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Dear Colleagues,

Until recently, glaucoma diagnosis and management have been limited by tools that depend a great deal upon prac-

titioner competence and due diligence. Some of these approaches—gonioscopy, optic nerve head (ONH) evaluation, 

visual fi elds (VFs), and IOP measurement—have various drawbacks. For example, poor ONH evaluations could lead 

to inaccurate assessments, and VFs are subjective tests that don’t catch all early damage, depending on what is 

being viewed.

In the last two decades, advancing imaging modalities to depict structural and functional issues in glaucoma have 

furthered disease management. Optical coherence tomography (OCT) has helped to visualize the retinal nerve 

fi ber layer (RNFL) to reveal damage, while 

swept-source OCT has improved glaucoma 

assessment of the lamina cribrosa. As well, OCT 

angiography has made way for insights into cap-

illary dropoff in the peripapillary region for better 

treatment decisions.

One increasingly important parameter that has 

shown itself to be an invaluable biomarker for 

determining risk of glaucoma development and 

progression is corneal hysteresis (CH). CH 

measures the capacity of the corneal tissue to 

dissipate energy (i.e., the eye’s ability to absorb 

shock). Studies such as the Ocular Hyperten-

sion Treatment Study (OHTS) have demon-

strated the cornea’s involvement in glaucoma.1-6 

More recent studies on CH have confi rmed the 

importance of the cornea in glaucoma deci-

sion making and have shed light on the role of 

corneal biomechanics, as opposed to simply 

central corneal thickness (CCT).

The only device FDA approved to measure 

CH is the Reichert Ocular Response Analyzer 

(ORA). Since the ORA was approved in 2004 

and described a year later by David Luce, PhD, 

nearly 700 publications have established the 

usefulness of CH.7 CH now has a reimburse-

ment code, with coverage in several states. 

Another useful measurement provided by the 

ORA to help guide glaucoma decision making 

is corneal compensated IOP (“IOPcc”). This IOP 

measurement is relatively cornea-independent, 

providing an assessment of IOP that has been 

shown to be less infl uenced by variables known 

to affect the accuracy of other tonometers, and 

is more associated with glaucoma progression 

than Goldmann applanation tonometry (GAT) 

measurements. IOPcc agrees with GAT on av-

erage, which means clinicians can interpret the value as they would a Goldmann measurement. But since IOPcc has 

essentially no correlation to CCT, and is minimally affected by corneal biomechanics, clinicians can place a great deal 

of confi dence in the accuracy of this IOP measurement .

CH and IOPcc are rapidly changing the landscape of glaucoma management. The measurements are becoming 

essential tools for clinicians seeking to determine patient progression risk, and those looking to make the most 

informed decisions about treatments that will have the greatest chance for positive visual outcomes. — The Panel
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Ocular Response Analyzer Technology

The Reichert Ocular Response Analyzer (ORA) is the only device approved to measure corneal hysteresis, 
which has a reimbursement code, with coverage in several states.

The Eye as a Shock Absorber

Corneal hysteresis measures the capacity of the corneal tissue to dissipate energy (i.e., the eye’s ability to 
absorb shock) by quantifying the cornea’s visco-elastic damping.
Images: Reichert, Inc.
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G
laucoma, like many pathologies, is not a straightforward dis-

ease; it requires a nuanced approach to understand each in-

dividual’s unique situation and arrest future progression. On 

one side of the glaucoma management puzzle are diagnostic pieces 

to identify evidence of disease and determine likelihood of progres-

sion in a given patient; on the other side are therapeutic pieces to 

help slow disease advancement. Lately, the fi eld and research have 

offered us groundbreaking new information to fi ll in crucial parts of 

the glaucoma puzzle.

Clinicians must leave no stone unturned when it comes to glauco-

ma evaluation. Everything from patient history, to gonioscopy, ONH 

evaluation, VFs, OCT, IOP, CCT and CH can guide decisions on which 

type of intervention (e.g., medication, minimally invasive glaucoma sur-

gery [MIGS], selective laser trabeculoplasty [SLT], invasive surgery) will 

be necessary to get a patient’s glaucoma under control. Yet, these 

tools are shifting in order of importance.

