
www.nature.com/eye

COMMENT OPEN

Prediction of activity in eyes with macular neovascularization 
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Optical coherence tomography (OCT) technology has been 
particularly transformative for the clinical management of age- 
related macular degeneration (AMD) as it provides unprecedented 
depth resolution and 3-D visualization of the retina, allowing for the 
detection of fluid at different levels within the retina.

Identification of intraretinal fluid (IRF), subretinal fluid (SRF), 
and sub-retinal pigment epithelium (sub-RPE) fluid is commonly 
used to determine the presence of disease activity, which is used 
to guide the frequency of anti-angiogenic therapy. Structural OCT 
can also capture the location of the macular neovascularization 
(MNV) which can be sub-RPE (Type 1 MNV), subretinal (Type 2), 
intraretinal (Type 3), or mixed Type 1/2 [1]. However, the detailed 
morphology of the neovascular network cannot be resolved on 
structural OCT. With the advent of OCT-Angiography (OCTA), 
microvascular morphologic details of the MNV lesion and the 
surrounding choriocapillaris can be captured. A number of small 
studies have evaluated the OCTA features of MNV lesions at 
various stages in their evolution and in response to therapy [2–4].

Other researchers have gone on to speculate regarding which 
OCTA features could potentially be used to guide retreatment 
decisions for neovascular AMD [1–7]. While one might question 
the clinical value of identifying markers of activity on OCTA given 
that activity can be assessed on the concomitant structural OCT 
available with every OCTA acquisition, identification of OCTA 
features of MNV activity may provide new insights into the 
pathophysiology and maturation of these lesions. In addition, 
OCTA features of MNV activity could potentially provide 
predictive biomarkers of long-term visual and anatomical out
comes and could predict future activity in eyes with nonexudative 
MNV without fluid on structural OCT.

Machine learning approaches have been used to perform 
classification of retinal diseases on various retinal imaging 
modalities, including OCT [8].

We have evaluated several machine learning algorithms for 
detecting neovascular disease activity on en face OCTA images 
only by training the model using activity as determined by the 
presence of exudation on structural OCT volumes. Our objective 
was to assess whether we could use en face OCTA images alone 
to detect disease activity in MNV eyes.

In this retrospective analysis we included 637 en face OCTA 
scans from 97 patients, who were diagnosed with neovascular 
AMD (MNV type 1 or 2) and imaged using a 6 × 6 mm pattern 
centered on the fovea using the RTvue-XR Avanti SD-OCTA 
(Optovue, Inc, Fremont, CA) device at the Stein Eye Institute UCLA 
and Retina-Vitreous Associates Medical Group, both in Los 
Angeles, CA, United States.

The visualization of the MNV lesions on en face OCTA was 
obtained using a customized 10-micron thick slab (Fig. 1), for 
which the segmentation boundaries were manually adjusted to 
display the maximum extent of the MNV lesion [2, 9].

Multiple machine learning models were trained to classify the 
presence of MNV activity by OCTA imaging, using the presence of 
fluid on the structural OCT as the ground truth evidence for 
activity.

The algorithms that were tested included: 1) a pretrained 
Resnet18 deep learning architecture (referred to as ResnetPre), 
which was previously shown to achieve good results with the 
interpretation of retinal medical images [10], even in the setting of 
a small sample size; 2) a randomly initialized Resnet18 trained from 
scratch (referred to as Resnet-Scratch); 3) a logistic regression 
combined with dimensionality reduction in the form of principal 
component analysis [11–13] (referred to as LR + PCA); and 4) a 
simpler deep learning architecture which contains two CNN layers 
and three fully connected layers (referred to as SimpleCNN).

The performance of the various models was evaluated by using 
cross-validation and the ROC and its area under the curve. A 
power analysis was used to assess the effect of sample size on 
models’ performance by sampling an increasing number of 
patients from the data and repeating the analysis.

From the results of the tested models (Fig. 2) it was apparent 
that none of the models was able to produce performance that 
was significantly better than a random decision with the top 
performing model, the SimpleCNN, achieving an AUROC of 0.54 
[0.39, 0.69]; a random algorithm is expected to result in an AUROC 
of 0.5. This would suggest that the information that is 
incorporated in the en face OCTA images may not be sufficient 
to detect the activity of MNV with high accuracy, at least with this 
study sample size.
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The power analysis that was used also suggests that an 
increase in sample size is unlikely to lead to substantial 
improvement in performance as no positive trend is apparent 
in any of the models as samples increase.

