
c.	AqueSys and Trabectome
d.	iStent Trabecular Micro-Bypass and Trabectome
e.	Hydrus and iStent inject

7.  The Glaucoma Adherence and Persistency Study  
found that:

a.	Glaucoma medications were less effective over time
b.	Only 10% of subjects were 100% persistent in filling 

their glaucoma medication
c.	The majority of glaucoma patients are unable to instill 

a drop correctly
d.	Glaucoma medications were shown to damage the 

ocular surface over time

8.  Trabeculoplasty works best when used:
a.	As an initial treatment
b.	After one medication
c.	After failing medical therapy
d.	After failure of a MIGS procedure

9.  An important skill set to be proficient at the iStent 
Trabecular Micro-Bypass procedure is:

a.	Cataract extraction
b.	Surgical gonioscopy
c.	Astigmatic keratotomy
d.	Trabeculoplasty

CME Questions

CME credit is available electronically via www.dulaneyfoundation.org. 

To answer these questions online and receive real-time results, please visit www.dulaneyfoundation.org and click “Online Courses.” If you are 
experiencing problems with the online test, please e-mail us at support@dulaneyfoundation.org  or call (610) 619-0414. Certificates are issued 
electronically, so supply your e-mail address below. Please type or print clearly, or we will be unable to issue your certificate. 

Name ____________________________________________________________________    o MD participant   o non-MD participant

Phone (required) ___________________________________________  o E-mail (required) ____________________________________  

City ___________________________________________________________________________  State _________________________

1 AMA PRA Category 1 Credit™ Expires September 2013

Supported by an unrestricted educational grant from Glaukos Corporation.Sponsored by the Dulaney Foundation and Glaucoma Today.
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ACTivity EVALUATION

Your responses to the questions below will help us evaluate this CME activity. They will provide us with 

evidence that improvements were made in patient care as a result of this activity as required by the 

Accreditation Council for Continuing Medical Education (ACCME). Please complete the following course 

evaluation and return it to the Dulaney Foundation via fax at +1 (610) 619-0414.

Name and e-mail address_______________________________________________________________________________

Do you feel the program was educationally sound and commercially balanced?       r Yes      r No
Comments regarding commercial bias:

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

Rate your knowledge/skill level prior to participating in this course: 5 = High, 1 = Low______ 	  

Rate your knowledge/skill level after participating in this course: 5 = High, 1 = Low________ 	  

Would you recommend this program to a colleague?       r Yes      r No

Do you feel the information presented will change your patient care?       r Yes      r No
If yes, please specify. We will contact you by e-mail in 1 to 2 months to see if you have made this change.

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

If no, please identify the barriers to change. 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________

Please list any additional topics you would like to have covered in future Dulaney Foundation CME activities or  
other suggestions or comments. 

______________________________________________________________________________________________

______________________________________________________________________________________________

______________________________________________________________________________________________