While gonioscopy has had a renaissance because of its utility with 

the rapidly growing adoption of MIGS, ONH evaluation is less import-

ant to my evaluation than it used to be. VFs are still where the rubber 

meets the road, as patients don’t necessarily know their RNFL loss or 

whether their IOP is high, but they know if they can see. However, VFs 

are subjective and variable and may take years to show progression. 

OCT has changed how we look at glaucoma in a robust way, and 

I believe that all of the machines do a reasonably good job of look-

ing at the nerve fi ber layer. SS-OCT is playing a greater role, with its 

higher resolution and faster acquisition to image the lamina cribrosa—

an important factor in determining high-risk glaucoma suspects. And 

OCTA’s potential is unfolding with its ability to illuminate changes in 

retinal and choroidal blood vessel fl ow.     

IOP is still the only modifi able risk factor for glaucoma. From the 

wealth of studies available in the medical literature, we know that low-

ering IOP helps slow progression of glaucoma. However, measuring 

IOP isn’t easy, as many factors infl uence IOP. These can include time 

of day, CCT, CH, post-refractive status, etc. And IOP variability mat-

ters. It’s widely understood that the greater the eye pressure variability 

over time, the higher the risk of disease progression. We also know 

from the OHTS Study that lowering eye pressure reduces the chance 

of developing glaucoma from ocular hypertension.1 I have found that 

lowering IOP can reduce risk of progression by about 50 percent, 

depending on glaucoma stage.   

Also consider that measuring IOP is actually measuring the pres-

sure inside the eyeball or, more specifi cally, the pressure differential 

across the cornea. This is the amount of force being used to fl atten 

the cornea so the pressure inside is equal to that outside. Since glau-

coma doesn’t occur at the cornea, but rather at the ONH, IOP is really 

a surrogate for what’s happening at the ONH. So corneal hysteresis is 

giving us information that may be more directly related to ONH status 

than IOP or other measurements.

One of my favorite questions to ask patients is: Do you have some-

one in your family who has gone blind from glaucoma? For those who 

don’t think glaucoma is serious or don’t take medication compliance 

to heart, they hear the word “blind,” and the implications of this disease 

become real. For patients who have a parent who went blind, I am 

reminded how serious it is.
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Strategies to Complete the Glaucoma Puzzle in Patients
By John Berdahl, MD

IOP MEASUREMENT VARIABILITY

Many factors infl uence IOP. These can include 
time of the day, corneal thickness, corneal 
hysteresis, post-refractive status, and others.
Images: John Berdahl, MD

Corneal Hysteresis & Risk Factors for Glaucoma
By Felipe Medeiros, MD

N
umerous studies have provided us with insights into why CH 

is associated with glaucoma.8-10 They have demonstrated 

how corneal biomechanics are related to optic nerve defor-

mation and structural changes consistent with glaucoma develop-

ment and progression. The problem with some of these studies has 

been that they have been retrospective. So, if a scientist measures 

CH today and looks back to see whether the patient has progressed, 

it isn’t clear if the result was a cause or an effect: Was CH a true risk 

factor for progressing, or did progression lead to a lower CH? As a 

result, prospective studies looking at whether CH is a risk factor for 

progression are necessary to draw any real conclusions.

Congdon, et al. gave us the fi rst observational study to investigate 

the impact of CH and CCT on various indicators of glaucoma dam-

age.11 In the study, patients had their CH measured by the Reichert 

ORA and CCT determined by ultrasonic pachymetry. Two glaucoma 

specialists reviewed the charts to determine the highest known IOP, 

target IOP, diagnosis, years with glaucoma, cup-to-disk ratio (CDR), 

mean defect (MD), pattern standard deviation (PSD), glaucoma 

hemifi eld test (GHT), and presence or absence of VF progression. 

The study revealed that thinner CCT was associated with glaucoma 
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damage, and CH and axial length were correlated with progressive 

VF worsening.