A number of investigators have qualitatively inspected OCTA 
images from eyes with and without disease activity in an attempt 
to identify OCTA features predictive of such activity [3, 7, 14–17].

While all these studies demonstrated a correlation between 
specific OCTA features and active MNV, they were small retro
spective series, and the findings have proven difficult to replicate, 
and more significantly when presented to a large group of experts, 
the relevant features could not be identified reliably [18].

Limitations of our study include its retrospective nature which 
may have resulted in ascertainment bias in the collection of cases. 
Furthermore, we focused only on the en face OCTA image 
because this was the OCTA data used by previous clinical studies 
for identifying potential predictive features. However, it is 

possible that volumetric OCTA data could contain additional 
predictive information not evident in the en face images.

The size of our training set may have impaired the performance 
of the algorithm [19].

However, we would contend that the algorithms we used 
provided results that are substantially better than random in 
other problems with similar sample size [10]. Moreover, we have 
used power analysis to show that even as sample size increases, 
these algorithms demonstrate no improvement in performance, 
and thus, even if the sample size was substantially larger we 
would not expect a considerable improvement in performance.

In conclusion, our analysis would suggest that the assessment 
of en face OCTA images alone cannot provide a reliable 
determination of activity of an MNV lesion at a particular point 
in time. Further studies using swept source OCTA and denser scan 
patterns are necessary to assess whether the OCTA can provide 
other information of prognostic value in neovascular AMD.

REFERENCES
1. Spaide RF, Jaffe GJ, Sarraf D, Freund KB, Sadda SR, Staurenghi G, et al. Consensus 

nomenclature for reporting neovascular age-related macular degeneration data: 
consensus on Neovascular Age-Related Macular Degeneration Nomenclature 
Study Group. Ophthalmology. 2020;127:616–36.

2. Kuehlewein L, Bansal M, Lenis TL, Iafe NA, Sadda SR, Bonini Filho MA, et al. 
Optical coherence tomography angiography of type 1 neovascularization in age- 
related macular degeneration. Am J Ophthalmol. 2015;160:739–48.e2.

3. Coscas GJ, Lupidi M, Coscas F, Cagini C, Souied EH. Optical coherence tomo
graphy angiography versus traditional multimodal imaging in assessing the 
activity of exudative age-related macular degeneration: a new diagnostic chal
lenge. Retina. 2015;35:2219–28.

4. Miere A, Semoun O, Cohen SY, El Ameen A, Srour M, Jung C, et al. Optical 
coherence tomography angiography features of subretinal fibrosis in age-related 
macular degeneration. Retina. 2015;35:2275–84.

5. El Ameen A, Cohen SY, Semoun O, Miere A, Srour M, Quaranta-El Maftouhi M, 
et al. Type 2 neovascularization secondary to age-related macular degeneration 
imaged by optical coherence tomography angiography. Retina. 2015;35:2212–8.

Fig. 1 Choriocapillaris en face OCTA and prediction scores to detect activity of macular neovascularization. Upper Row (A–D). 
Choriocapillaris en face OCTA in a case of Type 1 Macular Neovascularization (MNV) at four consecutive monthly visits. The choriocapillaris en 
face OCTA images (A, B, C, D) show a sea-fan appearance of the MNV, which activity is difficult to assess based on the en face OCTA images only. 
Lower Row (E–H). Prediction Score generated for each choriocapillaris en face OCTA using machine learning algorithms, showing an overall poor 
predictive value to detect activity of MNV based on the en face OCTA images alone.

Fig. 2 Performance (AUROC) of various machine learning models 
along with 95% confidence intervals when trained on portion of 
the data ranging from 30 to 100%. No model is ever significantly 
better than random. There is also no visible trend of improvement as 
sample size increases.

