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Based on my experience in a practice that 
follows a collaborative care model, I believe 
that this arrangement offers many benefits for 
patients and practitioners. I have seen firsthand 
that shared care allows me to focus my atten-
tion on challenging glaucoma cases, boosts 
the practice’s efficiency, and facilitates my 
colleagues’ and my ability to maintain a high-
volume practice.

At the same time, I also recognize the hesitance some practi-
tioners may have in adopting this model of patient care. After all, 
much of our medical training is predicated on the idea that we 
take responsibility for the well-being of our patients’ eyes. When 
we arrive in clinical practice and are called on to trust other 
practitioners to handle even a portion of that care, it challenges a 
belief that has been conveyed and reinforced multiple times. To 
say it is difficult to suddenly learn this new way of doing things is 
perhaps an understatement.

This ongoing series, now in its third year, is featured in each issue of AOC and its sister 

publication, CRST. The articles will clarify how eye care providers can best work together 

to provide patient-centered care of the highest quality possible.
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Fellowship training in glaucoma equips practitioners with 
the tools they will need to attend to the clinical needs of their 
patients. Where it may fall short, however, is in preparing clini-
cians for the practical aspects of doing this on a daily basis. 
Because glaucoma is a chronic disease, and because close moni-
toring is an integral part of patient management, it makes sense 
for the specialist to want to see every patient every time he or 
she is in the clinic. But the reality is that this may not always be 
possible. Especially in an era of finite health care resources, pru-
dent use of care extenders can help to ensure that consistent and 
excellent care can be delivered to more patients.

BUILDING TRUST 
My willingness to adapt to a collaborative care model is rooted 

in practicality. I was an early adopter of microinvasive glaucoma 
surgery (MIGS) techniques, and I also perform a significant num-
ber of selective laser trabeculoplasty procedures. Both of these 
interventions are extremely patient friendly, offering high levels of 
safety while also effectively helping to control IOP and reduce the 
need for medications. 

To provide these services to patients, I must accept help with 
patient follow-ups and postoperative care. If I were to see every 
patient for every visit, my capacity to take on new patients would 
be limited. Collaborative care is less about surrendering respon-
sibility to other clinicians and more about figuring out a way to 
focus one’s attention on the cases that require specialty care.

To ensure that my patients get the full benefit of treatments 
such as MIGS and selective laser trabeculoplasty, I decided that I 
must invest time in training my optometric colleagues regarding 
how to follow routine and stable cases and when to refer back 
individuals in need of additional specialty care. To that end, I 
participate in several forms of education for optometrists both 
on the staff at Virginia Eye Consultants and in the community. 
Following are some examples of the training we offer and some 
thoughts on the value I believe they offer.

Continuing Education for Large Audiences
This is a great opportunity to teach large groups of people in 

a setting in which one can really focus on an area of interest. I 
have presented lectures on new glaucoma surgical therapies in 
the interest of ensuring that optometrists are informed about 
the ever-changing landscape of options, so that they in turn can 
undertake informed conversations with their patients. This is 
equally valuable for in-house optometrists and those in the com-
munity. Providing resources for referral sources elevates their 
knowledge base while also informing them about the services 
available in one’s clinic. In our practice, we have designed certifi-
cation courses for collaborative management of combined cata-
ract/MIGS procedures so that we know patients are counseled 
properly and the expectations for postoperative management are 
clearly delineated.

Hands-On Workshops
The adage in medical training, “See one, do one, teach one,” is 

valuable advice. It shores up one’s confidence in procedures and 
techniques used in the clinic while passing them on to the next 
recipient, and it provides that recipient with practical knowledge. 
I led a gonioscopy course that was well received by the optomet-
ric audience. As a result of the course, the attendees increased 
their use of gonioscopy, which will result in better and more 
accurate clinical diagnoses and management in future practice. 
Appropriate use of gonioscopy when indicated can also increase 
a practice’s financial bottom line. Further, it can help to identify 
patients for surgical and laser procedures, and it is valuable in the 
postoperative management of MIGS patients. 

