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Purpose: This study evaluated the effectiveness of the code-free platforms FedEYE and
ChatGPT in predicting vault in patients with shallow anterior chamber depth (ACD)
undergoing implantable collamer lens (ICL) surgery.

Methods: This retrospective study included 160 eyes with shallow ACD (<2.8 mm)
and developed two code-free artificial intelligence (AI) models. An integrated neural
network (INN) was developed using the FedEYE platform with ResNet and gradient-
boosting trees, combinedwith optical coherence tomography (OCT) images and exami-
nation data, to determine how different data combinations achieve the best model
performance and the correlation between parameters and vault. ChatGPT prompted
with memory function and also used to validate its capability to predict vault based on
these preoperative multimodal data.

Results: Based on the test set results, the INN model, using the combined OCT image
and examination data, achieved favorable performance with accuracy of 0.875, sensi-
tivity of 0.857, specificity of 0.889, weighted F1 score of 0.86, and area under the
curve (AUC) of 0.873. Anterior chamber angle and spherical equivalent positively corre-
lated with vault, and age and white-to-white diameter negatively correlated. Following
memory prompting, ChatGPT improved itself and reached accuracy of 0.813, recall of
0.571, weighted F1 score of 0.73, and AUC of 0.865.

Conclusions: Code-free tools are particularly notable for their straightforward devel-
opment and deployment. These two code-free AI models demonstrated encouraging
performance in predicting vault in shallow ACD patients.

Translational Relevance: Using different AI models to predict vault after ICL implanta-
tion could be of clinical significance for improving surgical safety and efficacy in shallow
ACD patients.
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Introduction

The STAAR implantable collamer lens (ICL;
STAAR Surgery, Lake Forest, CA) is a phakic poste-
rior chamber intraocular lens used in refractive surgery.
Since its approval by the U.S. Food and Drug Admin-
istration (FDA) in 2005, ICL implantation has proven
to be a safe and effective method for correcting myopia
and astigmatism.1–3 ICL vault is a critical determi-
nant of surgical safety; insufficient vault reduces the
space between the ICL and the crystalline lens, poten-
tially causing anterior subcapsular cataracts (ASCs).4–7
Current guidelines recommend ICL implantation only
in patients with an anterior chamber depth (ACD) >

2.8 mm and horizontal white-to-white (WTW) diame-
ter > 10.5 mm, with the FDA advising against implan-
tation in eyes with ACD < 3 mm.8,9 These criteria
are intended to ensure a postoperative vault within
a safe range; however, they are primarily based on
limited clinical observations rather than systematically
validated data. With the widespread application of the
STAAR ICLV4cmodel, with a central hole, the limita-
tions of ICL surgery are constantly being explored and
expanded in clinical practice.10

Due to anatomical differences, shallow ACD (<2.8
mm) is more frequently observed in East Asian popula-
tions.11 Because ACD is positively correlated with ICL
vault, patients with a shallow ACD are more likely
to develop insufficient vault, which has been linked
to an increased risk of anterior subcapsular opacifi-
cation or even ASCs.12,13 Nevertheless, our previous
research demonstrated that, with appropriate lens size
selection, implantation of the ICLV4c in shallowACD
patients remains both safe and effective, with 61.46%
achieving vault within the normal range.14 Therefore, a
systematic model to predict postoperative vault based
on preoperative anterior chamber parameters, rather
than ACD alone, may provide more reliable guidance
for patients, especially those with shallow ACD.

In recent years, the expansion of artificial intelli-
gence (AI) technology has significantly enhanced its
application across various medical domains.15,16 Deep
learning, a specialized branch of machine learning
(ML), leveragesmultilayered neural networks and large
datasets to excel in automatic learning and recognition.
Convolutional neural networks, when trained on clini-
cal data, are increasingly utilized for medical diagnos-
tics and predictive tasks, including the diagnosis of
keratoconus and selection of ICL models.17,18 These
methods provide automated, efficient, and precise
predictions following rigorous training, surpassing
the accuracy of traditional manual observations and
formula-based calculations. Nevertheless, the scope of

the current research in this area is mostly confined
to models trained using solely images or examina-
tion data. Additionally, limitations in disciplinary
backgrounds make it challenging for physicians and
researchers to develop models, significantly restricting
their widespread adoption and application.