G. Corradetti et al.  

820

Eye (2024) 38:819 – 821



6. Sulzbacher F, Pollreisz A, Kaider A, Kickinger S, Sacu S, Schmidt-Erfurth U, et al. 
Identification and clinical role of choroidal neovascularization characteristics 
based on optical coherence tomography angiography. Acta Ophthalmol. 
2017;95:414–20.

7. Coscas F, Lupidi M, Boulet JF, Sellam A, Cabral D, Serra R, et al. Optical coherence 
tomography angiography in exudative age-related macular degeneration: a 
predictive model for treatment decisions. Br J Ophthalmol. 2019;103:1342–6.

8. De Fauw J, Ledsam JR, Romera-Paredes B, Nikolov S, Tomasev N, Blackwell S, 
et al. Clinically applicable deep learning for diagnosis and referral in retinal 
disease. Nat Med. 2018;24:1342–50.

9. Xu D, Dávila JP, Rahimi M, Rebhun CB, Alibhai AY, Waheed NK, et al. Long-term 
progression of type 1 neovascularization in age-related macular degeneration 
using optical coherence tomography angiography. Am J Ophthalmol. 
2018;187:10–20.

10. Rakocz N, Chiang JN, Nittala MG, Corradetti G, Tiosano L, Velaga S, et al. Auto
mated identification of clinical features from sparsely annotated 3-dimensional 
medical imaging. NPJ Digit Med. 2021;4:44.

11. Pearson K. LIII On lines and planes of closest fit to systems of points in space. 
Lond, Edinb, Dublin Philos Mag J Sci. 1901;2:559–72.

12. Jolliffe IT, Cadima J. Principal component analysis: a review and recent devel
opments. Philos Trans A Math Phys Eng Sci. 2016;374:20150202.

13. Ringnér M. What is principal component analysis? Nat Biotechnol. 
2008;26:303–4.

14. Solecki L, Loganadane P, Gauthier A-S, Simonin M, Puyraveau M, Delbosc B, et al. 
Predictive factors for exudation of quiescent choroidal neovessels detected by 
OCT angiography in the fellow eyes of eyes treated for a neovascular age-related 
macular degeneration. Eye. 2021;35:644–50.

15. Bae K, Kim HJ, Shin YK, Kang SW. Predictors of neovascular activity during 
neovascular age-related macular degeneration treatment based on optical 
coherence tomography angiography. Sci Rep. 2019;9:19240.

16. Maesa J-M, Baños-Álvarez E, Rosario-Lozano M-P, Blasco-Amaro J-A. Diagnostic 
accuracy of optical coherence tomography angiography in the detection of 
neovasculature in age-related macular degeneration: a meta-analysis. Acta 
Ophthalmol. 2022;100:e368–76.

17. Al-Sheikh M, Iafe NA, Phasukkijwatana N, Sadda SR, Sarraf D. Biomarkers of 
neovascular activity in age-related macular degeneration using optical coher
ence tomography angiography. Retina. 2018;38:220–30.

18. Mendonça LSM, Perrott-Reynolds R, Schwartz R, Madi HA, Cronbach N, Gen
delman I, et al. Deliberations of an international panel of experts on OCT 
angiography nomenclature of neovascular age-related macular degeneration. 
Ophthalmology. 2021;128:1109–12.

19. Adijanto J, Banzon T, Jalickee S, Wang NS, Miller SS. CO2-induced ion and fluid 
transport in human retinal pigment epithelium. J Gen Physiol. 2009;133:603–22.

AUTHOR CONTRIBUTIONS
GC, NR, EH, and SRS led the study design, data analysis and interpretation, and 
manuscript preparation; JNC and OA contributed with data analysis and interpreta
tion, and review of the manuscript; ARA, MGN, and AK contributed to the collection, 
and review of the manuscript; DSB, DS contributed with provision of study material 
and patients, data interpretation, and review of the manuscript. All authors read, 
commented, and approved the submitted final manuscript.

