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Ten Steps to Better Glaucoma Care

1. Master the Art of Tonometry



Master The Art of Tonometry

– Irregular Astigmatism

– S/P LASIK

– Blepharospasm

– Morbid Obesity

– Bedside exam

– Young children



Master The Art of Tonometry

– iCare, Perkins, Tono-Pen, others

– Special populations

• Obese, arthritic, anxious, pediatric, post-LASIK



PMID:  18791544

Master The Art of Tonometry

THIN CORNEAS
GAT underestimates DCT 

by 4-5 mmHg 

THICK CORNEAS
GAT within 1-2 mmHg 

of DCT

The problem is not that GAT reads high on patients with thick corneas 

but that it reads very low on patients with thin corneas



Master The Art of Tonometry

– Concave probe tip 

less influenced by 

cornea 

biomechanics 

– Measurements are 

closer to true IOP 

than conventional 

prisms



Master The Art of Tonometry

TRUE IOP

CONCAVE PROBE

Concave probe:  

underestimated true 

IOP by 3 mmHg at 

all CCT levels

Conventional probe: 

Underestimation 

was strongly 

influenced by CCT

PMID: 29301514



PMID: 9565063

Master The Art of Tonometry

– OHTS: CCT  <555µm is a risk 

factor for POAG

– Detect depressed Goldmann 

readings in patients with thin 

corneas

– Do not attribute elevated IOP 

readings to thick corneas



Master The Art of Tonometry

1. Concave probe

• Most accurate 

2. Change from baseline

• Difference between 

pre-op and post-op IOP

3. Peripheral cornea

• Tonopen or iCare 

tonometry outside flap



Ten Steps to Better Glaucoma Care

1. Master the Art of Tonometry

2. Gonioscopy is Fundamental



Gonioscopy is Fundamental

Van Herick is a mixed blessing

• 99.9% of eyes that appear open 

are not occludable on gonio

– Essentially no false negatives

• About 80% of eyes that appear 

occludable are not with 

gonioscopy (the Gold Standard)

– Lots of false positives



Gonioscopy is Fundamental

1. Evaluate VH Grade 2 

or less angles 

2. Identify cause of 

elevated or asymmetric 

IOP

– Angle closure, PAS, NVA, 

angle recession



Gonioscopy is Fundamental

– Relatively easy to learn

– Blink control

– Coupling solution

– Excellent optics

– Relatively hard to learn

– Unstable view

– Indentation gonioscopy



Gonioscopy is Fundamental

– Use an elbow rest

– Examine the inferior angle first

– Keep the light out of the pupil

– Look over the hill 

– Perform indentation gonio

Look Over The Hill

(Lens tilt)



Gonioscopy 

is Fundamental

• Synechial vs appositional 

closure

• Pupil block vs

plateau iris vs

phacomorphic

Angle Closure

Appositional 

Closure

Synechial

Closure



Indentation Gonioscopy

gonioscopy.org



Gonioscopy is Fundamental

– Judging angle closure risk

• No “gold standard” criteria

• Grade 2 or less in ≥2 quads

– Corroborating evidence

• Suggestive symptoms

• PAS

• VF and ONH damage

• Elevated IOP
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1. Master the Art of Tonometry

2. Gonioscopy is Fundamental

3. Examine the Rim, Not the Cup



Examine the rim, not the cup

• ISNT rule

– Decreasing order of rim 

thickness

• Pallor

– Rim pallor not associated 

with glaucoma

• Disc Size

– Large cups are normal in 

large optic discs



Examine the rim, not the cup

1. Retinal nerve fiber layer 

thickness

2. Optic nerve head 

topography

3. Ganglion cell layer 

thickness



Retinal nerve 

fiber layer 

Is the superior (less common) or 

inferior (more common) hump 

depressed?

Is there RE/LE symmetry?

Is there evidence of rim loss 

corresponding to the RNFL loss?

Does the deviation map show 

evidence of a NFL defect?



Optic Nerve Head Morphology

Always gray b/c it’s 

not compared to 

normals!

<1.75 mm2 = sm

1.75-2.75mm2 = med

>2.75 mm2 = lg

ONH morphology

Rim Area <1.0 mm2 is ALWAYS suspicious

NOTE: Asymmetric disc size may account 

for asymmetry in CDR and RNFL



Ganglion cells inferior and temporal to the fovea are 

preferentially damaged in glaucoma

PMID: 28012881

Ganglion Cell Layer Thickness



Ganglion Cell 

Layer Thickness

Look for temporal 

step defect in 

thickness map 

and sectors

Beware of eyes with 

binasal ganglion cell 

thinning!