The burgeoning application of ChatGPT, powered
by large language models (LLMs), is serving as
a catalyst for innovations across various sectors.
These models are trained on a comprehensive corpus
that includes extensive medical literature, the latest
advancements, and clinical case data.19 Utilizing atten-
tion mechanism–based algorithms, LLMs can assimi-
late and process vast amounts of data to yield logically
coherent outputs.20 Primarily, these models strive to
provide clear and structured responses. Nonetheless,
the efficacy of LLMs in medical diagnostics and
prognosis still warrants further empirical scrutiny.
ChatGPT, one of the most popular LLMs, due to
its newly developed image recognition and long-term
memory capabilities, could potentially help researchers
train more precise models tailored to individual
needs.21

In this study, we adopted the code-free platform
FedEYE to develop a multimodal integrated neural
network (INN) model. We aimed to predict the
ICL vault in patients with shallow ACD, aiming
to identify those at risk of low vault by integrat-
ing preoperative optical coherence tomography (OCT)
images with selected clinical examination data, and to
examine the correlation between various risk factors
and the postoperative vault. Additionally, we devel-
oped another model by prompting ChatGPT with
memory functions and compared it with the model
developed at the FedEYE platform.

Methods

Study Design

This retrospective study included 160 eyes with
shallow ACD of myopic patients who underwent ICL
V4c surgery at the refractive surgery department of
Xi’an Aier Eye Hospital between October 2022 and
June 2024. The study received approval from the Ethics
Committee of Xi’an Aier Eye Hospital and adhered to
the tenets of the Declaration of Helsinki. All patients
underwent a comprehensive ophthalmic examination
by a specialist physician before surgery. The inclusion
criteria were (1) shallow ACD (<2.8 mm); (2) stable
refractive status for 2 years before surgery; and (3)
endothelial cell density > 2200 cells/mm2. Exclusion
criteria included a history of ocular disease or other
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related surgeries. All patients were closely followed up
and examined postoperatively.

Data Preparation and Quality Control

All patients underwent OCT examinations before
and after surgery (CIRRUS 5000; Carl Zeiss Meditec,
Jena, Germany). Light intensity was measured using
a T10A illuminance meter (Konica Minolta, Tokyo,
Japan) to ensure that OCT measurements for all
patients were conducted under consistent lighting
conditions, thereby avoiding any bias in the ICL vault
due to varying illumination.22 The examination proce-
dure followed previously published protocols.14 Briefly,
patients were seated, and the central pupil was used as
the focal point for scanning. The right eye was scanned
from the temporal to nasal side, and the left eye was
scanned from the nasal to temporal side. Each scan was
required to clearly delineate the anatomical boundaries
of the anterior segment structures. For each patient,
three consecutive images were obtained, and the clear-
est image was selected by a physician for storage and
subsequent analysis. From preoperative OCT images,
ACD, average nasal and temporal anterior chamber
angle (ACA), WTW diameter, crystalline lens rise
(CLR), and spherical equivalent (SE) were measured
by two physicians who were blinded to the study
design using ImageJ 1.53a (National Institutes of
Health, Bethesda, MD). Postoperative OCT images
were used to measure the ICL vault. Each parame-
ter was measured independently by both physicians,
and the mean of their measurements was used for
subsequent analyses. Low ICL vault was defined as
<250 μm, and all data were binarily labeled as either
low ICL vault or normal ICL vault. Before inputting
data into the AI algorithm, two clinicians measured
and evaluated all case images and examination data to
ensure consistency. Of the initial 183 eyes, 160 eyes were
included in this study after applying strict exclusion
criteria and quality control measures. All study eyes
were randomly assigned to training, validation, and test
sets in an 8:1:1 ratio. Independent validation and test
sets were used to prevent poor generalization to unseen
data.

