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We’ve come a long way... 
There was a time when glaucoma was intraocular pressure over 22 

mmHg in patients over 40 and houses had white picket fences. My     

contemporaries may remember those simpler days, and believe me,    

we don’t yearn for them. We’ve come a long way. We certainly know     

a great deal more about glaucoma than we did a few decades ago, 

but there is much more still to discover.  

 

Study 
Dr Naseer Ally, ophthalmology registrar at St John’s Hospital in Johannes-

burg is doing research into optometrists’ diagnosis and assessment of 

glaucoma, as well as how we refer to ophthalmologists for management. 

You can complete the survey here: https://redcap.core.wits.ac.za/

redcap/surveys/?s=WFXMY33RDP 

A similar assessment was reported in the British Medical Journal in 2013, 

soon after the first optometrists gained therapeutic privileges. Referral 

patterns for optometrists with a special interest (OSIs) in glaucoma        

versus those who do not show lower referral rates, particularly after the  

introduction of the National Institute for Health and Clinical Excellence 

(NICE) glaucoma guidelines. Still, optometry referrals for elevated IOPs  

remain disproportionately high. The more we know, the more                 

appropriately we can refer. Let’s review the condition briefly before      

we go through some new research.  

 

Glaucoma 
Glaucoma is a group of progressive optic neuropathies accompanied by 

visual field changes. One of the easiest to detect and follow, and one of 

the most common risk factors is elevated intra-ocular pressure (IOP), but it 

does not define the glaucomas any longer.   

https://redcap.core.wits.ac.za/redcap/surveys/?s=WFXMY33RDP
https://redcap.core.wits.ac.za/redcap/surveys/?s=WFXMY33RDP


The next parameter that we can monitor is the visual field (VF). Perma-

nent peripheral VF loss. George Bernard Shaw said that the English, not 

being a very spiritual people, invented the game of cricket to give    

them some idea of eternity. Clearly, visual field analysers had not  

been invented. They make a 5-day game seem brisk!  Nevertheless,          

if the patient’s cooperation, concentration and wakefulness can be 

maintained, the computerised printout can be very valuable. Although 

the exact process is unknown, VF damage is presumed to result when the 

IOP exerts sufficient compressive force to damage nerve fibres as they 

exit the eye via the optic nerve. Some optic nerves are more susceptible 

to damage, possibly due to perfusion differences or genetic risks.           

Because the peripheral retina is represented by fewer nerves, the VF    

defect is seen there first.     

 

Besides IOP and VF, a good look at the optic disc with a 90D lens and 

then captured by fundus photos will help the clinician decide whether 

the patient has a glaucoma risk. The 90D examination is uncomfortable 

for the patient, so go in with a plan, rather than just vacuously gazing at 

the wonder of it all. Use the parameters listed below to make a mental list 

for yourself.  
 

Because a fundus assessment and fundus photos are largely independ-

ent of practitioner and patient bias, this is probably the most useful       

parameter to assess when checking for disease, or progression. Assess 

and record the cup-to-disc (C:D) ratio. First introduced by Armaly in the 

1970’s, the C:D expresses the proportion of the disc that is occupied by 

the cup. The notation is commonly used but the C:D ratio is remarkably 

personal with inter-observer measures differing substantially. Still, intra-

observer consistency is better and there is value in charting progression.   

  



Size does count 

The number of axons 

that leave the eye 

via the optic nerve is 

a fairly consistent 1.2 

million, whether the 

cup is large or small. 

The average disc 

size is 1.5 mm, under 

1.3 mm is small and 

over 1.8 is large.  

The mean C:D ratio 

is 0.45 with 0.35 for 

small and 0.55 for 

large cups. So a C:D 

of 0.5 in a large disc 

is potentially physiologic, but a large cup in a small disc is most likely 

pathologic. Progression is easier to see in small discs. Also, the relation   

between cup size and VF loss is not linear. Losing half the rim in a small, 

flat disc would enlarge the C:D from 0.0 to 0.7 but if the disc had started 

off at 0.7, 50% nerve damage would result in a C:D of 0.85.   
   

These are large (1.8 mm) discs. The right 

eye is normal, even at 0.8, but the left eye 

at 0.9 has a superior VF loss relating to the 

inferior nerve fiber layer damage.  

 

 

 

 



Asymmetry is significant, but can be normal when the discs are  

different sizes. 

The right disc is large (1.8 mm) 

and the left normal (1.6 mm) 

and the C:D of 0.65 (R) and 

0.35 (L) are normal.  

 

 

 

Is it or ISNT it? 

The area of the disc occupied by the 

densely packed retinal nerve fibre      

axons, directly inside the scleral ring,      

is called the neuroretinal rim.   

The rim has a predictable or physio-

logically normal pattern of thicker   

and thinner focal areas, and changes 

are useful to quantify glaucomatous 

damage. A healthy disc is thickest inferiorly, then superiorly, then nasally, 

with the thinnest portion being temporally – ISNT. 

  
 

Focal rim notching 
Focal notching is very characteristic of glaucoma and tends to be infero-

temporal or superotemporal. Notches may advance to full thickness, with 

associated peri-papillary atrophy. Notches often correspond to specific   

http://www.ophthobook.com/questions/question-what-is-the-isnt-rule-in-glaucoma
https://www.reviewofophthalmology.com/article/revisiting-the-importance-of-disc-size
https://www.reviewofophthalmology.com/article/revisiting-the-importance-of-disc-size


visual field defects. Besides glaucoma, age will also thin the nerves, making 

an older person’s disc is more difficult to assess for glaucomatous thinning.  

Pallor 

Pallor can be an early sign of glaucoma, sometimes preceding cupping, 

but consider alternative causes as well, e.g. optic atrophy.  
 

Cup progression 

 Bayonetting:  When the supporting tissue under the 

bloodvessel falls away, the vessel sags down and forms   

a kink, which looks like an old fashioned bayonet. It’s a 

wretched object, but an accurate comparison. 
 

 Laminar appearance as the lamina cribrosa is exposed. 