Review of Individual Cases
Whether formal or informal, reviewing cases with optometric 

colleagues is an opportunity to teach and improve understand-
ing of how to manage our shared-care glaucoma patients. This 
can be done on the basis of need in a consultative setting when 
there are questions about the most appropriate clinical course. 
Clinicians can also stockpile illustrative cases that can then be 
used to demonstrate fundamental principles of glaucoma care 
during training seminars.

Clinic Shadowing
The optometrists in our practice regularly rotate through my 

clinic to observe postoperative protocols, new patient assess-
ments, follow-up care, and patient decision-making for surgery. 
This process is invaluable in building understanding and trust 
regarding what to look for in specific cases.

OR Shadowing
If we want our referral sources to have informed conversations 

with patients, then inviting them into the operating room to 
observe surgery is a great way to remove the veil of mystery that 
may surround new or unusual procedures. Clinicians can then 
speak from experience when they are referring patients, and they 
have a better understanding of what is involved so they can grasp 
the gravity of surgery and what the eye looks like after surgery.

Sharing Articles, Books, or Videos 
Perhaps the simplest way to provide education to one’s net-

work is to share articles and videos that have been prepared 
for publication in journals. I have found that a nice byproduct 
of this practice is that it builds collegiality. The Building Blocks 
of Trabectome Surgery Volume 1: Patient Selection, is a book I 
recently published that is a step-by-step guide on how to select 
patients for Trabectome surgery and also includes issues of goni-
oscopy utilization, doctor-patient discussions on consenting, 
handling postoperative care, and a comprehensive list of other 
topics that are applicable to all MIGS ab interno angle surgery. 
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It has proven to be quite useful to my referring doctors. My col-
leagues appreciate that they are working with someone who 
stays at the forefront of the field through publication. 

CONCLUSION
The gaps that have historically existed between members of 

the eye care team will not magically be bridged through a single 
interaction. Education is a process. The steps outlined above 
can be valuable tools to help ensure that our collaborative care 
patients are being monitored according to plan while also build-
ing camaraderie and trust among the individuals caring for the 
patient. Education is a gift we should all be willing to share, and 
the willingness to share it starts with a change of mindset. 

There is one final element I believe is important to building 
successful collaborative care arrangements. In addition to foster-
ing the relationships among the clinicians, patients should also 
be brought on board and made to feel comfortable with these 
shared-care relationships. When I am physically unavailable to 
see patients, they need to know that they are in good hands, and 
that their concerns are going to be addressed. Allowing them 

to know in advance that there is a team approach to their care, 
trust involved with all the team players to execute excellent man-
agement, and continued collaboration and communication. It is 
a win-win for all.

Collaborative care should place the patient at the center of 
focus of all clinicians involved. As long as that orientation is 
maintained, any unease or discomfort with adapting to a new 
way of doing things has a way of working itself out. n

Successful management of glaucoma requires 
early detection of the disease, followed by initia-
tion of an intervention strategy to slow down 
or prevent the development of structural or 
functional deficits. We eye care providers’ under-
standing of what is happening in the very early 
stages of disease has improved greatly in recent 
decades, and, as a result, so has our ability to 

identify patients early. Glaucoma is now understood to be a 
family of diseases that lead to optic neuropathy; several studies 

have elucidated the early cellular changes at and around the disc 
secondary to ischemic, metabolic, or pressure-related insult.1-6 
Because architectural changes to the retinal nerve fiber layer are, 
at least at present, irreversible, the primary objective in patient 
management is to forestall their occurrence.

The inciting mechanism for glaucoma has not yet been 
defined, and it may be that in different glaucomas, pressure, isch-
emia, or metabolic changes may be the initial event.7,8 Regardless 
of the cause, each proposed mechanism leaves the eye prone to 
pressure-related damage. This explains the rationale for managing 
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TABLE.  THE WHAT, WHEN, WHERE, WHY, WHO, AND HOW OF MIGS DEVICES
What? When? Where? Why? Who? How?
(Device) (Performed) (Outflow Mechanism 

Targeted)
(Supporting Clinical Trial Data) (Patient Indication) (Mechanism of Action)

Trabectome 
(NeoMedix)

