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Sell to Eye Care Practices

Annual revenue increase per practice from catching missed diagnoses on routine visit

visionairy

Optimize billing
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Patients with glaucoma, AMD, diabetic 

retinopathy, or other medical eye 
condition
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Missed diagnosis
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visionairy Value Per Patient

Revenue per patient: Optometry: $141, Ophthalmology: $180

+10% efficiency gains +5% billing gains = $21 optometry, $27 ophthalmology

https://www.carecredit.com/sites/pc/pdf/optometry-trends-report.pdf
https://www.healio.com/news/ophthalmology/20190918/focus-on-officebased-practice-can-significantly-increase-revenue



SOM calculations:

17% ophthalmologists in academic medical centers: Market size = 17% x 560M = 95 million

16% optometrists and 15% ophthalmologists practicing under private equity in 2022: Market size = 17% x 480M + 15% X 
560M = 161 million

Largest optical retail players = 4500 vision source + 2173 Luxottica + 1354 national vision holdings + 3422 Walmart + 700 
eyecare partners + 555 Costco + 852 MyEyeDr + 745 Visionworks + 200 Warby Parker + 284 Keplr = 14785 optometrists * 
3000 patients * $4 = 177 million 

https://www.aao.org/Assets/18ebb4d3-84f5-4e6f-9b09-f298b0ed8074/637709388692770000/ophthalmology-facts-figures-2021-pdf?inline=1#:~:text=%E2%80%A2%20Ophthalmologists%20represent%203%25%20of,and%20tech%20companies%20(%3C5%25
https://reviewob.com/how-fast-is-private-equity-in-optometry-growing/
https://www.visionmonday.com/vm-reports/top-50-retailers/article/snapshots-of-opticals-10-largest-us-retail-players-2023/



Eye care models developed by team
• 2018 DeepSeeNet: First open-sourced AMD severity classification/diagnosis, Ophthalmology, NLM Honor 

Award 

• 2019 DeepAMDPrognosis: AMD prognosis prediction tool, Nature Digital Medicine 

• 2020 Multi-Modal RPD-Net for reticular pseudodrusen detection, JAMIA, NIH FARE Award

• 2021 DeepLensNet for Cataract quantitative classification, Ophthalmology

• 2022 Deep-GA-Net for geographic atrophy diagnosis, Ophthalmology Science

• 2022 Retinal scan for predicting myocardial infarction, Nature Machine Intelligence

• 2023 DeepOpacityNet for explainable Cataract diagnosis, Ophthalmology

• 2023 Downstream accountability validation on Cataract diagnosis Nature aging 

• 2024 LEME: First open-sourced Language Language Model for Eye Care

• 2024 LMOD: First Large Multimodal Model Ophthalmology Benchmark

• 2024 Clinic workflow implementation on AI-assisted eye disease diagnosis & validation with 24 clinicians 
from 12 institutions. NLM Honor Award. NIH FARE Award



Foundation models developed by team
• Developed first sets of deep learning-based language models for medicine

• BioWordVec, Scientific Data 2019

• BioSentVec, IEEE ICHI 2020

• BioConceptVec, PLOS Computational Biology 2020

• Multi-task BLUEBERT, ACL BioNLP 2022

• Bioformer, First efficient transformer in production for processing 35 million literature daily 2024

• Recent LLM development and deployment

• Me Llama, First LLM pretrained on clinical notes 2024

• Establish the first systematic evaluation of LLMs in medicine on 12 benchmarks. Nature Communications 2024

• Developed retrieval augmented generation to reduce the hallucination of LLMs in medicine up to 90%. Bioinformatics. 
2024

• Developed an LLM-Nurse collaboration framework from 10 sites and deployment of with RCT with 2.6K participants, 
Nature Medicine, 2024