 

 Splinter/ Drance/ disc/ nerve       

fibre layer hemorrhages:   

Classically, these hemorrhages are in 

the prelaminar area of the optic disc 

and they cross over the peripapillary 

zone into the superficial retinal nerve 

fiber layer – up to a disc diameter 

away from the optic nerve head. 

Deeper hemorrhages can be limited 

to the disc and look round or blotchy. 

 

 

Bayonet 

http://eyewiki.aao.org/Optic_Disc_Hemorrhage


A 2016 report on the prognostic value of disc hemorrhages found that in a 

cohort of 1618 Ocular Hypertension Treatment Study patients, those who 

initially presented with disc hemorrhages 13 years ago, 25.6% developed 

glaucoma compared with 12.9% who also had ocular hypertension, but   

no disc hemorrhage. Disc hemorrhage is a highly predictive sign when 

there are other risk signs (e.g. high IOPs) even many years before the onset 

of glaucoma. Disc hemorrhages is more than twice as common in those 

with POAG (incidence 1.2%) than those with ocular hypertension 

(incidence 0.5%). Yes, disc hemorrhages may result from posterior vitreous 

detachment, optic neuropathy and other retinal disease, but glaucoma 

should be your number one concern, both at the time and after. They are 

most  commonly found inferotemporally and superotemporally, and there 

appears to be an association with rim notching. Law et al went back to 

older images for patients with disc hemorrhages and found that all 33 in 

their study had rim notches preceding the disc hemorrhages, in fact by    

up to 21.5 months.  

Disc hemorrhages 

http://www.ajo.com/article/S0002-9394(16)30536-0/abstract?cc=y=
https://www.ncbi.nlm.nih.gov/pubmed/11530060


Disc hemorrhages cannot be treated themselves, so increased vigilance 

and efforts to reduce the IOP is the only action we can take. Disc   

hemorrhage is associated with the following systemic conditions:  

 

Retinal nerve fibre layer (RNFL) defects  

The retinal nerve fibres pass from photoreceptors 

over the retina as they course towards the optic 

disc. The RNFL is the innermost layer of the retina. 

Just as we see the cup size increasing as these 

nerves are lost, we can see changes in the nerve 

fibre layer across the retina.  It can be viewed and 

photographed with a green light on the slit lamp. 

For more money, retinal nerve fibre layer analysers do the same in more  

detail. Wedge shaped defects are often seen adjacent to notches, and 

typically related to VF loss.  

 

Peripapillary atrophy (PPA) 

Peripapillary atrophy occurs with advancing age, myopia and glaucoma. 

In both POAG and normo-tensive glaucoma, PPA correlates with disease 



severity and progression. Normal PPA tends to 

be focused at the temporal rim and with age 

can extend the full 360 degrees around the 

disc. Abnormal PPA is near the thinnest rim.  
 

Diagnosis and management 

Glaucoma management remains simple, because our options are limited. 

Lowering IOP, medically or surgically is, for now, the mainstay of treatment.  

Medical Options 

 Prostaglandin Analogs. This class of drugs probably represents the most 

common first choice. Dosing, once daily at bedtime (hs), makes it pa-

tient friendly and keeps compliance high. Besides sensitivity to any in-

gredient, prostaglandin analogs should not be used by patients with 

ongoing  inflammation e.g uveitis, cystoid macular edema or chronic 

inflammatory eye disease. Patients should know about the iris and    

periorbital skin colour changes, particular if treatment is monocular. 

Patients tend to worry less about eyelash growth, hyperemia and       

orbital fat loss.  

 Selective Alpha Agonists. Certain brands are notorious for rare, but 

spectacular allergy. Side effects, particularly in children and elderly, 

may include orthostatic hypotension, low blood pressure, fatigue, 

headache, drowsiness and dry mouth.  

 Beta Blockers. These are contraindicated in patients with pulmonary 

heart disease as they can cause bradycardia, low blood pressure and 

arrhythmia. They can cause bronchial constriction, affecting those with 

asthma or chronic obstructive pulmonary disorder and have been    

associated with sexual dysfunction, reduced libido, general weakness, 

depression and other central nervous system (CNS) side effects.  

 Carbonic Anhydrase Inhibitors (CAIs) Topical CAIs have few contra-

indications, although patients with significant sulfonamide allergies 

should take care. Oral CAIs are not for chronic use so we won’t include 
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them here. They are used to precipitously drop IOP in a crisis, e.g. when 

an angle closes.  

Which one is best? 
The ophthalmologists we work with in both the public and private sectors 

choose prostaglandins first. The once-daily dosing is a huge advantage as 

it encourages compliance, but is it really the best? An article in the Annals 

of Internal Medicine by a team at the Johns Hopkins Bloomberg School of 

Public Health used network meta-analysis to assess IOP drop after 3 months 

on randomized controlled trials (RCTs) where monotherapy is compared 

with another monotherapy, a placebo, vehicle only or no treatment. The 

best mean reduction in 1991 was from betablockers (down 4.01 mmHg); α2-

adrenergic agonists in 1995 (down 5.64 mmHg) and prostaglandins in 1999, 

2004, and 2009 (5.43, 4.75, and 4.58 mmHg respectively). The study authors 

recommend meta-analysis to compare multiple treatment options for the 

development of treatment protocols. In this case, the data declares     

prostaglandin best for reduction in IOP at 3 months.   

 

Anything new?   

Patient compliance is a big problem with chronic medications. We’ve seen 

noisy reminders, SMS reminders, and efforts to remove the responsibility from 

the patient entirely: Sustained-release travoprost in a punctum plug was 

the theme of 2013. It worked for 2 months. The following year a sustained 

delivery bimatoprost lasted almost 4 months.  The Massachusetts Ear and 

Eye recently released results this year that their latanaprost eluting contact 

lens is as effective as treating IOP using the equivalent eyedrops... in     

monkeys so far.  Contact lenses that release medication have been      

studied for years but have mostly been ineffective because they release 

the medication too quickly. Drug-encapsulated polymers in the periphery 

of the lens now allow slower release.  

 

https://www.reviewofoptometry.com/email/pearl198.html
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Will we ROCK you?  