Standalone or 
during cataract 
surgery

Schlemm canal/TM Mean preop IOP of 26.6 ±8.1 mm Hg 
reduced to 17.4 ±3.4 mm Hg within 6 
months after surgery1

Mild to moderate POAG Removal of a strip of TM and inner 
wall of Schlemm canal

iStent Trabecular 
Micro-Bypass 
Stent (Glaukos)

During cataract 
surgery

TM Greater number of patients with IOP at or 
below 21 mm Hg and less medication use (0.2 
±0.6) with iStent vs cataract surgery alone2

Mild to moderate POAG Tiny stent bypasses TM to reintroduce 
physiologic outflow

CyPass 
Micro-Stent 
(Alcon)

During cataract 
surgery

Supraciliary space CyCLE study outcomes: Significant reduc-
tion in medication use in cohorts of patients 
with baseline IOP ≥ 21 and < 21  mm Hg3; 
reduced IOP and reduced medication use 
in cohorts of patients with baseline IOP ≥ 21 
and < 21  mm Hg4

Patients with POAG Stent placed at scleral spur to induce 
drainage to supraciliary space

ABiC using the 
iTrack 250A 
Microcatheter 
(Ellex)

Standalone or 
during cataract 
surgery

Schlemm canal Reduction in mean IOP from 19.0 ±6.5 
mm Hg to 13.7 ±3.0 mm Hg (28%) at 6 
months in case series (n = 228)5

Mild to moderate POAG Cannula advanced 360° around Schlemm 
canal, then reversed while viscodilation 
is introduced; intended to restore 
physiologic outflow

Hydrus 
Microstent
(Ivantis)

Investigational use 
only

Intracanalicular Under investigation in pivotal trials Not FDA approved Biocompatible scaffold intended to 
maintain patency of Schlemm canal, 
facilitating physiologic outflow

Xen45 (Allergan) Standalone Subconjunctival Reduction in mean IOP from 21.8 mm Hg 
with 2.8 medications to 15.3 mm Hg with 
1.0 mean medications at 1 year follow-up in 
a single-arm trial6

Refractory glaucoma; 
POAG, pseudoexfoliative, 
or pigmentary glaucoma 
unresponsive to maximum 
medical therapy

Injected to subconjunctival space via 
ab interno approach to create outflow 
mechanism analogous to traditional 
trabeculectomy

iStent Supra 
(Glaukos)

Investigation 
use only; placed 
at the time of 
cataract surgery

Subconjunctival Recently completed enrollment in pivotal 
trial7

Not FDA approved Inserted to subconjunctival space 
at time of cataract surgery or as 
standalone procedure to create 
drainage mechanism

InnFocus 
MicroShunt 
(formerly MIDI 
Arrow; Santen)

Investigational 
use only, being 
studied as a 
standalone 

Subconjunctival/
sub-Tenon capsule

No data currently available Not FDA approved Small tube shunts aqueous from anterior 
chamber to subconjunctival/
sub-Tenon flap

Kahook Dual 
Blade (New 
World Medical)

Standalone or 
at the time of 
cataract surgery

Schlemm canal/TM Mean IOP reduction from 16.5 ±5.7 mm Hg 
to 12.9 ±4.2 mm Hg at 9 months; 73% had 
reduction of at least 1 medication, 80% if 
combined with phacoemulsification8

Device has been studied in 
multiple glaucomas, including 
but not limited to: POAG, 
pseudoexfoliation glaucoma, 
chronic angle closure 
glaucoma. Enrolled subjects 
demonstrated range of 
severity, from mild to severe.

