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The Ellipsoid Zone (EZ) Has Been Suggested as a Potential Metric to 
Assess AMD and Connect Anatomical Structure to Functional Outcomes

AMD, age -related macular degeneration; GA, geographic atrophy; OCT, optical coherence tomography.
1. Lee KE, et al. Transl Vis Sci Technol. 2021;10(12):27. 2. Litts KM, e t al. Retina. 2018;38(3):445-461. 3. Tao LW, e t al. Clin Exp Ophthalmol. 2016;44(5):422-430.
4. Yord i S, e t al. J Pers Med. 2024;14(5):543.
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Many d e tails re g ard ing  the  EZ have  ye t to  b e  sufficie ntly e stab lishe d  or g ain conse nsus in the  fie ld

What is the  sp e cific 
anatomical location of 
the  EZ b and  ob se rve d  
on O CT imag e s? What 

d oe s it re p re se nt?1-3

What is the  o rig in o f 
the  b and ’s 

hyp e rre fle ctivity and  
how d oe s it allow us to  
asse ss re tinal health?3

How d oe s the  EZ re late  
to  p hotore ce p tors?

Can EZ-re late d  me trics 
b e  use d  to  asse ss 

p hotore ce p tor 
inte g rity?1,3

Can EZ-re late d  me trics 
b e  use d  to  asse ss all 

stag e s o f AMD, 
includ ing  GA? Are  the y 

ap p licab le  as clinical 
trial e nd p oints?4

The OCT Fx Delphi Study seeks to establish a global consensus 
on the role of the EZ in assessing AMD and its use as a clinical trial endpoint
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AI, artificial intelligence; nAMD, neovascular age-related macular degeneration; 
VEGF, vascular endothelial growth factor..

GA is ending with a black hole….

…only in the absence of adequate imaging!
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NIR

NIR

FAF

FAF, fundus autofluorescence; NIR, near-infrared; PR, photoreceptor; RPE, retinal pigment epithelium

FAF versus OCT-based AI analysis

RPE loss

OCT: AI-based
segmentation

OCT: AI-based
segmentation

FAF
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AI-POWERED OCT SEGMENTATION IN GA

US: Investigational use only.
EU: MDR approval for clinical routine.

EZ-Thickness EZ-layer thickness (µm) if layer is >20 µm 
measuring photoreceptors’ outer segments (EZ-IB to OB-IZ)
Partial EZ-Loss Area (mm 2) if EZ-layer thickness is <20 µm
EZ-Loss Area (m m 2) if EZ-layer is absent
RPE-Loss Area (m m 2) if RPE loss is complete

EZ loss RPE lossEZ partial lossEZ layer
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AI-POWERED OCT SEGMENTATION IN GA

US: Investigational use only.
EU: MDR approval for clinical routine.

EZ-Thickness EZ-layer thickness (µm) if layer is >20 µm 
measuring photoreceptors’ outer segments (EZ-IB to OB-IZ)
Partial EZ-Loss Area (mm2) if EZ-layer thickness is <20 µm
EZ-Loss Area (mm2) if EZ-layer is absent
RPE-Loss Area (mm2) if RPE loss is complete

EZ loss RPE lossEZ partial lossEZ layer

EZ (inner bound)

IZ (outer bound)



Precision level of EZ/RPE segmentation

Biomarker Dataset
# Patients / 
eyes /volumes

Enface DICE ± 
SE

ENFACE Mean 
HD95 ± SE

Mean Absolute Error 
± SE

RPE loss Validation 43 0.89 ± 0.07 0.32 ± 0.31 0.30 ± 0.30 mm²

RPE loss Pool 2.5 to 17.5 mm² 32 / 32 / 41 0.93 ± 0.05 0.25 ± 0.18 0.12 ± 0.09 mm²

EZ loss Validation 43 0.86 ± 0.09 0.33 ± 0.28 0.75 ± 1.11 mm²

EZ loss Pool 2.5 to 17.5 mm² 32 / 32 / 41 0.93 ± 0.03 0.39 ± 0.21 0.15 ± 0.09 mm²

EZ-Thickness
Development set
test fold 26 / 27 / 36 1.57 ± 1.16 mu

High correlation between human and AI measurements (r ≥ .995).