Rhopressa (netarsudil), a Rho-associated coil–forming protein kinase 

(ROCK) and the combination, Roclatan (netarsudil and latanoprost) are 

both currently in Phase III clinical trials. The ROCK inhibitors work directly on 

the trabecular meshwork and inhibit contraction of the smooth muscle  

cells lining Schlemm’s canal, by inhibiting Ca2+ sensitization, which leads     

to a decrease in actin stress fibers and focal adhesions. In phase II trials, 

Rhopressa showed a 28% IOP reduction. In the (ongoing) phase III trials,  

the combination Roclatan reduced the IOP to 16 mmHg in 61% of patients. 

Hyperemia, as we have come to expect with the prostaglandin analogues, 

is a common side effect. 

Diet 

We know that diet plays a role in common systemic and ocular conditions. 

Why not glaucoma?  If oxidative stress contributes to the optic nerve dam-

age in glaucoma, it makes sense that antioxidants could help to prevent 

further injury. There is no data confirming this. Dietary sources of anti-

oxidants include pomegranate, acai berries, cranberries, dark chocolate, 

black and green tea, bilberry, lycopene (from tomato products), dark 

green leafy vegetables like kale and spinach, and flax seeds. Encourage 

patients to discuss any herbs/ supplements that they are taking. We need 

to know if they are taking, for example, ginkgo and bilberry, which may   

increase clotting times. 

It’s easy enough for us to add supplements to our diet, but here’s news    

we may not want to hear. Fasting every second day suppresses retinal  

ganglion cell death in mice with normal tension glaucoma. It doesn’t 

change their IOP, so what’s the mechanism? Actually, there are sev-

eral.  Fasting on alternate days increases blood beta-hydroxybutyrate       

(β-HB) levels, a ketone known to possess neuroprotective properties. This 

fasting also increased antioxidants, decreased oxidative damage in the 

brain and decreased oxidative stress levels in the retina. Weird, right?! 

http://www.practiceupdate.com/content/2016-top-stories-in-eye-care-will-rock-inhibitors-replace-prostaglandins-for-glaucoma/45402/37/5/3
http://www.news-medical.net/news/20160915/Article-provides-insights-into-nutrient-rich-foods-that-can-help-prevent-glaucoma.aspx
http://www.nature.com/articles/srep33950


Surgery 

Trabeculectomy is very successful at reducing IOP in open-angle glau-

coma, yet the procedure is being used less and less. Between 1994 and 

1998 the number of US Medicare patients having glaucoma surgery         

decreased by 72% for inpatients and 42% for outpatients. Trabeculectomy 

surgery in the UK declined from a high of 36.47 per 100 000 of the popula-

tion in 1995 to 10.76 per 100 000 in 2012. Safe and effective medications 

certainly play a role, particularly the prostaglandin analogues.  

On the other hand, shunt surgeries have been increasing. In the US, from 

2356 in 1994 to 12,021 in 2012; and in the UK there was a sixfold increase  

between 2003 and 2012. The Tube Versus Trabeculectomy (TVT) study con-

firmed that there are fewer complications and a better long term outcome 

with shunt or tube surgery. Both are difficult surgeries.  

Less invasive are the micro-invasive 

glaucoma surgeries (MIGS) to place 

either the iStent (Glaukos) or the   

CyPass (Alcon) suprachoroidal 

shunts, both   FDA-approved this 

year. Both  are implanted during 

cataract surgery.  
Click on the image to watch the video.  
 

 

 

 

Trabectome (NeoMedix), instead of a stent, uses high-frequency electro-

cautery to remove trabecular meshwork out to Schlemm’s canal.   
  

Systemic Medications 

 If we are concerned about topical medications causing side effects,  

what is the risk of systemic medications causing ocular IOP changes? The 

European Prospective Investigation into Cancer (EPIC) Norfolk Eye Study 

was indeed epic in its extent. Some 7000 patients, mean age 68 years, who  

Click here to watch 

http://www.practiceupdate.com/content/2016-top-stories-in-eye-care-will-rock-inhibitors-replace-prostaglandins-for-glaucoma/45402/37/5/3
http://www.practiceupdate.com/content/2016-top-stories-in-eye-care-will-rock-inhibitors-replace-prostaglandins-for-glaucoma/45402/37/5/3
http://www.practiceupdate.com/journalscan/9830
http://transcendmedical.com/physicians/cypass-micro-stent/


had never had glaucoma were assessed. Their oral medications included 

angiotensin-converting enzyme (ACE) inhibitors, angiotensin-receptor 

blockers, α-blockers, β-blockers, calcium channel blockers, diuretics,     ni-

trates, statins, insulin, biguanides, sulfonylureas, aspirin and other non-

steroidal anti-inflammatory drugs. Only systemic betablockers and nitrates 

were independently associated with lower IOP, and accounted for less 

than 1mmHg drop in IOP in each case. Still, it’s comforting to know that   

the hypertensive Mrs X may be benefiting ever so slightly from her systemic    

betablockers while you scratch your head about whether she does or 

doesn’t have glaucoma.  
 

Not all systemic medications have fortunate side effects. We know that 

long term use of topical steroids increase IOP. How about inhaled steroids 

e.g. for asthma?  During a double-blind, randomised, controlled trial   

evaluating the effect of inhaled corticosteroids compared with inhaled   

saline placebo on the IOP of 22 participants with either POAG or ocular   

hypertension, no significant difference in IOP between the groups was 

found after 6 weeks.  

 

Diagnosis: Anything new? 

We’ve looked at new treatments once patients have been diagnosed  

with glaucoma, but we’ve  been ignoring the elephant in the room. How 

do we diagnose? Well, you build a case by looking at the disc, the retina, 

the IOP, race and other genetic risks, age, corneal and retinal thickness... 

but ultimately we would all love an OCT. A recent article in Clinical        

Ophthalmology confirmed that OCT and short wave-automated perimetry 

(SWAP) detect glaucoma earlier and make the distinction between     

glaucoma versus glaucoma suspect better than regular perimetry. The 

RNFL thickness seems to be the most telling, with average RNFL thickness 

75±9.0 in the glaucoma group, 99±15.5 in the normal/ control group and 

http://www.practiceupdate.com/c/39311/1/5/?elsca1=emc_enews_expert-insight&elsca2=email&elsca3=practiceupdate_eye&elsca4=eyecare&elsca5=newsletter&rid=OTEzNDEzMjA2NjUS1&lid=10332481
https://www.dovepress.com/short-wavendashautomated-perimetry-versus-optical-coherence-tomography-peer-reviewed-article-OPTH
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94±12 in glaucoma suspect. The inferior quadrant was typically affected 

first. Even more accurate is assessing the inferior macular ganglion cell—    

inner plexiform layer (mGCIPL), which together with RNFL information can 

now identify a Macular Vulnerability Zone (MVZ) before even the RNFL is  

affected.  