Dual blade design makes parallel 
incisions to strip portions of TM and 
inner wall of canal of Schlemm

Trab360 (Sight 
Sciences)

Standalone or 
at the time of 
cataract surgery

Schlemm canal/TM 510(K) exempt device9 is believed to 
have similar efficacy, comparable safety to 
on-market Trabectome. Retrospective case 
series of 26 consecutive eyes demonstrated 
mean IOP reduction from 19.8 ±6.4 mm 
Hg to 13.5 ±4.6 mm Hg; 83% were able to 
discontinue medication use.10

Retrospective case series 
enrolled eyes with POAG; 
anecdotal reports suggest 
utility of device in a wide array 
of glaucomas

Polypropylene material extruded from 
tip is cannulated through TM for 
180° and then manual force is used to 
unroof TM; may be repeated for up to 
180° in opposite direction to achieve 
full 360° goniotomy

Abbreviations: ABiC, ab interno canaloplasty; FDA, Food and Drug Administration; POAG, primary open-angle glaucoma; TM, trabecular meshwork.
1. Maeda M, Watanabe M, Ichikawa K. Evaluation of trabectome in open-angle glaucoma. J Glaucoma. 2013;22(3):205-208. 
2. Craven ER, Katz LJ, Wells JM, Giamporcaro JE; iStent Study Group. Cataract surgery with trabecular micro-bypass stent implantation in patients with mild-to-moderate open-angle glaucoma and cataract: Two-year follow-up. J Cataract Refract Surg. 2012;38(8):1339-1345.
3. Vold SD. Micro-invasive stent implanted during phaco-cataract surgery achieves sustained IOP lowering effect in glaucomatous eyes at 12 months. Paper presented at: American Academy of Ophthalmology Annual Meeting; November 13, 2012; Chicago.
4. Helmut H, Ahmed IK, Grisanti S, et al. Early postoperative safety and surgical outcomes after implantation of a suprachoroidal micro-stent for the treatment of open-angle glaucoma concomitant with cataract surgery. J Cataract Refract Surg. 2013;39(3):431-437.
5. A new MIGS on the Block? Cataract & Refractive Surgery Today. Supplement.  November/December 2015. 
6. Palmberg P. Two-year follow-up data for a soft and durable minimally invasive ab interno trans-scleral implant in open-angle glaucoma subjects. Poster Presented at: World Glaucoma Congress; July 17-20, 2013; Vancouver, Canada.
7. Glaukos completes patient enrollment in pivotal phase of U.S. IDE clinical trial for iStent Supra [press release]. Glaukos. February 16, 2017. http://investors.glaukos.com/investors/press-releases/press-release-details/2017/Glaukos-Completes-Patient-Enrollment-in-Pivotal-Phase-of-US-IDE-Clinical-
Trial-for-iStent-SUPRA/default.aspx. Accessed March 21, 2017.
8.  Abdullah S, Jasek MC, Radcliffe NM, et al. A novel dual blade device for goniotomy: initial clinical experience. Invest Ophthalmol Vis Sci. 2016;57(12):6522.
9.  Product Classification: Trabeculotome. US Food and Drug Administration. https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=4017. Accessed April 7, 2017.
10.  Sarkisian SR, Allan EJ, Ding K, et al. New way for ab interno trabeculotomy: initial results. Presented at: ASCRS; April 17, 2015; San Diego, Calif. 
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IOP; its elevation can compress the nerve fibers, leading to a cycle 
of hypoxic stress and lack of nutrition that ends in cell death.

Historically, management of IOP, the only modifiable risk fac-
tor for glaucoma, has begun with medical therapy. A range of 
topical drops can be used to increase aqueous outflow or slow 
down its production, but achieving efficacy with medical therapy 
is one of the great challenges of glaucoma management. Cost, 
forgetfulness, and side effects can cause patients to be less than 
optimally adherent to their medicine regimens. Further, many of 
our patients simply do not like the inconvenience of having to 
instill drops on a daily basis, and this issue is compounded among 
those who require multiple medications.

MICROINVASIVE GLAUCOMA SURGERY: SAFETY 
AND CONVENIENCE

The traditional dogma in glaucoma management is that as this 
chronic disease advances over time, therapy is escalated from 
medication to laser to surgery. Innovations have been recently 
developed in each of the latter two categories that make these 
options safer and more tolerable for patients. For laser treat-
ments, selective laser trabeculoplasty is a less destructive alterna-
tive to argon laser trabeculopasty. Selective laser trabeculoplasty 
does not cause as much damage to the trabecular meshwork 
(TM) because it is selective for pigmented cells within the TM,9,10 
yet it is effective in lowering IOP.