De Moraes, et al. prospectively assessed glaucoma patients who 

underwent evaluations including IOP by GAT and CH by the ORA.12 

They looked at the relationships between CH and CCT, and rates 

of VF change. Researchers found that corneal biomechanical and 

physical properties such as CH and CCT were highly associated with 

each other and VF progression. The mean global rate of VF change 

was -0.34 ± 0.7 dB/y, and 25 eyes (16%) reached a progression 

endpoint. Progressing eyes had lower CH and CCT measurements 

compared with nonprogressing eyes, and CH and CCT correspond-

ed signifi cantly (r=0.33, p<0.01). By multivariate analysis, peak IOP 

(OR=1.13 per mmHg higher; p<0.01), age (OR=1.57 per decade 

older; p=0.03) and CH (OR=1.55 per mmHg lower; p<0.01) re-

mained statistically signifi cant. As such, researchers wrote that CH 

might more thoroughly describe corneal properties than CCT alone 

and be more closely associated with progression.

My team prospectively analyzed baseline CH and rates of glauco-

ma progression over time, and found that lower CH values yielded 

faster progression rates.13 A total of 68 glaucoma subjects (114 

eyes) were evaluated at six-month intervals over four years. We as-

sessed CH via the ORA, IOP by GAT, CCT using ultrasound pa-

chymetry, and VF with the VF index. And we compared VF loss in 

eyes with CH less than 10 mmHg (average) and mean slopes of 

eyes with greater-than-average CH. The result: Eyes with lower CH 

had statistically signifi cantly faster progression.

In addition, we compared CH’s vs. CCT’s predictive abilities, and 

found CH had greater prognostic ability than CCT; each 1 mmHg 

lower CH was associated with a 0.25%-per-year faster rate of VFI 

decline (p<0.001). Furthermore, baseline CH was associated with 

RNFL loss rates over time.  

The OHTS fi rst outlined risk factors that we use to determine 

whether a patient is a glaucoma suspect or at high risk for devel-

oping damage.1 When the OHTS was conducted, the ORA did not 

exist, so CH was not included. However, I am part of the follow-up 

OHTS 3 study in which we are assessing CH’s role in development 

of glaucoma.14 

Given that CH can be affected by the viscoelastic properties of 

the cornea, some researchers have speculated that similar prop-

erties of posterior structures such as the lamina cribrosa and peri-

papillary sclera might also infl uence CH. Wells, et al. investigated 

the relationships between acute IOP-induced ONH surface defor-

mation and CH and CCT in glaucomatous and normal eyes.8 The 

prospective, experimental study of 100 subjects (38 with glauco-

ma, 62 without glaucoma) investigated artifi cially induced IOP ele-

vation using a LASIK suction ring. Researchers collected spherical 

equivalent, optic disc diameter, CCT, axial length, cylinder, GAT IOP, 

Pascal IOP, ocular pulse amplitude and ORA CH measurements. 

In glaucoma subjects, CH was associated with greater optic nerve 

surface deformation during transient elevations of IOP as well as 

cup depth changes. 

Science has clearly demonstrated that CH is tied to glaucoma 

progression risk. Some researchers hypothesize that this associa-

tion relates to biomechanical properties of tissues in the posterior 

eye. One group of investigators found a relationship between lam-

ina cribrosa displacement and CH measurements before and after 

glaucoma medical therapies on spectral domain (SD)-OCT scans.9 

Other investigators showed that biomechanical alteration of the 

sclera by cross-linking increased risk of RGC damage in a mouse 

model, though they didn’t specifi cally look at CH.15  

Turning to the IOPcc measurement, this parameter is also show-

ing promise for predicting glaucoma patient outcomes. My team 

designed a study to see how the ORA’s IOPcc measurements vs. 

various tonometer pressure readings were associated with VF loss 

rates over time.16 Linear mixed models helped evaluate the rela-

tionship between each tonometer’s mean IOP and VF loss rate 

over time (while adjusting for age, race, CCT and CH). It turned out 

that mean ORA IOPcc was more predictive of VF loss than mean 

GAT or RBT IOP, after correcting for corneal-induced artifacts. 

CH consistently has been identifi ed as a risk factor for develop-

ment and progression of glaucoma. Research continues to show 

that CH might provide an indirect clue about the ONH’s biome-

chanical susceptibility to damage. Further study would be needed 

to confi rm whether IOPcc could be more valuable than RBT and 

GAT in predicting patient outcomes in glaucoma.