 

OCT can also be used for angiography. Angiovue by Optovue gives retinal 

vessel density as well as the percentage of area occupied by flowing 

blood vessels in the selected region. Normal eyes have a dense microvas-

cular network in both the circumpapillary area (a 750 micron-wide elliptical 

annulus around the optic disc) and over a larger (4.5×4.5 mm) central field. 

Not only does peripapillary microvasculature density and flow differ in pa-

tients with open angle glaucoma, those with normal tension glaucoma and 

those without glaucoma, but the differences related to visual field loss too.  

 

The role of blood flow in glaucoma risk and progression is not new. A 4-year 

study compared the peak systolic velocity (PSV) and end-diastolic velocity 

(EDV) of POAG patients. These retrobulbar blood flow measures were      

obtained by colour Doppler imaging. Patients with structural and functional 

progression at 4 years had had significantly lower baseline mean ophthal-

mic artery blood flow at the outset.  

 

Improving diagnosis 

The US Food and Drug Administra-

tion (FDA) has recently allowed 

marketing of a single-use contact 

lens (called Triggerfish, not to be 

confused with the local Triggerfish 

brewing company) with an          

embedded sensor to detect tiny 
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fluctuations in the eye’s volume. The device is worn for up to 24 hours,  

transmitting data wirelessly from the sensor to an adhesive antenna worn 

around the eye. The patient wears a portable Bluetooth data recorder 

which transfers data to a computer. The device doesn’t measure actual 

IOP, but shows the diurnal pattern of change in IOP.  The lens is generally 

well-tolerated with only temporary side effects identified e.g. pressure 

marks from the lens itself, ocular hyperemia and punctate keratitis. 

 

Randomly related 

Is there anything that helps us to make the diagnosis, to decide who to 

treat? During this year a few really random glaucoma associations have 

come up, for example this study finds that men with glaucoma are 2.58x  

more likely to have erectile dysfunction than those without glaucoma even 

after controlling for cholesterol, blood pressure, currently or previously smok-

ing or having diabetes. It’s all about perfusion, they say.  

Another random connection is that between pseudoexfoliation (PXF)     

syndrome, its related glaucoma and dry eye. Tear film break-up time (TBUT), 

Schirmer II test and lid parallel conjunctival folds are worse in PXF patients 

than in controls. Pseudoexfoliation is believed to alter goblet cell morphol-

ogy, resulting in tear film instability. Both PXF and dry eye are related to 

upregulation of the inflammatory marker, matrix metalloprotease 9 (MMP9), 

so patients with dry eyes may need a good look at the lens anterior surface 

and the angles to rule out PXF glaucoma.  

 

Why does it matter?  

We are in the business of protecting and optimising  

vision. Every day I marvel at how patients with          

significant visual needs cope. Knowing no better, the 

+5.00DS kindergarten child just accommodates, and 

the -3.00DS myope in grade 2 copies from his friends, 

http://2020glance.us13.list-manage.com/track/click?u=277f9bbd17bd94898aa55602c&id=1dcdadb92c&e=38a9ebf770
http://emailactivity1.ecn5.com/engines/publicPreview.aspx?blastID=1489844&emailID=324749086


earning a reputation as a problem child to boot. Due to its insidious nature, 

glaucoma patients with significant field loss may be driving without realising 

the extent of their vision loss. Their glaucoma may not even have been    

diagnosed yet. Others will complain of their vision being ‘not right’ despite 

their Snellen visual acuity remaining good. We all know that Snellen VA is    

a poor indicator of functional vision, but is there a better alternative? A    

recent Japanese study using an instrument proposed to measure functional 

visual acuity (FVA) was able to identify a parallel between the logMAR 

functional VA, the visual maintenance ratio and the foveal threshold. The 

instrument assesses FVA by displaying Landolt optotypes sequentially for 2 

seconds each, and reducing the size when the patient gives the correct 

answer. Perhaps it will become more available, but until then, we need to 

listen carefully and read into what patients are telling us so that we can  

advise them accordingly.  

When a patient already has a VF loss due to glaucoma (or any other     

condition) we manage comorbidities a little more aggressively. A cataract 

that would generally not require immediate surgery may cause enough  

aberration, reduction in luminance, or contrast sensitivity to exacerbate  

the effects of the field loss, increasing the driving risk. This is true for any  

condition that may affect vision, from the tear film and ocular surface 

through to vitreous changes. Early glaucomatous field loss is often nasal,   

so the other eye fills in the gaps, and it may not really affect driving and 

mobility. Mobility training in and around the house may also be necessary. 

The services offered by rehabilitation centres such as the Helen Keller  

Society or Retina South Africa can be of great value to your patients, and 

there are low vision specialist optometrists who will assist you or take over 

management if you prefer. Please contact the Synapse office for contact 

details if you don’t know of one in your area.  

Beyond the practical matter of preventing blindness, car accidents and 

poor decisions, there is another reason why we agonise over the diagnosis 
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of glaucoma: Imagine the psychological burden of having a condition  

that is the biggest cause of irreversible blindness in our population. How 

would you feel if you were diagnosed with glaucoma? Even as an eyecare 

professional with an understanding of the condition, we would have to 

come to terms with the fact that there will always be a risk, no matter     

how compliant we are. After all, up to 24% of glaucoma patients are 

monocularly blind and 10% bilaterally blind at the end of their life. Patients 

worry about losing personal mobility and driving ability, their independ-

ence, and possibly worry about family members who may be similarly       

afflicted. They worry about having the means to access care and buy 

medication for the rest of their lives. To burden them with this when the di-

agnosis may be incorrect is simply immoral.  