In a similar vein, less destructive surgical options have prolifer-
ated in recent years (Table), in the category of procedures known 
as microinvasive glaucoma surgery (MIGS). MIGS procedures are 
intended to yield minimal iatrogenic trauma while introducing a 
mechanism to facilitate greater aqueous outflow. 

Many eye care practitioners are already familiar with some 
of these devices. The iStent (Glaukos) was the first to meet 
what has become a five-part test for MIGS devices: The device 

is (1) introduced through an ab interno microincision; (2) 
induces minimal trauma; (3) is efficacious; (4) has a favorable 
safety profile; and (5) is associated with rapid recovery.11 The 
iStent was predated by the Trabectome (NeoMedix), which 
some consider the first MIGS device; others leave it out of 
the category because its intended cyclodestructive mecha-
nism does not accord with the notion of inducing minimal 
trauma.12 

Regardless of which device came first, the floodgates of innova-
tion were opened, and new MIGS devices continue to appear.

EXPANDING THE CLASS
At the time the FDA approved the iStent in 2012, it was the small-

est medical device ever approved. Today, its performance in clinical 
use matches closely with the success that was observed in pivotal 
studies: When inserted at the time of cataract surgery, the device 
leads to significantly lower IOP and less medication use compared 
with cataract surgery alone, with few major complications noted.13 

The iStent’s mechanism of action is to bypass the TM to 
improve physiologic outflow. Other entrants to the MIGS cat-
egory seek to take advantage of other outflow mechanisms. 
For example, the investigational iStent Supra (Glaukos) and 
the recently FDA-approved CyPass (Alcon) create a means of 
aqueous outflow into the suprachoroidal space. Whereas stents 
placed in the TM have to overcome episcleral venous pressure to 
maintain efficacy, the suprachoroidal route has no such issues, so, 
theoretically, greater reductions in IOP should be achievable.

Other MIGS procedures are intended to reshape the TM or the 
canal of Schlemm. Examples include the Trabectome mentioned 
above, as well as newer procedures such as ab interno canaloplasty 
(Ellex) and goniotomy using the Kahook Dual Blade (New World 
Medical). Both the Trabectome and Kahook blade are used to strip 
out some of the TM and inner wall of Schlemm canal, whereas ab 
interno canaloplasty involves the use of a cannula that is advanced 

Justin Schweitzer, OD, talks about glaucoma patient compliance. 
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360° around the Schlemm canal and then reversed while visco-
dilation is introduced to expand the canal. Similarly, gonioscopy-
assisted transluminal trabeculotomy describes a procedure in 
which the eye is entered via a 1.0-mm corneal incision, the TM is 
cut, and the canal of Schlemm is cannulated and unroofed. As the 
name implies, this procedure is intended to be a modification of 
traditional trabeculectomy, restoring the morphology of the canal 
with a more favorable safety profile.

A similar approach to expanding the canal is used by the 
Hydrus Microstent (Ivantis). This intracanicular scaffold aims to 
maintain the canal’s patency to effect greater outflow. It has been 
studied extensively in Europe,14 and it is being investigated in an 
FDA-sanctioned study in combination with cataract surgery.15 

CUSTOMIZING THE APPROACH
Identifying a target IOP, while considering risk versus reward 

needed for each patient, is a central strategy for managing glau-
coma. But our ability to ensure that the target IOP was achieved 
has been limited because the medications we have to offer our 
patients are effective only if they are used correctly. One advan-
tage of procedure-based approaches to glaucoma management, 
whether laser-based or surgical, is that they remove the issue of 
compliance from the treatment equation. An even greater plus 
may be that they offer the ability to customize the approach to 
therapy according to each patient’s IOP target.

MIGS procedures are generally intended for use in conjunction 
with cataract surgery, which by itself can lower IOP by a few mil-
limeters of mercury. MIGS procedures, when used in a combined 
procedure, offer additional IOP-lowering efficacy with a safety 
profile similar to that of cataract surgery alone. One of the excit-
ing potential applications of the various MIGS devices is that they 
can be combined to take advantage of multiple outflow mecha-
nisms, enhancing the ability to lower IOP without introducing 
extra risk.