Surgical Interventions

All procedures in this study were performed by
the same experienced surgeon. Due to the unique
physiological structure of patients with shallow ACD
(<2.8 mm), we selected the 12.1-mm size ICL V4c
for all patients. The ICL implantation and surgi-
cal procedures followed the same protocol as in our
previous studies.23,24 Briefly, following the induction

of ciliary muscle paralysis and topical anesthesia, an
approximately 2.8-mm clear corneal incision was made
at the steepest meridian. Through this incision, the
ICL was implanted into the posterior chamber, and
the remaining ophthalmic viscosurgical device was
completely washed out of the anterior chamber with
a balanced salt solution. After surgery, a nonsteroidal
anti-inflammatory drug (Pranopulin; Senju Pharma-
ceuticals, Osaka, Japan) and antibiotic medication
(Cravit; Santen Pharmaceutical, Osaka, Japan) were
administered topically four times daily for 2 weeks, and
the dose was steadily reduced thereafter.

FedEYE Platform

As shown in the flowchart in Figure 1, in this study
we developed an INN model on the FedEYE feder-
ated learning platform (https://fedeye.aierchina.com/).
The platform allows physicians without coding experi-
ence to develop AI models using neural networks and
ML algorithms. Within the platform, we trained multi-
ple convolutional neural network models using the
preoperative OCT images from patients included in the
training set, including EfficientNet, SwinTransformer,
SqueezeNet, MobileNet, ResNet, and GoogleNet
(Supplementary Table S1). Ultimately, ResNet34 was
selected for its superior performance in predicting
outcomes from OCT images. The image-based predic-
tions were used as input features, combined with
clinical examination data including age, ACA, WTW
diameter, CLR, ACD, and SE, and fed into a gradient-
boosting tree model to generate the final predictions.
The precision, recall, and accuracy of the model in
predicting the postoperative vault in patients with
shallow ACD following ICL surgery were evaluated
using an independent test dataset that the INN model
had not previously encountered.

Ablation Study

Ablation experiments assess the impact of individ-
ual or combined variables on the overall system. In
this study, we performed ablation experiments on
OCT images and six clinical examination data or risk
factors by selectively omitting specific parameters. We
then assessed the performance of the neural network
using combinations of retained input parameters.
This approach enabled us to document the maximum
accuracy attainable on the FedEYE platform with and
without certain features, thus establishing the signifi-
cance of each parameter to themodel and its impact on
the postoperative vault. Accuracy heatmaps for various
parameter combinationswere generated using Prism 10
(GraphPad Software, Boston, MA).

https://fedeye.aierchina.com/
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Figure1. Patientswith shallowACDunderwent a comprehensiveophthalmological examination to select andpreprocess the trainingdata,
which were subsequently input into the FedEYE platform and ChatGPT. For FedEYE, OCT images were initially processed using ResNet34;
the outputs were then merged with numerical tabular data and input into a gradient boosting decision tree for final result generation and
performance evaluation. In the case of LLM, ChatGPT was employed to conduct case-based question-and-answer sessions using the same
multimodal data, aimed at predicting postoperative vault and assessing the outcomes.

Principal Component Analysis

Principal component analysis (PCA) is a statisti-
cal method that utilizes orthogonal linear transforma-
tions to cluster data based on similarities within the
dataset. This method efficiently summarizes the major-
ity of the variance of the dataset into fewer dimen-
sions, known as principal components (PCs), using
transformed coordinates (scores).25 In this research,
PCA was applied to all OCT images along with

associated clinical risk factors incorporated in the
FedEYE platform and postoperative ICL vault within
the training set. By analyzing the relationships and
clustering trends among various components, we delin-
eated the data structure, quantified the contribu-
tion of each parameter to the postoperative ICL
outcomes, and confirmed the correlations between
these parameters and the vault. The results were
visually represented through biplot graphs generated in
Prism 10.
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ChatGPT