RATES OF VF PROGRESSION IN % PER YEAR

FASTER PROGRESSION IN EYES WITH LOWER CH

The effect of IOP on rates of 
progression is dependent on 
CH. Eyes with a combination 
of higher IOP and lower CH 
progress more rapidly.13

After investigating the relationship between baseline CH and rates of glaucoma progres-
sion, my team found that eyes with lower CH had faster progression.13 

Images: Felipe Medeiros, MD, PhD
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Using CH to Help Your Patients
By Nathan Radcliffe, MD

I 
use CH in clinical practice in a variety of ways: to estimate 

risk of glaucoma development and progression, stay abreast 

of IOP and the cornea’s impact on pressure; and gauge IOP 

response to eye drops, selective laser trabeculoplasty (SLT) and 

more invasive surgeries. My offi ce has six pre-examining lanes, 

four with GAT and two with the ORA. I use Goldmann pressure 

fi ndings from the ORA interchangeably with GAT.

My own research has found GAT and ORA measurements to 

be consistent. I published a paper showing that there’s as much 

variability between two Goldmann pressures taken fi ve minutes 

apart as there is between GAT and ORA in that time.17 Some of 

my fi ndings have revealed that the Goldmann-correlated mea-

surements taken with the ORA can be cleaner than the GAT 

readings my techs take. The ORA is more objective; it’s never 

in a rush to get out of clinic, never mad at its boss, and when 

an eye is in front of it, it’s simply going to provide eye pressure 

measurements as accurately as possible.

The ORA also offers a very sterile and effi cient way to mea-

sure pressure that doesn’t require topical anesthetics. Using 

fl uorescein or tetrcaine with fl uorescein for GAT makes my pa-

tients wince in pain for a minute after instillation. 

For surgical procedures, CH measurements help me predict 

SLT effi cacy. I have performed surgery on many patients be-

cause of measurements achieved with the ORA. CH’s predic-

tive ability for SLT was demonstrated in one particular study.18 

Researchers evaluated clinical parameters for predicting SLT 

outcomes in medically uncontrolled open-angle glaucoma 

(OAG). They concluded that biomechanical properties (CH and 

corneal resistance factor [CRF]), in addition to baseline IOP, 

were signifi cant predictors of SLT-induced IOP-lowering. 

CORNEAL HYSTERESIS IN 
PRACTICE

Several cases demonstrate how I use corneal hystere-
sis in clinical practice:

CASE 1

A 53-year-old black male with glaucoma presented 
to me with the following evaluation: CCT: 598/582; 
GAT: 15mmHg; IOP medication OU; CH: 6.8 OD / 7.1 
OS; IOPg: 15.5 OD / 15 OS; IOPcc: 19.2 OD / 18.9 
OS. His GAT pressure was 15 mmHg. He had low 
CH, his IOPcc was higher (19 mmHg) than his GAT 
pressure, which meant that, despite a thick cornea, 
true pressure was higher than GAT measurements 
were revealing. There’s a correlation between CCT and 
CH, but they can go in different directions, and CCT is 
not a great way to correct IOP.

CASE 2

A 70-year-old man presented with GAT IOPs of 28 
mmHg OU; CCT: 545 microns; VF: full (PSD 1.4); 
OCT: borderline, some thinning; VCDR: 0.7; and CH 
wasn’t available. The OHTS Glaucoma Risk Calculator 
yielded 30%. Five years later in 2012, the patient 
had been on three topical agents (PGA, beta-blocker 
and CAI), and GAT IOP was 24 mmHg. VFs revealed 
no progression. The old plan had been to consider 
surgery. CH was then available and recorded: CH: 
13 mmHg; IOPcc: 19 mmHg; IOPg; 23 mmHg. Given 
the CH information, the new treatment plan was to 
continue medical therapy with ongoing monitoring of 
HVF and OCT. CH at baseline could have predicted 
low risk of VF loss. This is a case in which it became 
clear that the patient didn’t need multiple or possibly 
any topical agents.