Although more study on such combined approaches is war-
ranted, it seems plausible to pair approaches that improve TM 
outflow with mechanisms to take advantage of suprachoroidal 
outflow. Using multiple stents in the TM that may complement 
one another is another potential example. Another approach is 
to add endoscopic cyclophotocoagulation, ablating selected cili-
ary processes to achieve maximal outflow potential.

The concept of customizing IOP control by mixing and match-
ing various procedures may be expanded by the release of 
new devices to the market. For example, the Xen45 (Allergan), 
which recently gained FDA approval, is sometimes referred to as 

MIGS-plus because of its ability to achieve IOP lowering compa-
rable to that of traditional trabeculectomy via drainage through 
an internal bleb placed in the subconjunctival space.16 

CONCLUSION
Having multiple MIGS procedures to offer to glaucoma 

patients has been a real asset in our clinic. In general, we have 
observed that MIGS procedures yield meaningful IOP lower-
ing that helps to halt disease progression while precluding the 
necessity for incisional glaucoma surgeries. In our clinic, we have 
found that MIGS procedures yield greater reductions in eyes with 
higher IOP readings initially. 

From my vantage point, though, two of the most important 
things I convey to patients is the advantage that MIGS proce-
dures provide in terms of safety and that they may lower the 
need for drop therapy. In addition to providing greater conve-
nience, the ability to take away a drop tends to make patients 
feel like they are gaining an advantage over their glaucoma. n
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New diagnostic modalities augment clinical decision making. 

BY INDER PAUL SINGH, MD

INNOVATIVE GLAUCOMA 
DIAGNOSTICS BOOST ABILITY TO 
INDIVIDUALIZE TREATMENTS

The holy grail in glaucoma diagnostics would be 
a technology that could quickly scan a patient’s 
eye and accurately, reliably, and repeatedly dis-
cern the health of the optic nerve and nerve fiber 
layer. The measurement would allow the clinician 
to follow the structure and function of the optic 
nerve over time, providing a clear indication of 
the patient’s response to treatment. This ideal 

device’s output would provide confidence in decision making in 
borderline cases in which cupping is just becoming evident, IOP is 
not yet out of control, visual fields are beginning to suggest dam-
age, and the clinician must decide whether to initiate treatment.

Glaucoma specialists have been wishing for such a technology 
since there have been glaucoma specialists, but it may be that the 
ophthalmic industry is no closer to achieving this goal than it was 
2 decades ago. Nevertheless, several developments in the realm of 
diagnostics, described below, can now provide information that 
adds to our clinical impressions. That is to say, these technolo-
gies do exactly what we need them to do: provide insights into 
aspects of ocular health that are helpful when we are deciding 
what to do next for a given patient. 

The job of the provider treating glaucoma is to assess the 
optic nerve and other clinical factors and build an individual-
ized risk profile that guides the treatment of each patient. Any 
additional pieces of information may help us to complete the 
clinical picture, offering a fuller ability to predict the course of 
this chronic disease.

CORNEAL HYSTERESIS
Corneal hysteresis describes the eye’s ability to withstand 

changes in pressure. It is a measure of elasticity and contractility, 
the viscoelastic properties of the cornea. The reason it is important 
is that, in theory, it can describe the ability of the eye to absorb 

pressure changes. An eye with low hysteresis has lower ability to 
withstand pressure changes, and the opposite is true as well. 

Hysteresis is not a treatable endpoint in glaucoma, but studies 
demonstrate that individuals with lower hysteresis values have a 
higher risk of progression on visual fields and other measures of 
nerve structure and function.1-5 Furthermore, IOP is negatively 
correlated with hysteresis; hysteresis increases as IOP is lowered, 
and vice versa. However, high hysteresis has been found to be 
predictive of poor response to topical glaucoma drops or selec-
tive laser trabeculoplasty.6,7 