Absolute mean difference of RPE loss lesion size: 0.5 mm 2 

EZ thickness: mean absolute error 1.57 µm, i.e. less than one pixel (~3.9µm): Subpixel accuracy



Early conversion
features



Prediction of early conversion
• ONL and photoreceptor thinning precede conversion
• Focal changes are identifiable > 12 months before clinical event
 
18 months before conversion

En-face topographic 
distribution of INL/OPL 

subsidence

Example of INL/OPL subsidence EZ loss & 
hypertransmission

Drusen 
regression



Results

OPTIMA

Mean follow-up time: 32 months 

81% of eyes completed full 36 month observation period

OCT images from 546 
eyes of 426 patients

Excluded due to nAMD: 60 eyes of 57 patients 
(based on eCRF data provided)

76 eyes of 74 patients 
developed cRORA
[Age(years): 76.2±7.0, 64% female]

410 eyes of 321 patients did not 
progress to late AMD 
[Age(years): 74.2±8.1, 59% female]

Converters
to cRORA Non-converters

95 eyes of 89 patients had an 
EZL+HT focal event, but did 
NOT develop cRORA

iRORA
Secondary analysis



Survival analysis based on baseline morphology/imaging 

OPTIMA

High vs Low EZ Loss AreaHigh vs Low EZ Thickness (High vs Low ONL Thickness)

High vs Low Drusen volume High vs Low RPD area High vs Low HRF volume



Role of baseline morphology to first event 
(multivariate Cox hazard model)

OPTIMA

Increased riskDecreased risk

1.02 [1.00-1.03], p=0.050

1.18 [1.08-1.29], p<0.001

1.18 [1.07-1.30], p=0.001

1.04 [1.00-1.09], p=0.039

1.17 [1.06-1.30], p=0.003



Role of morphology beyond the time of a focal event
                         Imaging biomarkers are phase-sensitive 

OPTIMA

Increased riskDecreased risk

1.05 [1.00-1.11], p=0.048

1.10 [1.02-1.18], p=0.017

1.10 [1.05-1.17], p=0.001

*FE= EZL+HT

Global drusen volume is no longer a predictor

Age is no longer a predictor

Area of EZ loss remains a predictor



0 Month 6 Month 12 Month 18 Month

24 Month 30 Month 36 Month 42 Month

EZ loss consistently preceeds RPE loss



Monitoring 
structural progression



RPE and EZ loss quantification by a mouse click 






Baseline Month 2 Month 12

GA monitoring: Visualization and quantification



EZ lossRPE loss

Disease activity in GA depends on EZ/RPE ratio
Ratio allows to differentiate fast vs slow progressors



Quartile 1: < 1.3085 mm2

Quartile 2: >= 1.3085 & < 2.8153
Quartile 3: >= 2.8153 & < 5.9693
Quartile 4: >= 5.9693

FOV, field of vision; PR, photoreceptor; RPE, retinal pigmented epithelium; SE, standard error.
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Disease activity is predicted by EZ/RPE ratio
GA lesion progression by quartiles in sham arms



Fellow eye

Complement-inhibition reduces the speed of progression

Study eye

EZ lossRPE loss

Follow-up over 2 years in the same patient



F O V ,  f i e l d  o f  v i s i o n ;  P E O M ,  p e g c e t a c o p l a n  e v e r y  o t h e r  m o n t h ;  PM, pegcetacoplan monthly; PR, photoreceptor; RPM, retinal pigment epithelium; SE, standard error.
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BL 1 2 3 4 5 6 7 8 9 10 11 12 18 20 22 241614

Visit (month)

BL 1 2 3 4 5 6 7 8 9 10 11 12 18 20 22 241614

Visit (month)

BL 1 2 3 4 5 6 7 8 9 10 11 12 18 20 22 241614

Visit (month)

BL 1 2 3 4 5 6 7 8 9 10 11 12 18 20 22 241614

Visit (month)

PM (n=69)
PEOM (n=73)
Sham Pooled (n=80)

PM (n=69)
PEOM (n=81)
Sham Pooled (n=72)

PM (n=84)
PEOM (n=74)
Sham Pooled (n=65)

PM (n=67)
PEOM (n=66)
Sham Pooled (n=89)