Examine the rim, not the cup

1. Disease severity

2. Optic disc size

3. Signal strength / Errors

4. Artifacts / Ocular 

anomalies

5. Axial length

6. Blood vessel 

position

7. Age

8. Race



GLOBAL RNFL THICKNESS (μM)
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1. Master the Art of Tonometry

2. Gonioscopy is Fundamental

3. Examine the Rim, Not the Cup

4. Is this Really Glaucoma?



ONH X X X X

VF X X X X

IOP X X X X
POAG OHT NTG

Neurologic

Diurnal IOP

Artifact?

Neurologic

Retinal

Anomalous 

ONH?

Unreliable VF?

Pre-perimetric

Early 

POAG?

Small 

ONH

Unreliable 

VF?

Pre-

perimetric

• ONH: Disc appearance and/or OCT findings 

suggestive of glaucoma

• VF: Defects on SAP consistent with glaucoma

• IOP: IOP >21mmHg on >1 occasion

Is this really glaucoma?



Case Report

• 44yo WM presents for 
routine eye exam

• LLE: 7-8yrs ago

• PMH: migraines, smoker, 
no meds

• FOH: No glaucoma

• Refraction: 
-4.00-0.75x060 20/25
-4.75 20/20

• PERRL, (-)APD

• BP: 130/84

• GAT: 20/20 3pm

• C/D: 0.6 OD, 0.5 OS

• IMP: Borderline IOP 

w/ asym cupping

• Plan: Schedule VF



Case Report

Slight asymmetry of optic cupping 



LEFT EYE



RIGHT EYE

GAT: 18/15 (6:30pm)



RIGHT EYE

GAT: 19/19 (5pm)

Confirmation of inferior

nasal defect OD

Confirmation of inferior

nasal defect OD



What is it?

ONH X X X X

VF X X X X

IOP X X X X
POAG OHT NTG

Neurologic

Diurnal IOP

Artifact?

Neurologic

Retinal

Anomalous 

ONH?

Unreliable VF?

Pre-perimetric

Early 

POAG?

Unreliable 

VF?

Pre-

perimetric



What is it?

ONH X X X X

VF X X X X

IOP X X X X
POAG OHT NTG

Neurologic

Diurnal IOP

Artifact?

Neurologic

Retinal

Anomalous 

ONH?

Unreliable VF?

Pre-perimetric

Early 

POAG?

Unreliable 

VF?

Pre-

perimetric

• ONH: Asymmetric cupping. Not frankly glaucomatous (obeys 

ISNT rule). No pallor

• VF: Reproducible VF defect, suggestive of inferior nasal step

• IOP: Consistently below 21 mmHg



Case Report Continued

• Lost to follow-up for 
2 years

• Returns with c/o blurry 
vision

• Vcc
-4.00-0.75x060 20/40
-4.75 20/40

• Refraction
-5.25-1.00x075 20/30
-5.25-0.50x105 20/20

• GAT: 18/18 (3:30pm)

• PERRL, Trace APD OD

• C/D: 0.6/0.5

• IMP: Optic neuropathy OD

• Plan: Repeat VF, get CT 
scan



1994

1996



CT Scan

Pituitary adenoma



Chiasmal 

compression 

produces binasal 

ganglion cell loss

GCC thinning can be 

detected in patients 

with little or no VF 

loss

PMID: 30097827

Thinning 

greatest 

nasally!



Bitemporal hemianopia accounts for ≈40% of VF 

defects caused by chiasmal compression

44%44%

33%33%

13%13%

10%10%

44%

33%

13%

10%

PMID: 26496573, 23563861
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5. Establishing the Baseline



PMID:  16157799

Establishing the baseline

– Target pressure

– Detecting progression

– Gonioscopy

– DFE, Photos & OCT

– At least two untreated 
IOP readings

• Various times of day

– Five reliable VF exams

– New onset glaucoma 

– Glaucoma patients 
new to your practice

– Loss of IOP control

– Following period of 
prolonged stability

– After surgery or other 
significant medical 
events



Establishing the baseline

– OHTS: Chance of reverting back to normal 

• After 2 consecutive abnormal VF: 66%

• After 3 consecutive abnormal VF: 12%

– Five exams in first 2 yrs for VF baseline

PMID:  16157799



PMID:  15811734

Re-establishing baseline IOP

• PHACO / IOL

– Long-term IOP lowering 

– Max effect at 3 mos

– Average 2.5 mmHg 
decrease

– Glaucoma pts may require 
fewer meds 

– IOP elevation following 
capsulotomy
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Setting a target pressure

Preservation of vision 

and 

Quality of life 

– Disease severity

– Baseline IOP

– Risk factors

– Life expectancy

– Status of  fellow eye



Setting a target pressure

Mean IOP 12, 0% of visits >18mmHg

Mean IOP 15, 25% of visits >18mmHg

Mean IOP 17, 50% of visits >18mmHg

Mean IOP 20, 100% of visits >18mmHg

Advanced Glaucoma Intervention Study 

(AGIS)

NO 

PROGRESSION!