Hysteresis has been fairly well established as an independent 
risk factor for glaucoma progression, perhaps even more sig-
nificant than corneal thickness.1,3,4,8 In truth, however, we are 
still learning how to use this measurement in the clinic. When 
the first device for measuring hysteresis, the Ocular Response 
Analyzer (Reichert) was introduced, it was studied as a way to 
validate IOP in individuals with corneal issues such as previous 
LASIK surgery or thinner corneas. Later, Radcliffe and Shimmyo 
demonstrated that, when IOP is adjusted for hysteresis in eyes 
with normal tension glaucoma, the resulting IOP may be con-
sidered abnormal, revealing that some people with normal ten-
sion glaucoma may not have normal tension after all.9 Another 
prospective study by Medeiros and Weinreb involved 114 eyes 
of 68 patients.1 After obtaining baseline hyterersis measure-
ments, they found that visual fields of patients whose hysteresis 
was 4 mm Hg or lower tended to degrade at a faster rate; also, 
the patients with low hysteresis and high pressures were at the 
greatest risk. Most importantly, hysteresis was found to have 
three times the progression of corneal thickness.

Overall, however, hysteresis may be an underutilized value. I 
look forward to learning more about hysteresis in order to gain a 
better understanding of its clinical utility as an independent risk 
factor. Currently, I find hysteresis useful when I am faced with a 



94 BEST PRACTICES IN INTEGRATED CARE | VOLUME 3, NO. 2

patient with a high IOP reading, in which case a simultaneously 
high hysteresis value suggests limited utility in adding a medica-
tion. On the other hand, low hysteresis in the setting of fluctuat-
ing IOP and inconclusive visual fields may prompt me to be more 
aggressive with treatment. 

In my view, just like corneal thickness measurement, hysteresis 
is a tool that helps me feel confident in diagnosing someone as a 
glaucoma patient or as a glaucoma suspect, or in deciding what 
the next step should be or how to observe a confirmed case.  

CONSTANT IOP MONITORING
Research to date on corneal hysteresis suggests that its full 

clinical utility has not yet been defined. It also suggests that, 
although IOP is an important risk factor for progression, it may 
not be the only one. Many patients experience progression 
despite normal IOP, and the opposite is true as well. 

Measuring IOP in the clinic is problematic. It is subject to 
investigator bias, and, outside of certain clinical studies, it is gen-
erally measured at only one time during the clinical encounter. 
Multiple factors can influence IOP, including time of day, diet (eg, 
salt intake), positioning, and other factors. However, we do not 
have this information readily available when assessing a patient in 
the lane.

Increasingly, evidence is pointing to the importance of short-, 
intermediate-, and long-term fluctuations in IOP and their rel-
evance to glaucoma risk. Short-term fluctuations are those that 
occur during activities such as sitting or lying down, blinking, and 
other physical activities. Intermediate-term fluctuations include 
diurnal IOP shifts. Long-term fluctuations are those that occur 
between clinic visits.

The Advanced Glaucoma Intervention Study found that IOP 
fluctuation was predictive of worsening of visual fields among 
individuals with low baseline mean IOP.10,11 Data from the Ocular 
Hypertension Treatment Study and the European Glaucoma 
Prevention Study showed similar associations between IOP fluc-
tuation and risk for primary open-angle glaucoma,12 and compa-
rable associations have been noted in smaller studies as well.13-15   

It should be noted that reviews of other large-scale clini-
cal trials have not found associations between IOP fluctuation 
and glaucoma risk.16,17 Nevertheless, there is growing interest in 
24-hour monitoring of IOP as a way to gain a greater understand-
ing of IOP dynamics and how fluctuations may be related to 
other factors such as vascular disease, migraine, and high blood 
pressure, and conditions such as normal-tension glaucoma. 

A device that recently received FDA approval offers to add to 
our ability to understand IOP independent of investigator and 
patient biases. The Triggerfish (Sensimed) is a contact lens that 
monitors changes at the limbus that occur due to changes in 
IOP; these changes serve as a correlate of IOP changes, providing 
potential objective data on IOP dynamics over the 24-hour diur-
nal cycle. It is important to note that this device is not measuring 

actual IOP, rather changes in contour occurring at the limbus. 
This might be another independent property we could use to 
help identify those at higher risk of progression. Other implant-
based, contact lens-based, and lens-based proposals are in pre-
clinical and early clinical testing. 