In this study, we utilized the official web versions of
ChatGPT-4o and ChatGPT-4.5 provided by OpenAI
(https://chatgpt.com), both of which support image
input. All interactions were conducted using the
default settings of the platform. To enhance the text
generation capabilities of the LLMs for interpreting
and responding to specific queries effectively, we refined
the prompts used for ChatGPT. Relevant parameters
were prepared based on the clinical examination data
of the participants’ affected eyes, and all informa-
tion was structured in the form of case reports to
ensure reproducibility under the same model version
and prompt conditions (see example in Fig. 1, Supple-
mentary Fig. S1). First, the training dataset previ-
ously used for the FedEYE model was incorporated
into ChatGPT memory (Supplementary Fig. S2). The
validation set was then used for prompt optimization
and intermediate validation. Finally, an independent
test set, neither stored in memory nor used for prompt
optimization throughout the process, was employed to
predict postoperative vault and associated probabili-
ties (detailed workflow is shown in Supplementary Fig.
S3). To standardize the influence of prediction proba-
bilities on the final results, all predicted outcomes were
normalized to derive a weighted predicted vault, which
was subsequently used for analysis.

Statistical Analysis

In bothmodels, the same training set was utilized for
model training or prompting, followed by evaluation
on the same validation set. Subsequently, an indepen-

dent test set was used for further validation, data analy-
sis, and result presentation. In this study, accuracy
refers to the proportion of correctly predicted postop-
erative vault among all treated eyes. Recall, or sensi-
tivity, is defined as the proportion of correctly identi-
fied cases of low postoperative vault out of all such
cases. Similarly, specificity represents the proportion
of correctly identified normal vault among all eyes
with normal vaults. The weighted F1 score was used
to evaluate the performance of the model by balanc-
ing precision and recall. Data processing and statis-
tical analyses were performed using SPSS Statistics
27 (IBM, Chicago, IL) and Prism 10, and graphical
illustrations were created with Prism 10 and Photo-
shop 2021 (Adobe, San Jose, CA). Receiver operating
characteristic (ROC) curves were generated to evalu-
ate the probabilities of postoperative vault predictions
from variousmodels using an independent test set. This
methodology was applied to assess the performance
of different models, including the one developed by
the FedEYE platform and the other one by ChatGPT.
P < 0.05 was considered statistically significant.

Results

We collected data for 160 eyes with shallow ACD,
all of which underwent STAAR ICL V4c implanta-
tion. Among these, 65 eyes exhibited an ICL vault of
<250 μm. Table 1 presents the distribution of these
parameters across the training, validation, and test sets
following random allocation. The average preopera-
tive ACD for all patients was 2.61 ± 0.11 mm (range,

Table 1. Distribution of Parameter Characteristics

Training Set (n = 128) Validation Set (n = 16) Test Set (n = 16)

Parameter Mean ± SD Range Mean ± SD Range Mean ± SD Range

Age (y) 33.82 ± 5.93 20 to 48 32.69 ± 5.90 24 to 46 33.44 ± 6.47 24 to 42
ACA (°) 39.32 ± 4.50 29.18 to 52.69 38.28 ± 2.42 34.94 to 44.63 39.06 ± 4.73 31.23 to 49.40
WTW diameter (mm) 11.16 ± 0.34 10.4 to 12.2 11.09 ± 0.26 10.5 to 11.5 11.29 ± 0.47 10.4 to 12.2
CLR (μm) 269.36 ± 184.75 −171.6 to 683.1 240.55 ± 129.45 −11.5 to 426.9 289.48 ± 247.51 −203.72 to 643.74
ACD (mm) 2.60 ± 0.12 2.31 to 2.79 2.64 ± 0.81 2.46 to 2.76 2.63 ± 0.88 2.42 to 2.77
SE (D) −8.14 ± 3.05 −15.00 to –2.75 −8.32 ± 3.31 −15.00 to –4.00 −8.05 ± 2.10 −11.50 to –3.75
Vault (μm) 290.93 ± 180.52 24.48 to 746.38 320.75 ± 181.51 59.47 to 672.48 295.31 ± 199.29 28.74 to 643.61

Table 2. Predictive Results of Models Using Solely Images, Data, and Combination of Both Images and Data on
FedEYE Platform