CASE 3

The patient presented with OS CH 7.2; IOPcc: 21.7; OD CH 9.8; IOPcc 20.4; CH asymmetry was troublesome despite 
reasonably normal IOPs. OCT was “green,” but asymmetry was present. The nerves weren’t perfect; the left nerve 
inferiorly had a weak RNFL thickness and average. VFs revealed a possible early superior arc to scotoma. Because CH 
was signifi cantly lower in the left than the right eye, we treated for early glaucoma. Image: Nathan Radcliffe, MD
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CH Will Rock Your Clinical World 
By Davinder Grover, MD

C
H measurements are revolutionizing glaucoma manage-

ment in a new and exciting way, but they also are chal-

lenging dogma in the glaucoma world; if you don’t feel 

uncomfortable, you might not be paying attention. We spent 

decades thinking GAT was the gospel, and though we still use 

Goldmann because it encompasses the volume of evidence in 

our world, that is starting to change.  

In Texas, CH is covered by Medicare. Since the test is reim-

bursable, patients don’t put up a fi ght. For my commercial payer 

patients, it’s not covered by major carriers, so I charge $50 to 

have it done. For many of my patients, $50 saves them hours 

of  their lives because rather than seeing me every six months, 

they see me once a year to every 18 months.  

As a glaucoma specialist, I fundamentally understand that 

pressure is high or low; and that’s how I think about hystere-

sis. The average CH measurement is 10 mmHg, so I consider 

above 10 mmHg to be great, and below 10 mmHg to be bad 

and associated with an increased risk of developing glaucoma 

and progressing from glaucoma, which has been evidenced by 

Dr. Medeiros and his team. 

I truly feel that CH is a glaucoma vital sign. I do not make 

clinical decisions about my patients without knowing their CH 

because if their hysteresis is 8 mmHg, I treat them very differ-

ently than if it’s 13 mmHg. CH is an independent risk factor 

for glaucoma development and progression, which has been 

demonstrated in prospective and retrospective studies. It also 

provides invaluable information about the biomechanical struc-

tures of the eye. At the same time, IOPcc offers unique insights 

into IOP, although the relationship between GAT IOP and IOPcc 

needs to be further evaluated. 

What does this mean for me in practice? CH has changed 

my approach dramatically when it comes to making decisions 

about patient risk. I tell my patients, “I’m relying on the shock 

absorbing abilities of your eyes to give me important informa-

tion about your disease. If your eyes are great shock absorbers, 

I’m reassured; if they’re bad shock absorbers, then I’m more 

concerned.” Everything starts from there.

1. Kass MA, Heuer DK, Higginbotham EJ, et al. The Ocular Hypertension Treatment Study: a randomized trial determines 
that topical ocular hypotensive medication delays or prevents the onset of primary open-angle glaucoma. Arch Ophthal-
mol. 2002 Jun;120(6):701-13; discussion 829-30.
2. Leske MC, Heijl A, Hyman L, Bengtsson B, et al; EMGT Group. Predictors of long-term progression in the early manifest 
glaucoma trial. Ophthalmology. 2007 Nov;114(11):1965-72.
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preperimetric glaucomatous optic neuropathy. Am J Ophthalmol. 2003 Nov;136(5):805-13.
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glaucoma trial. Ophthalmology. 2007 Nov;114(11):1965-72.
5. Medeiros FA, Sample PA, Zangwill LM, et al. Corneal thickness as a risk factor for visual fi eld loss in patients with 

CH is also an important factor in assessing glaucoma pro-

gression risk. Medeiros, et al. evaluated CH as a risk factor for 

the rate of VF progression in prospectively followed glauco-

ma subjects.13 A total of 114 glaucoma eyes were tracked for 

an average of 4 ± 1.1 years. VFs were obtained with standard 

automated perimetry, ORA CH measurements were acquired 

at baseline, and eyes had a median number of seven (range, 

fi ve to 12) tests during follow-up. Researchers determined that 

eyes with lower CH had faster rates of VF loss than those with 

higher CH. So CH measurements were signifi cantly associated 

with glaucoma progression risk.

The study also taught us that low CH responded well to ther-

apy, while high CH did so only modestly. As such, we might be 

overtreating low-risk, high-CH patients but undertreating high-

risk, low-CH patients. In addition, when it comes to targeting 

IOP, it’s essential to take the cornea into account. Rather than 

aggressively aiming for a low IOP number in someone with a 

high hysteresis, it might be more prudent to focus on IOP re-

duction in the low-CH patient due to the individual’s additional 

risk.