Further clinical studies will tell us how valid these devices will 
be and how they may affect clinical decision making and its 
relationship to actual IOP measurements. For example, evidence 
from clinical trials has already shown that prostaglandins are 
highly effective at controlling nighttime IOP, but beta-blockers 
are significantly less so.18 Further, trabeculoplasty appears to flat-
ten the diurnal IOP curve.19 If evidence from these new 24-hour 
investigative modalities confirms IOP fluctuation as an indepen-
dent risk factor for glaucoma progression, this might challenge 
treatment paradigms for first-line medical therapy. This tech-
nology might also help us better understand the relationship 
between positioning and IOP dynamics as well as potentially cor-
relate hysteresis characteristics with degree of changes seen with 
these devices and their collective effect on progression.

INNOVATIONS IN OCT
Optical coherence tomography (OCT) is a mainstay of glau-

coma diagnosis and management. Changes at the retinal nerve 
fiber layer (RNFL), discernable on OCT, can be used to make 
assessments of disease progression.20-22 However, there is what is 
known as a floor effect for OCT use. RNFL thinning secondary to 
advancing optic neuropathy is discernable on OCT images only 
to a certain point, and, beyond that, OCT is of little to no value. 
Nevertheless, assessment with OCT is valuable for diagnostic and 
follow-up purposes, especially when an OCT reading is coupled 
with other elements of the clinical examination.23 

The advent of spectral-domain OCT has facilitated important 
changes in how imaging is used in the clinic, and it may well 
spark a paradigm shift in the near future. Faster B-scan acquisi-
tion with spectral-domain OCT allows better compositional 
images of the RNFL and surrounding structures to be created, 
overcoming artifact errors with older time-domain OCT devic-
es.24 Recently, evidence has emerged linking macular thickness 
changes on OCT with optic nerve cupping and peripapillary 
RNFL thickness in glaucoma.25,26 Perhaps of greater significance, 
the ability to measure the thickness of the entire ganglion cell 
complex (including the RNFL, retinal ganglion cell layer, and inner 
plexiform layer) improves diagnostic accuracy compared with 
measurements of macular thickness alone.27 

Faster B-scan capability may have another important implica-
tion for reviewing eyes with suspected and known glaucoma. 
OCT angiography (OCTA) reconstructs serially captured images 
to provide insight into the dynamics of blood flow in the retinal 
vasculature. A recent study was published that demonstrated 
thinner choroidal measurements on OCT in glaucomatous eyes 
compared to normal eyes.28 I recently began studying the use of 
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OCTA on the AngioPlex OCT Angiography (Carl Zeiss Meditec) 
platform in healthy and glaucomatous eyes. It is my hope that 
patterns of difference will begin to emerge that will be useful for 
patient management. I have no data to share yet, but it is intrigu-
ing to think about how vascular patterns might be different in 
eyes treated with one class of medication versus another or after 
different glaucoma surgical procedures. We will likely need to 
develop software to allow these machines to identify patterns in 
blood flow and trigger variants from normals. As OCTA advanc-
es, it may even help us discern the relative influences of hypoxia 
and vascular dynamics in the very earliest stages of glaucoma, 
before nerve cell damage occurs. 

CONCLUSIONS
The work described above, around corneal hysteresis, constant 

IOP monitoring, and OCT advances, demonstrates that innova-
tion in the field of glaucoma diagnostics is very much alive. Add 
to these examples the emergence of office-friendly platforms for 
measuring visual evoked potential and other electrophysiologic 
measures of the health of the optic nerve on the Argos system 
(Diopsys), and those interested in diagnosing, tracking, and 
observing eyes with glaucoma have a lot to look forward to.

With all of this potential, however, it is worthwhile to remem-
ber that no diagnostic device will replace the role of the clinician 
in assessing each patient’s eyes and building an individualized 
glaucoma risk profile, including safety and efficacy of treatment, 
potential for complications, and impact on quality of life. Just 
because new diagnostics offer to augment our clinical acumen, 
that does not mean we should become complacent about the 
ocular examination. n
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