• Four top-ranked performance in medical informatics challenge tasks
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1. Anran Li, Yuanyuan Chen, Mingfei Cheng, Jian Zhang, Yueming Wu, Anh Tuan Luu, Han Yu, Historical Embedding-Guided Efficient Large-Scale Federated Graph Learning, ACM SIGMOD 2024.
2. Anran Li, Guangjing Wang, Ming Hu, Jianfei Sun, Lan Zhang, Luu Anh Tuan, Han Yu, Joint Client-and-Sample Selection for Federated Learning via Bi-level Optimization, IEEE TMC 2024.
3. Anran Li, Yue Cao, Jiabao Guo, Hongyi Peng, Qing Guo, Han Yu, FedCSS: Joint Client-and-Sample Selection for Hard Sample-Aware Noise-Robust Federated Learning, ACM SIGMOD 2023.
4. Anran Li, Hongyi Peng, Jiahui Huang, Lan Zhang, Qing Guo, Han Yu, Yang Liu, FedSDG-FS: Efficient and Secure Feature Selection for Vertical Federated Learning, IEEE INFOCOM 2023.
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Federated Medical Large Language Models 



LARGE 
MODEL

MULTIMODAL

We systematically benchmark 13 state-of-the-art large 
vision-language models on more than 21,000 ophthalmic 
images across diverse modalities, such as OCT, SLO, CFP. 

Responses
 

To be evaluated

1. Region 
Boxes

Extra
ct

Input
Image

Raw
Info

2. Region 
Labels

4. Disease 
Conditions

5. Metadata

Large Vision-Language Model

Prompts

“This is an ophthalmology 
image of type OCT. Please 
identify the type of each 

labelled bounding box in this 
image. Options can be 

Choroid, IRC, MH, Retina. 
Please just follow the format: 
Region ID: xxx; Type: xxx.”

Anatomical Recognition

Prompts
“This is an ophthalmology 

image of type OCT. Based on 
the image, please tell me 

whether this image contains 
glaucoma, then give 

justifications. Follow the format: 
GLAUCOMA/NON-

GLAUCOMA; Explanation: 
<JUSTIFICATION>.”

Glaucoma Diagnosis

Prompts
“This is an ophthalmology 
image of type OCT. Based 

on the image, please tell me 
the stage of macular hole in 

this image, then give 
justifications.. Follow the 

format: MH Stage: 
<INTEGER>); Explanation: 

<JUSTIFICATION>.”

MH Stage Prediction

Glaucoma; 
Explanation: This 

particular image does not 
show typical glaucomatous 

changes. There is no 
visible thinning of RNFL. 

MH Stage: 4; 
Explanation: The OCT 

image shows a full-
thickness macular 

hole, which is 
characteristic of a stage 

4 macular hole.

Annotated Image
21

34

2. Region Labels

Region 1: IRC
Region 2: Retina

Region 3: MH
Region 4: Choroid

1. Region Boxes

2
1

3

4

4. Disease Conditions

The range of macular hole 
stage is between 0 to 4. 

The macular stage
for this image is 4. 

5. Metadata

This is a left eye. The signal 
strength is not low. There is 
no signal shield and no blur 

for this image. 

Region ID: 1; Type: IRC 
Region ID: 2; Type: Retina

Region ID: 3; Type: MH
Region ID: 4; Type: IRC
Region ID 5; Type: MH

(Hallucination)

3. Patient
Information

3. Patient Information

Sex: Female
Age (Years): 59

Eye Category: OD

BENCHMARK



Benchmarks

Modalities Image Types Evaluation Perspectives

Images Texts Surgical
Scenes SLO OCT Eye Photos Fundus 

Images
Anatomical 

Understanding
Diagnosis 
Analysis

General-Domain Benchmarks
MMMU ✓ ✓ ✗ ✗ ✗ ✓ ✓ ✗ ✗

MME-
RealWorld ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

UNK-VQA ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

MMCBench ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

MathVista ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

SEED-Bench ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

Ophthalmology-Specific Benchmarks

Bench-
Nephrology ✗ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

Eval-GPT-
Ophth ✗ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

Bench-Myopia ✗ ✓ ✗ ✗ ✗ ✗ ✗ ✗ ✗

OphNet ✓ ✓ ✓ ✗ ✗ ✗ ✗ ✗ ✗

LMOD (ours) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

We evaluated the models’ performance on anatomical 
recognition and diagnosis analysis. Existing models show 

close-to-random performance. We are currently working on 
developing an ophthalmology-specialized large vision-

language model.  

LARGE 
MODEL

MULTIMODAL

BENCHMARK



PubMed 
Literature

Study 
Materials

Patient 
Cases

LEME: 
Language Enhanced
Model for Eye Care

GPT-4 is 
closed-source!