Remarkably, quality of life in glaucoma patients was only included as a 

study outcome (and then only a secondary outcome) in the early 2000s    

in the Collaborative Initial Glaucoma Treatment Study (CIGTS). According to  

a National  Eye Institute Visual Function Questionnaire (NEI VFQ-25) study   

of 907 Koreans with glaucoma, depression  and poor quality of life after      

a glaucoma diagnosis are most common in persons with other ocular      

disease, lower educational attainment, anxious personality, number of 

glaucoma medications, worse eye’s visual acuity, and extent of binocular 

visual field loss. The greatest impact is at the time of diagnosis. A Journal of 

Nursing Research article identifies seven themes that glaucoma patients 

work through, including  

 confirming the diagnosis through unrelated symptoms,  

 being grateful that they don’t have a life-threatening disease,  

 feeling happy after receiving more accurate information,  

 coping with the disease by complying with treatment and follow-up    

 avoiding further damage,  

 emotional reactions to going blind 

 concern for family members.  

http://www.practiceupdate.com/c/39315/1/5/?elsca1=emc_enews_expert-insight&elsca2=email&elsca3=practiceupdate_eye&elsca4=eyecare&elsca5=newsletter&rid=OTEzNDEzMjA2NjUS1&lid=10332481
https://www.aao.org/eyenet/article/landmark-glaucoma-studies-key-findings-treatment-l
http://www.practiceupdate.com/C/46817/56?elsca1=emc_enews_topic-alert
https://www.reviewofoptometry.com/newsletter/op/optometric-physician-august-8-2016


Patients ascribe their symptoms to unrelated 

things all the time. I recently saw a 46-year-old 

CL wearer who wanted to go back to his 

’previous’ lenses. We switched him from 

spheres to torics a few years ago. I asked 

about his reasons for wanting to change back and he said he had been 

able to read better with the previous type. I tried to break the news gently 

that we could return to that type of lens, but we couldn’t turn back time: 

Presbyopia had started and it had nothing to do with the lens design or Rx.  

 

One of our patients is having a hard time, even after several years and 

many opinions, processing her glaucoma diagnosis. At her first examination 

at our practice she brought all the reports, and seemed to understand 

what her diagnosis entailed. Pressures were fairly low and as far as I could 

tell her condition was stable. All good, right? A few months later she started 

to come in every month, requesting tonometry. I explained that it was un-

necessary, but soon discovered that her pressures were all over the place. 

Every time we measured high pressures, she was devastated. I’ll fast for-

ward the tedious process, but we discovered that she had started using her 

drops every second night in an attempt to ‘wean’ herself off them. She has 

only had the problems, she reckons, since she went onto these drops.   
 

We can be a valuable source of information,    

support and comfort to these patients and we 

should not underestimate their need for that. I 

would like to say that in this instance I politely      

explained to her what many others must have 

done before me; but I’m afraid I did not. I told   

her to stop wasting her time and money and start being responsible.       

Despite our best efforts, and for many reasons, patients don’t always    

comply and self-destructive behaviour is incredibly frustrating to witness. 



What’s the bottom line? 

No, literally, how low do we go? 

The concept of target IOP dates 

back at least to the 1950s & was 

reinforced by the Advanced 

Glaucoma Intervention Study 

(AGIS) which concluded that if 

IOP was kept below 18 mmHg 

at all visits or at a mean of 12.3 

mmHg, progression could be 

halted. Target IOP is the subject of an article by Dr Fan-Gaskin in current 

New Zealand Optics publication, Clinical Desktop. Here are her thoughts: 

‘Most glaucoma trials aim for a percentage reduction of 25-30% as such    

a percentage drop is likely to be statistically significant and exceed the 

normal fluctuations of IOP. A percentage reduction also individualises the 

target somewhat for each patient, rather than arbitrarily setting a target   

of 8 mmHg for every patient, which would also prevent progression, but  

undoubtedly would lead to overtreatment of a large number of patients. 

Alternatively, several complicated formulae have been derived to assist    

us in setting a target IOP, incorporating patient factors such as age, race, 

corneal thickness, refractive error, amount of visual field loss and nerve 

damage. However, none of these have been shown to be practically     

applicable or demonstrated any accuracy or effectiveness in clinical   

studies. 

On the surface, target IOP seems like a good idea. We all know that     

glaucoma is a challenging disease; the condition is incurable, and            

associated with progressive and irreversible damage. Additionally,        

glaucoma is notorious for ‘breeding complacency’. In the busy, relentless 

practice of the modern-day practitioner, not only do we need to check 

the IOP, examine for optic disc changes, assess visual fields for                  

Associative analysis from the AGIS 

http://www.nzoptics.co.nz/magazine-viewer/month-7/year-2014


deterioration, there is also an ever-increasing number of devices emerging 

to assist us in monitoring for glaucoma progression – optical coherence    

tomography (OCT) of the retinal nerve fibre layer (RNFL), Heidelberg Retina 

Tomography (HRT) of the optic disc, and analysis of the ganglion cell    

complex are just a few technologies in the armamentarium of the glau-

coma specialist. Invariably, at least one piece of information amongst the 

above will contradict the rest, and it is easy to deem the tests ‘unreliable’ or 

‘inconclusive’ and continue the patient on the same regimen, with a plan 

to repeat the tests again in six months. The same scenario is just as likely to 

recur six months later. Since lowering intraocular pressure is the only proven 

treatment for reducing glaucoma progression, it makes sense to set a tar-

get IOP early in the patient’s disease, and alter the treatment when the 

measurement deviates from the target. Similarly, if the other parameters 

progress despite target IOP is met, then a lower target should be set, and 

treatment adjusted accordingly. 

There are IOP thresholds above which all clinicians would recommend 

treatment, even without disc cupping, visual field loss or nerve fibre layer 

thinning, such as a patient who presents with acute angle closure and an 

IOP of >50 mmHg...   

