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~ USC University of 
'{!1/ Southern California 

Dear Colleague: 

Please join us for our FREE 3 HOUR Glaucoma CE by Drs. Sahar Bedrood, MD, PhD, Alena 
Reznik, MD and Grace Richter, MD, MPH on April 8, 2017. We invite you to participate in this 
specialty 3 hour continuing education (CE) lecture. We will have a Q & A after each Lecture. 
Lectures include: 

08:00am – 08:30am Registration and Continental Breakfast 
08:30am – 08:40am Welcom and Introduction by Dr. Alena Reznik 
08:40am – 09:40am OCT in Glaucoma by Dr. Grace Richter 
09:40am – 10:40am Biomechanical Glaucoma Damage By Dr. Sahar Bedrood 
10:40am – 10:55am Break 
10:55am – 11:55am Suprachoroidal Space by Dr. Alena Reznik 

USC Roski Eye Institute
1450 San Pablo St. 3rd Floor Conference Room 

Los Angeles, CA 90033 

Free registration is provided for your convenience. 

RSVP acceptance or regrets to Amy Atondo at amy.atondo@med.usc.edu Should you 
have any questions or require additional information, please call 323-442-6372. 

The Keck School of Medicine of the University of Southern California designates this lecture for a maximum 
of 3 CE credits. Registrar and Administrator for the Optometry Portion is California State Board of 
Optometry. 

Grace Richter, MD, MPH Sahar Bedrood, MD, PhD Alena Reznik, MD 

Department of Ophthalmology * USC Eye Institute 
Keck School of Medicine * University of Southern California 
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Sahar Bedrood, MD, PhD. 
Assistant Professor of Ophthalmology 
Glaucoma Division 
USC Roski Eye Institute 

Summary: 

There are many theories about the causes of glaucoma and the reason for the optic nerve damage 
in glaucomatous optic neuropathy. One of the causes of glaucoma includes the biomechanical 
theory of damage, in which the sclera and lamina cribrosa sustains a certain level of stress from 
intraocular pressure which then leads to retinal ganglion cell apoptosis and glaucoma. Studies are 
being done on how pressure along the lamina cribrosa affects its position and relationship to 
glaucomatous disease. Additionally, many analyses have been done in regards to how the 
structural changes along the optic nerve can affect its function. This talk will serve to review all 
of these concepts and discuss the structure-function relationship in glaucoma. 

Outline: 

Presentation 1: "Biomechanical Glaucoma Damage and the Structure-Function Relationship" 
Presentation 2: "Interesting and Challenging Glaucoma Cases" 
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Optic Nerve Damage in Glaucoma 

& 


The Structure-Function Perspective 


Sahar Bedrood, MD, PhD 

Assistant Professor of Ophthalmology 


Glaucoma Division 

USC Roski Eye Institute 


4



Disclosures 


• none 
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Glaucoma 


• 	Second cause of blindness worldwide 
• 	 IOP is a risk factor related to the presence and

degree of optic nerve damage 
• 	Tolerance of IOP varies greatly 
• 	There are multiple theories of the causes of

glaucoma, this lecture will discuss the
structure and behavior of the connective
tissue and the role it plays in the progression
of glaucomatous optic neuropathy 
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Theories of Optic Nerve Damage 

• Blood Flow theory 

• Neurodegenerative theory 

• Immune mediated damage 

• Connective tissue/mechanical theory 

7



Glaucoma damage 

• 	 Glaucomatous optic 
nerve damage results in 
deepening and widening "'"~--"­ @ _ 
of the optic nerve head 	 wrr~-...., 

. 'canal 
Loss of RGC's 

! 
Remodeling of connective 

tissue within ONH and 
surrounding peripapillary sclera 
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IOP, RGC's and the Optic nerve head 

• 	 lntraocular pressure induces 
circumferential stress in the 
sclera AND peripapillary 
(translaminar stress) region 

• 	 Increased stress pushes the 
connective tissue 
posteriorly and causes 
excavation or "cupping" 

• 	 Properties of the sclera 
related to age, disease or 
connective tissue disorders f!f//;-, 

C JIIU 2015'AMM 

can play a role in its 

pliability 
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RGC death 

RGC axon compression 

!
Withdrawal of neurotrophic support and neurotrophic factors 

!
Anterograde and retrograde axonal transport disrupted in RGC 
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RGC apoptosis 


• Studies have found that brain-derived neurotrophic factor 
{BDNF} and ciliary-derived neurotrophic factor are BLOCKED 
from reaching the RGC soma at the optic nerve head in acute 
and chronic IOP elevation 

• Viral vector-derived overexpression of BNDF or CNTF is 
neuroprotective in rat glaucoma 

Pease ME, McKinnon SJ, Quigley HA, Kerrigan-Baumrind LA, 
Zack DJ. 
2000. Invest Ophthalmol Vis Sci. 41:764-74. 
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Pathological changes to the optic nerve head 