Month 12
PM: –27.3% (p<0.005)
PEOM: –8.0% (ns)
Month 24
PM: –14.8% (ns)
PEOM: –15.9% (ns)

Month 12
PM: –47.7(p<0.0001)
PEOM: –37.2% (p<0.0005)
Month 24
PM: –33.3% (p<0.0001)
PEOM: –33.8 % (p<0.0001)

Month 12
PM: –74.7% (p<0.0001)
PEOM: –67.3% (p<0.0001)
Month 24
PM: –46.6% (p<0.0001)
PEOM: –52.0% 
(p<0.0001)

Month 12
PM: –125.6% (p<0.0001)
PEOM: –85.5% (p<0.0001)
Month 24
PM: –77.8% (p<0.0001)
PEOM: –64.9% 
(p<0.0001)

Therapeutic efficacy is predicted by EZ/RPE ratio
PR response by EZ-RPE quartile

Q1 Q2

Q4Q3
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EZ thickness at previous timepoint
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Transition probability based on EZ thinning

Decreased EZ thickness leads to higher transition probability to EZ loss and RPE loss
As EZ thickness decreases, the likelihood of disease progression increases, and an MP point is 

more likely to transition to EZ loss or RPE loss rather than remaining in intact retina



Morphological transition probabilities for each individual MP point
(Markov model)

For MP points starting from intact retina the probability is as low as 1.1%. 
From EZ loss, the probability of transition to RPE loss within the next 6 months is 23%. 



Progressive  
functional loss
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Retinal sensitivity (RS) 
on MP grid MAIA

Quantification of EZ 
thickness, EZ, RPE loss

x

xx
x x x x x

x x x
x x x x

x
x x

Co-registration between 
OCT and MP grid

x xx

Intact retina
EZ thickness EZ loss RPE loss

x

x

Pointwise co-registration between MP and OCT 

x xx

xx x x

x
x x x xx x xx
x x x xx x xx
x x x xx x xx

x x x xx x xx

x x x xx

68 MP points grid
*accounted for retinal eccentricity 



EZ loss
Intact 
retina RPE loss

2.06 dB
 (5.6)

9.14 dB 
(7.2)

16.9 dB 
(6.7)
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Baseline structure/function correlation (678 eyes)

25731
61%

4271
10%

11941
 28% 

0

5000

10000

15000

20000

25000

Intact Retina EZ loss RPE loss

Number of MP stimuli n = 41925  

Intact Retina EZ loss RPE loss EZ-thickness
23 µm 



Monitoring retinal function based on EZ morphology

Progressive loss of retinal sensitivity in 
EZ loss areas over 24 months

( point - to - point correlation in OAKS with
39861 MP points from 406 patients)

Speed of progression varies according to
EZ/RPE loss ratio with ( blue ) RPE loss wiping

out ( green ) EZ loss converting relative 
scotoma into absolute scotoma
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Thickness/loss in µm vs. RS in dB
 (678 eyes 41925 MP points)

Category Estimate Upper limit Lower limit p value

Intercept* for intact 
retina

15.0 dB 15.6 dB 14.5 dB <0.0001

EZ thickness 0.2 dB/µm 0.2 dB 0.2 dB <0.0001

EZ loss presence
Reference: no loss

- 8.2 dB -7.7 dB -8.7 dB <0.0001

RPE loss presence
Reference: no loss

- 14.4 dB -14.9 dB -14.9 dB <0.0001

Eccentricity 0.3 dB/mm 0.2 dB 0.4 dB <0.0001

EZ loss*Eccentricity 1.7 dB 1.4 dB 1.9 dB <0.0001

RPE loss*Eccentricity 1.5 dB 1.3 dB 1.7 dB <0.0001

*The intercept, estimated at 15 dB signifies the models prediction of retinal 
sensitivity (RS) in areas with no loss and mean EZ-thickness 23 µm 



Automated targeted Microperimetry

Standardized

Fast 

User-
independent

Reproducible



Prospective Study in GA (RW)
in 64 eyes from 44 RW GA patients

• Across all locations, mean RS declined 
from 14.6 at baseline to 12.6 dB at 
month 6

• At 3m, junctional RPEL showed a fast 
decline (-3.6 dB), consistent with 
residual sensitivity (ONL)