IOP is at most a risk factor, and at other times simply a surrogate measure of 

the disease. The limitation of monitoring a patient by a surrogate measure 

such as IOP is that it may or may not be consistent with the actual para-

meters of interest, such as the RNFL, optic nerve head, or visual function.     

If the RNFL, optic nerve head and visual function worsen despite an IOP 

within target, it may be that the target IOP was not set at an appropriate 

level, or it may be that there are other factors causing optic disc damage. 

The patient’s blood pressure can influence glaucoma progression, both     

in the form of uncontrolled systemic hypertension and nocturnal hypo-

tension due to over-treated hypertension. Lack of compliance is also      

well recognised amongst glaucoma patients and can account for disease 



progression despite seemingly adequate in-office IOPs. Additional, less   

well understood factors also exist, such as blood flow, genetic factors,    

and neuronal susceptibility, and these may not correlate with IOP but     

can account for worsening of disease. 

Furthermore, there are inherent flaws in IOP itself. We rely on one diurnal  

IOP measurement every six months to reflect the true IOP across the entire 

period when we know in reality that IOPs fluctuate significantly throughout 

24 hours and this fluctuation is further influenced by factors such as body 

position [and instrument reliability. We’ll open that nasty can of worms 

soon.] IOP can increase by more than 3-4 mmHg when lying down        

compared to sitting. We still do not have an adequate means of measuring 

24-hour IOP [the Triggerfish is not commercially available and finally] we do 

not understand which element of IOP – the peak IOP, mean IOP, fluctua-

tion in IOP – has the biggest influence on glaucoma progression.’ 
(You can subscribe to NZ Optics here – it’s always a good read.) 

 

She says that glaucoma diagnosis      

and care, as with all areas of medicine, 

involves the careful balance of the 

benefit versus the risks of treatment.  

New evidence suggests that there are 

diminishing returns in progressive IOP 

lowering i.e. there is more benefit in 

dropping the IOP from 22 mmHg to 20 mmHg than dropping from 12 mmHg 

to 10 mmHg.  

If there is less potential benefit from continued IOP management at lower 

numbers, the increasing risk of treatment starts to tip the balance away 

from treatment. Now, if we were to doggedly pursue an ever lower target 

IOP (as recommended by the Early Manifest Glaucoma Trial) or even aim 

for a specific percentage IOP reduction, we could end up treating by  



numbers rather than treating a patient and so inadvertently placing the    

patient at risk. (You may recall that we used the word ‘phronesis’ in the   

last issue to describe the experienced and ethical practitioner’s ability to 

decide when to  be flexible within the rules in the interest of the patient.) 

 

Dr Fan-Gaskin concludes:  

‘Whilst the practice of setting target IOPs may simplify a clinician’s life,         

it does not necessarily improve patient care. A target IOP may be a         

useful surrogate marker of treatment, but rather than adhering strictly to     

a particular number, a target IOP range may be more practically useful. 

The clinician should also be mindful that IOP lowering is not an end in itself, 

but a strategy to prevent the patient from glaucoma-induced disability, 

that all treatment should be a careful balance of benefit versus risks,      

and to look beyond the slit lamp and consider the whole patient.’ 
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Landmark Glaucoma Studies: What did they show?   

Ocular Hypertension Treatment Study (OHTS) 1997 

Studied 1636 patients age 40 to 80 with untreated IOP of 24 to 32 mmHg in 

both eyes and normal fields and optic discs. This was a real milestone study 

which asked whether we should treat elevated IOP (ocular hypertension) 

to prevent glaucoma. At 5 years, the group being treated had 20% lower 

IOP; and a glaucoma incidence of 60% lower than the group that was just 

From: South African Guide to Topical Ophthalmic Drugs, 2016 (Booysen D) 

https://www.aao.org/eyenet/article/landmark-glaucoma-studies-key-findings-treatment-l


observed. At 10 years, the incidence of glaucoma was most reduced in   

the high risk group (from 42% in the observed group to 19% in the treated 

group) but only reduced incidence from 7% to 4% in the low risk group.  

Bottom line: Patients who are going to get glaucoma must be treated 

early, for those who are not going to get it, treatment is largely a waste  

of time and money. And who gets glaucoma?  

Only 10% or 20% of those in the OHTS programme eventually developed 

glaucoma, meaning that 80% could be treated unnecessarily. Risk factors 

identified in OHTS include IOP, age, central corneal thickness, vertical     

cup-to-disc ratio, race and pattern standard deviation.    
 

Collaborative Initial Glaucoma Treatment Study (CIGTS) 1997 

Followed 607 patients, aged 25 to 75, with newly diagnosed open-angle 

glaucoma (OAG) and either VF loss or glaucomatous cupping to decide 

whether trabeculectomy or drugs for initial therapy is best.  

The study set an aggressive initial target IOP for each patient, and indeed, 

a drop of 35% in IOP with medication and 48% with trabeculectomy was 

achieved. In either the medical or surgical group, argon laser trabecu-

loplasty (ALT) was done if the targets could not be maintained. Patients 

with moderate or advanced disease at diagnosis did better with surgery 

than with medication as initial treatment. Black patients, diabetics and 

those who had already been on IOP-lowering drops fared worse with      

surgery. Patients with IOP fluctuations did worse in general but surgery is 

better at levelling spikes and troughs in IOP.  

Quality of life and the fear of blindness emerged in this study as topics for 

practitioners to address with patients.   
 

Early Manifest Glaucoma Trial (EMGT) 1992 

For 255 patients, aged 50 to 80, with early glaucoma diagnosed and a  

field loss in at least one eye, the question asked was whether to treat    

early or simply follow. The study found that although the rate of glaucoma 



progression is variable and difficult to predict, greater IOP reduction related 

to greater benefits. Every mmHg counts! Age, initial IOP, and degree of 

glaucoma damage were predictive of progression, as was pseudo exfolia-

tion syndrome. During the study, mean IOP rather than fluctuation in IOP 

was found significant. (The CIGTS had identified greater diurnal fluctuations 

as an additional risk.) 
 