Other studies have revealed that CH and CCT are weakly 

correlated, and that CH varies between eyes.11,19 I keep that 

in mind when determining which eye has the highest risk. CH 

tends to vary more than CCT between fellow eyes, and is, on 

average, lower in the eye with worse glaucoma. CH, unlike CCT, 

is dynamic and may fl uctuate a little with IOP shifts.17 

CH helps stratify risk in glaucoma suspects and patients. I 

believe it better explains VF loss than CCT and IOP, increasing 

confi dence for clinical decisions on which patients to treat and 

monitor. There is some fl uctuation in hysteresis. It’s a messy 

clinical parameter like everything else we measure, but when 

you add it to the rest of the glaucoma picture, it fi ts in a mean-

ingful way that empowers you to take better care of your pa-

tients.

CORNEAL HYSTERESIS IN PRACTICE

 Several cases demonstrate how CH has changed my clinical practice:
CASE 1

This was my partner’s patient whom I saw once. A 79-year-old female with POAG and no 
signifi cant PMHx, the patient exhibited progression despite low IOP (between 10 and 14 
mmHg OU since 2014). Our evaluation also revealed: CCT: 530 OU; C/D: 0.9 OU; brimoni-
dine/timolol combination BID OU; S/P Phaco/ECP OU in 2006 and 2008; VF progression; 
and no signifi cant medical history. This was a patient in whom progression was diffi cult to 

explain. The left eye remained fairly stable, but the right eye progressed over fi ve years. Pres-
sure on both medications was 12 mmHg. CH was around 8 mmHg; IOPcc was much higher—
revealing a discrepancy. I initiated Latanoprost in both eyes and had the patient come back a 
month later. IOPcc went down, but GAT didn’t change. I didn’t know why Goldmann missed 
this. This is a patient whom I would fl ag. When there is a stark discrepancy between GAT and 
IOPcc (with IOPcc being higher), I refer to the CH and, if low, I treat almost every time.
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CASE 2

A 59-year-old Hispanic male was referred by an optometrist for a disc hemorrhage. He presented with the following evaluation: no family history of glaucoma or trauma; VA 
cc: 20/20; Rx: -3.25 and -3.75; CCT: 536 and 538; GAT IOP: 13 and 14 mmHg; pertinent exam: C/D: OD: 0.8 with resolving disc heme; OS: 0.85. The patient was slightly 
myopic, with average CCT and a resolving disc hemorrhage on the right side. IOPcc’s were: 16 and 17 mmHg. Nerves revealed classic glaucoma and corresponding focal 
loss at the disc hemorrhage and corresponding early VF defects. I started Latanoprost, and the patient returned as a “non-responder” at 13 and 14 mmHg, according to GAT. 
However the IOPcc had dropped signifi cantly in both eyes. This rocked my world and made me uncomfortable about how I had been taking care of patients until then. The 
patient wasn’t a non-responder; I just didn’t have the tools earlier to pick up a change.

Based on later IOPcc measurements, 
I discovered that this patient wasn’t a 
non-responder to medication therapy, 
as I had previously thought; I just 
didn’t have the tools earlier to pick 
up a change.
Images: Davinder Grover, MD

NOT A NON-RESPONDER

CASE 3

A 46-year-old woman presented with suspicious nerves and the following evaluation: 
0.75 OD and 0.8 OS; CCT: 565 and 570; IOPs in the upper teens/low 20 mmHgs; no 
medication; family history of glaucoma; and “normal” OCT and VFs. I followed her for 
two years. Two years later, CH was 13.5 and 13.8 mmHg. Those CH measurements 
gave me the confi dence to follow the patient annually. The OHTS calculator put her 

fi ve-year risk of progression at 10%. I’ve been following her every six months because 
she is scared. She has a strong family history of glaucoma, with family members who 
have lost vision. At the most recent visit, CH came back at 13 mmHg. So I don’t have 
to worry that this patient likely will go blind in her lifetime, based on what we know 
about hysteresis. 
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