If IOP <18mmHg

at all visits

But… How hard do you need to 

fight to achieve this level of 

control? 

And… Is it always worth it?



“Preventing the development of asymptomatic 

changes, or asymptomatic damage, is not the 

appropriate objective of care… There is no benefit 

of treatment in a patient who will not develop 

symptoms if not treated.”



PMID: 22336244

Disability

No Disability
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Glaucoma 

Graph: 

Balancing 

Life and IOP



Safe Zone: Older person with 

mild disease

Unsafe Zone: Younger person 

with advanced disease 

Initial target pressure can be based 

upon where they sit on the 

Glaucoma Graph, then refined 

once rate of progression is known
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Persistence rates for glaucoma 
medications among patients 
with glaucoma

Adherence rates for glaucoma 
medications among patients 
with glaucoma

PMID: 16226511



Maximize patient compliance

Steps to improve compliance

– Effective communication

– Educate patients about their disease 
(The goal of treatment is to prevent 
blindness, not to improve vision)

– Inquire about compliance at every visit 
("How frequently do you forget?")

– Simplify dosing

– Address side effects

– Give instructions in writing

– Family support 



Maximize patient compliance

Alternatives to topical therapy for mild to 

moderate open-angle glaucoma

– Selective laser 

trabeculoplasty (SLT)

– Minimally Invasive 

Glaucoma Surgery 

(MIGS) 
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Confirming Progression

• Reliably detecting progression is more challenging 

than detecting presence of disease

• The best tool for detecting progression is adequate 

baseline data

– Structural change: OCT and/or disc photos

– Functional change: Multiple visual fields (Recommend five)

– IOP change: Untreated baseline IOP



• Quantitative OCT-based 

analysis

• Three structural domains

– RNFL

– ONH morphology

– Macular ganglion cells

• Change less than test-

retest repeatability may be 

noise (~5μm)

• Events (such as PVD) may 

masquerade as progression



• Quantitative analysis of VF

• Two functional domains

– Event-based: Change of 

specific test points 

– Trend-based: Global decline in 

hill of vision

• Learning effect: Apparent 

progression may resolve with 

repeat examination

• Never change therapy 

because of a single bad 

visual field
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Self-Care of Glaucoma

– Medical non-compliance

– Chronic Valsalva
• Weightlifting

• Playing brass musical instruments

– Inverted body positions 
• Yoga positions

• Inversion therapy

– Deep eye rubbing

– Corticosteroid use 
• If genetically susceptible 

– Heavy caffeine consumption
• If genetically susceptible



Self-Care of Glaucoma

– Full medical compliance

– Regular exercise (Lowers IOP, anti-inflammatory, antioxidant)

– Yoga (lowers IOP)

– Control comorbid disease

• CVD, sleep apnea

– Diet and supplements

• Ginko, Palmitoylethanolamide 

– Self-tonometry (iCare)

– Self-perimetry (VR)

– Medical marijuana



Source: Arch Ophthalmol 1998;116:1433-1437

Though ginkgo biloba… may prevent or slow down retinal 
ganglion cell death, there is no evidence yet to suggest 
that [it can] alter the course of glaucoma.

Though ginkgo biloba… may prevent or slow down retinal 
ganglion cell death, there is no evidence yet to suggest 
that [it can] alter the course of glaucoma.



Source: Arch Ophthalmol 1998;116:1433-1437

PEA showed significant efficacy in reducing IOP in 
patients, this encourages its clinical use in glaucoma.
PEA showed significant efficacy in reducing IOP in 
patients, this encourages its clinical use in glaucoma.





… there is no scientific basis for use of these 

agents in the treatment of glaucoma.

PMID: 20160576
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The Future of Glaucoma Care

• Advances in laser therapy

• Sustained drug delivery 

devices

• New perimetry modalities

• Continuous IOP monitoring

• New MIGS procedures

• New pharmaceuticals

• Advances in imaging technology







Source: J Glaucoma 2010;19:75-76

Recent advancements in microfluidics, nanotechnology and 

electronics have led to the development of novel implantable 

and wearable biosensors for the expedient monitoring of 

diseases such as glaucoma.

Recent advancements in microfluidics, nanotechnology and 

electronics have led to the development of novel implantable 

and wearable biosensors for the expedient monitoring of 

diseases such as glaucoma.

PMID: 37367028



• Numerous continuous IOP 

monitoring technologies are 

currently under investigation 

• Many involve implanting a 

device into the AC

DOI: 10.1002/nano.202100137
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