Collaborative Normal-Tension Glaucoma Study (CNGT) 1992 

This study followed 260 patients with normotensive glaucoma (NTG) and 

significant VF loss to decide whether reducing IOP (by 30% in this case)   

was of any use. Progression was slower in the treated group. The tendency 

of filtering surgery candidates to develop cataracts was somewhat       

confounding. NTG remains difficult to diagnose.  
 

Advanced Glaucoma Intervention Study (AGIS) (Enrolment ended 1992) 

591 patients with advanced POAG were randomized to receive either     

argon laser trabeculoplasty (ALT) first, followed by trabeculectomy, re-

peated if necessary (so ATT) or trabeculectomy first, followed by ALT and 

trabeculectomy again, if needed (so TAT). Not only does the order matter, 

but the patient’s race matters. Looking at VF loss, white patients did slightly 

worse in the TAT group, but black patients did markedly worse. Although 

surgical techniques and anti-metabolites (e.g. mitomycin C (MMC), see  

below) may have improved outcomes, differences probably persist.  

We take it for granted now, but this was one of the first studies to confirm 

that a lower IOP reduces the risk of progression in VF loss. 
 

Tube versus Trabeculectomy (TvT) Study (Enrolment completed 2004) 

In a comparison between tube shunt surgery and/or trabeculectomy with 

mitomycin C (MMC), this study of 212 people found there was little differ-

ence. Both achieved IOPs in the low teens, as long as they work, and they 

fail at a rate of about 10% per year.  
 



Fails 

Sometimes our noblest efforts at 

protecting fail. Goldman tono-

metry may be the gold standard, 

but what if we are following IOP 

with  instruments that are incor-

rectly calibrated? It may come as 

a surprise that monthly calibration 

of your Goldmann applanation tonometer is recommended for instruments 

over a year old. Frequency of use does not significantly increase the risk of 

calibration errors creeping in. Tonometers over 10 years old are most prone 

to calibration errors.  

A study reported in the November 2016 Journal of Glaucoma assessing 76 

slitlamp-mounted tonometers in 3 ophthalmic centres found that 1 in 4 

tonometers 10-year-old tonometers developed significant calibration errors 

(2 mmHg or more) within a month.  

There are several DIY-videos on YouTube, or ask your instrument company’s 

representative to show you how to do it.  

Step 1: Search for that calibration rod... 

 

Conclusion 

The difficult part of managing glaucoma is compiling a risk profile and     

deciding whether the patient has glaucoma or not. Once you’ve made 

that decision, it’s generally a fairly straightforward matter of seeing how  

low you can get the IOP.  

So, as TS Eliot said, ‘We shall not cease from exploration, and the end         

of all our exploring will be to arrive where we started and know the place     

for the first time.’ 
 

Please remember to complete Dr Ally’s survey (click here)  

on optometrists’ knowledge of glaucoma.  

http://www.practiceupdate.com/c/46733/1/5/?elsca1=emc_enews_expert-insight&elsca2=email&elsca3=practiceupdate_eye&elsca4=eyecare&elsca5=newsletter&rid=OTEzNDEzMjA2NjUS1&lid=10332481
http://journals.lww.com/glaucomajournal/pages/articleviewer.aspx?year=2016&issue=11000&article=00008&type=abstract
https://www.youtube.com/watch?v=MPLWh32ItuY
https://www.brainyquote.com/quotes/quotes/t/tseliot109032.html
https://redcap.core.wits.ac.za/redcap/surveys/?s=WFXMY33RDP


 Questions 

1. Glaucoma Awareness Month is in  

a. January 

b. September 

c. December 

2. Choose the correct statement: 

a. The National Institute for Health and Clinical Excellence (NICE)     

glaucoma guidelines suggest that optometrists should refer patients 

when the intraocular pressure (IOP) is high.  

b. Glaucoma is pressure over 22mmHg in a patient older than 40 years.   

c. Glaucoma is a group of progressive optic neuropathies accompa-

nied by visual field changes.  

3. Which statement is NOT true regarding automated visual field (VF)        

assessment? 

a. Patients get bored, uncomfortable and tired because it takes a long 

time 

b. The test is even more accurate as the disease progresses and the VF 

defects increase 

c. It gives good information about the depth and extent of VF damage 

4. Which statement is NOT true regarding the cup-to-disc ratio? 

a. It was first described by Snellen in 1683 

b. My assessment of C:D ratio over time  is more consistent than com-

paring my C:D ratio with another practitioner’s measure 

c. The C:D ratio expresses the proportion of the disc that is occupied by 

the cup. 

5.  Monocular optic nervehead (ONH) pallor may be an early sign of glau-

coma or... 

a. Optic atrophy 

b. Buried disc drusen 

c. Optic neuritis 



6. Which statement is true? 

a. A large optic nerve contains up to 2 or 3 million axons 

b. The average C:D ratio is 0.35 to 0.55 

c. A large cup in a large disc is more likely to be pathologic than a large 

cup in a small disc 

7. The acronym to describe the normal physiological variation in the neural 

rim thickness is... 

a. ISNT 

b. SITA 

c. SWAP 

8. Common systemic associations of disc hemorrhage include 

a. Smoking 

b. HDL-level 

c. Anemia 

9. A healthy disc has its thickest rim... 

a. Inferiorly 

b. Superiorly  

c. Nasally 

10. Focal notching in glaucoma is most often  

a. Nasal, and step-shaped  

b. Infero- and superotemporal 

c. Temporal 

11. The following is a sign of glaucoma progression 

a. Balconetting 

b. Baronetting 

c. Bayonetting 

12. The following all describe a nerve fibre layer hemorrhage at the disc    

except... 

a. Splinter hemorrhage 

b. Laminar hemorrhage 

c. Drance hemorrhage  



13. Patients with ocular hypertension and disc hemorrhage are ______ to 

develop glaucoma in the future as patients with ocular hypertension only. 