• Foveal points showed a rapid decline  
(-2.2 dB), reflecting encroaching 
parafoveal atrophy

• In contrast, EZL (–1.2 dB) exhibited a 
continuous gradual loss to 6m and 
further on (all p<0.0001)



Optimizing
functional assessment

based on imaging
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Microperimetry Patterns 

• 68 equidistant points
• As s e s s e s o ve ra ll macular function

• Pro b le m s :
• Mis s e s lesion - specific areas
• Ma n y p o in ts  a lre a d y 

with in absolute scotoma a t 
b a s e lin e

• Long testing time
• High variability

Standard ( sG) Grid



Microperimetry Patterns

• Circumferential perimetry (onion 
ring)

• 60 points around the entire GA 
lesion 

• More disease -
relevant and lesion - specific

• Problems:
• No distinction between level of 

disease activity 
• More lower - yield points and 

more patient burden

1Pfau et al., “Fundus - Controlled Perimetry (Microperimetry): Application as Outcome Measure in Clinical Trials.”

Circumferential Grid



Microperimetry Patterns

• Fully automated and 
standardized

• By AI- based segmentation of RPE 
loss and EZ loss

• 40 test points per eye
• Most points in areas of EZ 

loss/disease activity
• Optimized for morphological 

conversion from EZ to RPE loss
• Reduced patient burden

US: Investigational use only.
EU: MDR approval for clinical routine.

EZ- targeted ( tG) Grid



Point distributions per pattern over time (BL - 12m- 24m) 

Targeted grid
40 points

Circumferential
grid : 60 points

Standard grid
68 points

Targeting
morphological 
conversion

Development: 130 
eyes
Test: 110 eyes
Endpoint: Conversion 
by month 24
Statistics: GLMM, OR
s, Holm-adjusted p-
values



Results: Predicting morphological conversion

• Morphological conversion 
rates differed across grids 
at 24 months (p < 0.0001 )

• Highest detection reached 
with tG > cG > sG

• EZ/Outside Loss towards RPE 
conversion: 34.2% tG, 27.5% 
jG, 16.8% sG

• General conversion (any 
transition from intact retina 
towards EZ or RPE loss): 48.0% 
tG, 44.2% cG, 27.3% sG

EZ- guided targeted testing showed 
the strongest signal



Methods: Prediction of Retinal Sensitivity 

• Using a machine learning model trained on paired OCT cans and (MP) retinal 
sensitivity (RS) data (from DERBY and OAKS trials)

• Model predicts dense RS maps from structural OCT imaging: “functional OCT”

• Calculated mean predicted RS at sG, cG, and tG locations 

• and efficiency per test point

RPE loss / EZ loss Morphology Retinal Sensitivity+ ⇒



Results: Grid Comparison using the Predicted RS Values

• Raw change (all 
points): sG - 2.49 , cG -
3.24 , tG - 3.41

• Raw change (outside 
loss + EZ loss): sG -
2.75, jG - 3.37, tG - 3.78

• Efficiency favored tG

tG detects more loss in RS with less test points



Results: Top 5 Scoring tG Points vs sG and cG

• Compared top 5 tG 
points vs all sG a n d all 
cG p o in ts

• Raw change: sG -
2.49 , cG - 3.24 , tG - 3.84 
dB

• tG vs cG: - 0.598 dB
• tG vs sG: - 1.341 dB
• Efficiency: sG -

0.0367 , cG - 0.0540 , tG 
- 0.767 dB/point

Efficiency favored tG ( in  id e a lly o n ly 5  
p o in ts s e le c te d fro m a  fu ll b a s e lin e MP 
a s s e s s m e n t o r fro m a  „fu n c tio n a l OCT“



Conclusions

• OCT is superior to FAF imaging due to EZ segmentation

• Precision tools for AI-based segmentation are available

• EZ thinning/loss, (RPD) and HRF volumes are predictive

• EZ loss preceeds and predicts lesion progression

• EZ/RPE loss ratio indicates activity in GA lesions

• We designed a framework to simulate different MP grids on large data sets

• Targeted grid (tG) is superior in respect to morphological conversion

• The framework also identifes the most valuable subset of points

• Promising for regulatory approval
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Science from humans for humans

….
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