FUNDING
GC: none; NR: none; JNC: none; OA: none; ARA: none; MGN: none; AK: none; DSB: 4D 
Molecular Therapeutics (C), Acucela (C), Adverum Biotechnologies (C), Aerie (C), 
Aerpio (C), Alcon (C), Alderya Therapeutics (C), Alkahest (C), Allegro (C, I), Allergan (C), 
Aligenesis (C), Alzheon, Inc (C), Amgen (C), Amydis (C), Annexon Biosciences 
(C), Apellis Pharmaceuticals (C), AscelpiX Therapeutics (C), Aviceda Therapeutics (C), 
Bausch&Lomb, Bayer (C), Biogen Inc (C), BioMotiv (C), Bionic Vision Technologies (C), 
Biovisics Medical (C), Boehringer-Ingelheim Pharma (C), Cell Care Therapeutic (C), 
Chengdu Kanghong Biotechnology (C), Ciana Therapeutics (C), Clearside Biomedical 

(C), Delsitech (C), DigiSight (Verana Health) (I), DTx Pharmaceuticals (C), Gemini 
Therapeutics (C), Genentech (C), GenSight Biologics (C), Glaukos (C), GrayBug Vision 
(C), Gyroscope Therapeutics (C), Horizon Therapeutics (C), jCyte, Inc (C), I2vision (C), 
Kala Pharmaceuticals (C), Iconic Therapeutics (C), Interface Biologics, Inc (C), Ionis 
Pharmaceuticals (C), Isarna Therapeutics (C), Iveric Bio (C), Lineage Cell (C), LumiThera, 
Inc (C), MantraBio, Inc (C), Nanoscope Therapeutics (C), NGMB Biopharma (C), Notal 
Vision (C), Novartis Ophthalmics (C), Ocular Therapeutix (C), Ocugen, Inc (C), Oculis SA 
(C), Ocuphire Pharma (C), OcuTerra Therapeutics (C), Opthea (C), Ora, Inc (C), Oxurion 
NV (C), Palatin Technologies, Inc (C), Quark Pharmaceuticals (C), Ray Therapeutics (C), 
Regeneron Pharmaceuticals (C), Regenxbio (C), Regulus Therapeutics (C), RetinAI 
Medical AG (C), Ripple Therapeutics (C), Roche (C), Santen (C), Shenyang XingQi 
Pharma (C), Semathera Inc (C), Smilebiotek Zhuhai Limited (C), Stealth Biotherapeutics 
(C), Surrozen, Inc (C), Thea Laboratoires (C), Unity Biotech (C), Verseon Corporation (C), 
Viewpoint Therapeutics (C), Vinci Pharmaceuticals (C), Vitranu, Inc (C); DS: Amgen (C, 
R), Bayer (C), Boehringer (R), Genentech (C, R), Heidelberg (R), Iveric Bio (R), Novartis 
(C, R), Optovue (C, R, S), Regeneron (R), Topcon (R); EH:United HealthGroup (C); SVS: 
4DMT (C), Alexion (C), Allergan, Inc (C), Alnylam Pharmaceuticals (C), Amgen (C), 
Apellis Pharmaceuticals, Inc (C), Astellas (C), Bayer Healthcare Pharmaceuticals (C), 
Bayer Healthcare Pharmaceuticals (C), Biogen (C), Boerhinger Ingelheim, (C), Carl Zeiss 
Meditect, (C,S,F,R), Catalyst Pharmacetuticals Inc, (C), Centervue (C,S), Genentech- 
Roche (C), Gyroscope Therapeutics (C), Heidelberg (C, F, S,R), Iveric Bio (C), Janssen 
Pharmaceuticals, Inc, (C), Merck & Co., Inc (C), Nanoscope (C), Nidek, Inc (S, R); Novartis 
Pharma AG, (C,R), Optos, Inc (C, F, S), Oxurion/Thrombogenics, (C), Pfizer, Inc (C), 
Regeneron Pharmaceuticals, Inc (C), Samsung Bioepis (C), Topcon Medical Systems 
Inc. (S,R); Vertex Pharmaceuticals Inc (C).

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL
The authors are accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appropriately 
investigated and resolved.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to SriniVas Sadda .

Reprints and permission information is available at http://www.nature.com/ 
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit http://creativecom
mons.org/licenses/by/4.0/.

© The Author(s) 2023

G. Corradetti et al.   

821

Eye (2024) 38:819 – 821 

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Prediction of activity in eyes with macular neovascularization due to age-related macular degeneration using deep learning
	Author contributions
	Funding
	Competing interests
	Ethics Approval
	ADDITIONAL INFORMATION