Quigley H.A. 2015. Progress in Brain research Volume 220, 2015, 59-86 
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Pathological changes to optic nerve 

head 


• 	 Deformation of the connective tissue is greatest along the areas of the
optic nerve damage 

• 	 Deformative changes in 

Myopia 

Connective tissue disorder 

Stiff sclera due to aging, crosslinking and genetic predisposition 
• 	 Susceptibility of OAG patients to glaucoma is from weakness in the

baseline sclera or ONH state 

• 	 Fluctuations in the IOP further produce more stress and cause RGC 
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Changes to the Sciera in glaucoma 

• 	 The sclera consist of multiple layers of lamellae that consist of 

fibroblast that are arranged oblique or perpendicular to each other 
• 	 In experimental glaucoma eyes, the fibrils are arranged in a more 

antero-posterior orientation allowing for elongation of the sclera. This 
thinning does not happen in older human eyes with glaucoma due to 
crosslinking of the sclera 

• 	 Proteomic studies show up-regulation of proteins involved in scleral 
remodeling 

14



Remodeling of optic nerve head 


• 	 Glaucoma lamina showed 
remodeling of laminar beams 
with increased production of 
collagens 1, 3, 4 

• 	 These changes did not occur 
with optic atrophy from 
transection 

• 	 Rat model of glaucoma shows 
up-regulation of skeletal 
proteins 

A 

~ 

Normal 

B 

Thickened 

C 

Ruptured 

o J~G..,,G 
0°009'0O&,no.uc5~ 

,j \ -0 o\!c r­~ja .. aan--65-____i 
~\ _Q~ 

~~ 
o(f~o~aq&~OVo 
-~~­,,EJ 


ff/fl~ 
<I:> JHU 2015/AMM 
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Changes to the lamina cribrosa 


• 	 Pressure changes can Bruch's membrane opening 
change the antero­

posterior position of the 

lamina cribrosa 


• 	 The direction and degree 
of these changes can 
reflect the severity of 
disease 

• 	 Can these parameters be NFL 
Lamina cribrosadiagnostic of disease 


progression? 
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Connective tissue and cellular based 

therapy 

• How does the pliability of the sclera contribute to the death of RGC's? 
- Too pliable leads to loss of structure and support of cells? 

• Crosslinking would make the sclera more stiff 

- Too stiff leads to strain on RGC's? 

• 

• Digestion of collagen and matrix glycosaminoglycans 

Can cellular changes to astrocytes and fibroblasts change remodeling? 
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Structure-Function relationship 


• 	 Structural changes= neuroretinal rim loss, RNFL 
changes 

• 	 Functional changes= visual field changes 

• 	 "Structure before function" 

• 	 Often information from one domain us used to 
support the diagnostic findings seen in the other 
domain 

• 	 Each domain can vary in severity and its relationship 
to the severity of POAG 
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Mapping the Visual Field to the Optic Disc 

Figure 2. Example of a retinal nerve fiber layer photograph with the
Humphrey 24,2 visual field test pattern and optic nerve head reference
circle superimposed. 

Garway-Heath D et al 2000 Mapping the Visual Field to the Optic Disc
in Normal Tension Glaucoma Eyes Ophthalmology 2000;107: 1809­
1815 
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Models of Structure-Function 

Relationship 


• Hood-Kardon model 

• Harwerth et al model 

• Drasdo et al model 

• The Hockey Stick model 
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Garway--Heath et al · Mapping the Visual Field to the Optic Disc 

121 - 230'' 
I I .,; r 

271 · 310' 2 l · 270" 

B 
Figure 7. A division of the visual field (A) and optic nerve head (B) into sectors according to the results of this study. 
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Vulnerability of the ganglion cells in 

glaucoma 


Ro1latlvely prn survetd macular FlfJ;g~om
projects to lernpordl quad:r.ant 

\ 
1 
I

,I 

Morn vulnerable macular reuion
projects h) inforlor quadrant 
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Summary 

• 	 The mechanical properties of the lamina cribrosa and sclera 

play a pivotal role in glaucoma progression 

• 	 Variability of an individuals scleral properties can contribute 
to their tolerance of intraocular pressure 

• 	 Studies are currently being done on the movement and 
importance of the lamina cribrosa in glaucoma 

• 	 The structure-function model describes the relationship 
between RNFL changes and visual changes 

23



Thank You 


s 

J .na 
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Other Models of Structure-Function 

Relationship 


• Hood-Kardon model 
- Predicts RNFL thickness from dB visual field measurements
- Linear relationship between RNFL thickness and visual field sensitivity

• Harwerth et al model 
- Comparison of perimetric data and histological data found a liner

relationship between visual field sensitivity and ganglion cell number
• 	 Drasdo et al model 

Used a map of normal ganglion cell density within the central visual
field to develop a model of ganglion cell density to perimetric
sensitivity 

• 	 The Hockey Stick model 
the relationship between sensitivity and ganglion cell receptive field
density (measured from grating acuity) was linear with a slope of 1 at
greater eccentricities and with a slope of 0.16 in the macula 
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