a. Four times as likely 

b. Just as likely 

c. Twice as likely 

14. Which is true? Disc hemorrhages usually develop... 

a. Before rim notches 

b. Infero- and superotemporally 

c. Bilaterally 

15. Which is NOT a treatment for disc hemorrhages? 

a. Drop IOP even more as it indicates progression 

b. Nothing 

c. Anti-VEGF 

16. Anti-oxidant rich diets... 

a. Have not been shown to stay glaucoma damage in the short term  

b. Should include pomegranate, acai berries, cranberries, bilberry, red 

wine, dark chocolate and tea 

c. Are generally protective of age-related changes 

17. Peripapillary atrophy is most common at the _____ of the disc 

a. Temporal rim 

b. Inferior rim 

c. Supero-nasal rim 

18. In which population group is peripapillary atrophy NOT commonly seen 

a. Myopes 

b. Children 

c. Persons with normotensive glaucoma  

19. Which is NOT a feature of the prostaglandin analog drugs for glaucoma 

a. Dosing once daily 

b. Safest drug for patients with chronic inflammation 

c. Eyelashes tend to grow darker and thicker with use 



20. The optic retinal nerve fiber layer can NOT be seen with 

a. a green light on the slit lamp 

b. various retinal nerve fibre layer analysers 

c. an A-scan 

21. Mrs Mabuya has recently been diagnosed with glaucoma. She is gener-

ally atopic, with asthma, skin- and eye allergies and she says she may be 

allergic to sulfa-drugs. Which class of IOP-lowering drug should her provider 

consider first? 

a. Ace inhibitor 

b. Beta blocker 

c. Prostaglandin analog 

22. Mrs Jones, who has Sjögren’s syndrome, has recently been diagnosed 

with glaucoma. Which class of IOP-lowering drug may exacerbate 

(worsen) her symptoms? 

a. Ace inhibitor 

b. Alpha Agonist 

c. Beta blocker 

23. Which statement is NOT true: Studies comparing the efficacy of topical 

beta blockers, alpha adrenergic agonists and prostaglandins have found... 

a. Prostaglandins show the best results at 3 months, mostly due to better 

compliance with the once-a-day dosing 

b. All three classes dropped the IOP by about 4 to 5.6 mmHg 

c. No such comparative study has been reported 

24. Which method is NOT reported in the article as a possible reservoir for 

sustained release IOP-lowering drug? 

a. A contact lens 

b. A punctum plug 

c. A vitreal implant 

25. The trend in glaucoma surgery worldwide is that 

a. Trabeculectomy is increasing 

b. Shunt surgery is increasing 



c. Both trabeculectomy and shunt/ tube surgery rates are increasing 

26. The EPIC study found that 

a. Changes to IOP from inhaled steroids only manifest after 6 weeks of 

consistent use 

b. Systemic beta blockers can drop the IOP by 4.01 mmHg 

c. Neither a nor b was concluded in the EPIC study 

 27. OCT studies have found that 

a. A patient with elevated IOP and RNFL thickness of 62 microns is more 

likely to have simple ocular hypertension than glaucoma 

b. RNFL thickness is correlated with glaucoma risk 

c. Retinal blood vessel thickness is correlated with glaucoma risk 

28. What percentage of glaucoma patients are blind at the end of their 

life? 

a. 24% monocularly blind 

b. 10% bilaterally blind 

c. Both a and b are correct 

29. They psychological effects of a positive diagnosis of glaucoma have 

been documented since 

a. The Middle Ages 

b. The 1960s 

c. Early 21st century 

30. Depression in glaucoma patients is NOT related to  

a. Female sex 

b. Lower levels of education 

c. Visual acuity and VF loss at the time of diagnosis 

31.The Advanced Glaucoma Intervention Study (AGIS) found that glauco-

matous progressions could be halted by  

a. Keeping IOP below 18 mmHg at each check  

b. Setting target IOP at 38% lower than entering IOP 

c. Keeping mean IOP under 12.3 mmHg 



32. Which statement is TRUE about follow-up for glaucoma? 

a. Because IOP is the only parameter we can treat in glaucoma, IOP is a 

good indication of treatment success 

b. VA, OCT, IOP, RNFL assessment and C:D ratio should be collectively 

considered when deciding whether a chosen treatment is working or 

not 

c. Treatment is successful if peak IOP and mean IOP stay below the tar-

get pressure and diurnal IOP fluctuations are 4-5 mmHg.  

33. Target IOP should be set... 

a. Mindful of the patient’s unique psychological, systemic and ocular 

condition 

b. At 16 mmHg 

c. In every case 

34. The Ocular Hypertension Study (OHTS)...  

a. Proposed early treatment only for those with risk factors additional to 

IOP such as age, increased C:D ratio and thinner corneas 

b. Was beleaguered by a small sample size and high attrition rate 

c. Found that only 60% of patients with high IOPs get glaucoma within 5 

years 

35. In the Collaborative Initial Glaucoma Treatment Study (CIGTS)...  

a. a drop of 15% in IOP with medication and 18% with trabeculectomy 

was achieved 

b. surgery emerged as the better option provided the disease was iden-

tified early and surgery was performed promptly  

c. Black patients, diabetics and those who had already been on IOP-

lowering drops did better with medication rather than surgery 

36. Which of the following is NOT one of the typical late complications of 

trabeculectomy? 

a. Cataracts 

b. Normotensive glaucoma 



c. Scarring and subsequent filtration failure 

37. Which phrase completing the following sentence is NOT correct? Trabe-

culecomies fail... 

a. At a rate of 10% per year 

b. More often in black patients 

c. More often when anti-metabolites (e.g. mitomycin C (MMC)) are 

added  

38. The gold standard for IOP measurement is  

a. Goldman applanation tonometry 

b. Tonopen 

c. Triggerfish 

39. Which phrase concludes the following sentence correctly? Goldmann 

applanation tonometers... 

a. Of unknown age can be assumed to be accurate for about one 

month after calibration 

b. Are more likely to become inaccurate in settings with high patient 

volumes 

c. Must be professionally recalibrated 

40. Which statement is FALSE? 

a. In the Early Manifest Glaucoma Trial (EMGT), mean IOP correlated 

with glaucomatous damage more strongly than fluctuation in IOP.  

b. Quality of life related to glaucoma was identified in the Mental Impli-

cations of Glaucoma Study (MIGS)   

c. In the Collaborative Initial Glaucoma Treatment Study (CIGTS) the ex-

tent of diurnal IOP fluctuations correlated with glaucoma risk. 