Model Accuracy Sensitivity Specificity AUC 95% CI P

OCT image 0.813 0.857 0.778 0.817 0.593–1.000 0.034*
Data 0.750 0.714 0.778 0.746 0.489–1.000 0.131
OCT image + data 0.875 0.857 0.889 0.873 0.676–1.000 0.013*

*P < 0.05, indicating a statistically significant difference from an AUC of 0.5 and robust diagnostic performance.

https://chatgpt.com
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Figure 2. The training data incorporated into the FedEYE INNwere
visualizedusingamatrix diagram. This diagramdisplays 127possible
combinations derived fromsevendata types,with each rowon the y-
axis representing a distinct combination and the x-axis detailing the
parameters included in the model. Excluded parameters are shown
in white. The accuracy indicated in the diagram was automatically
generated by the FedEYE platform, following the input and process-
ing of each training set combination.

2.31–2.79). The mean postoperative vault measured
294.35 ± 181.56 μm (range, 24.48–746.38). There were
no statistically significant differences in any parameters
across the three datasets.

To accurately predict postoperative ICL vault in
patients with shallow ACD, we developed an INN

Figure 3. The relationship between the training data integrated
into the model and the postoperative vault is visualized using a
Biplot figure. The yellow lines represent the loadings of each param-
eter, and the scatter points denote the PC scores. Red points indicate
normal vault, and blue points signify low vault.

on the FedEYE platform. This network utilizes OCT
images, clinical examination data, or a combination
thereof.Wemodified the learningmodels and combina-
tions for OCT images and examination data, ultimately
employing a combination of the ResNet34 convolu-
tional network and gradient-boosting trees (Supple-
mentary Table S1). As shown in Table 2, according to
the test set results, themultimodal INNmodel achieved
amaximum accuracy of 0.875, sensitivity of 0.857, and
specificity of 0.889. ROC curve results showed that
approximately seven out of eight patients in our test
data were accurately classified as correct postopera-
tive vault (AUC = 0.873). This performance surpassed
that of networks relying solely on OCT images (AUC
= 0.817) and is markedly better than models using
only clinical examination data (AUC = 0.746) (Table
2, Supplementary Fig. S4).

Predictive outcomes derived from multimodal data
demonstrate enhanced accuracy over single data type
models. Following this discovery, we further investi-
gated the critical role of each parameter included in
the FedEYE platform. As depicted in Figure 2, we
employed ablation analysis to train amultilayer percep-
tron using 127 distinct parameter combinations on
a consistent training set, documenting the accuracy
of each combination as provided by the FedEYE
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Figure 4. Scatterplots illustrate the ChatGPT predictions for vault.
The vertical axis depicts the absolute differences between the
weighted predictions and the actual values, whereas the horizon-
tal axis indicates the actual vault from the test set. Red symbolizes
ChatGPT-4.5, and blue signifies ChatGPT-4o.

platform. The findings revealed that integrating multi-
ple parameters significantly improved accuracy; specif-
ically, models incorporating OCT images and clini-
cal examination data achieved the highest mean
accuracy (0.96). Subsequently, as shown in Figure 3,
we used PCA analysis to further explore the contri-
bution of each parameter and observed the relation-
ships between parameters and the ICL vault. OCT
images and age were found to be particularly influ-
ential, whereas ACA and SE were crucial in predict-
ing normal vault. Notably, older age and larger WTW
diameter were associated with lower postoperative
vault.

Given the constraints of limited sample sizes for
the rapid development of more precise neural network
models, this research leveraged a well-trained LLM for
predicting postoperative vaults. It utilized the long-
termmemory features of ChatGPT to learn from train-
ing set samples and evaluated performance before and
after prompting on the same test set. The prediction
accuracy of ChatGPT-4.5 improved from 0.63 to 0.81,
and its F1 weighted score improved from 0.25 to 0.73.

Figure5. TheROCcurvesdisplay theperformanceof threemodels:
ChatGPT-4.5 (red), ChatGPT-4o (yellow), and FedEYE INN (blue).

Similar improvements were observed with ChatGPT-
4o, as the accuracy improved from 0.38 to 0.56 and
its F1 weighted score from 0.17 to 0.46. (Supplemen-
tary Table S2). As shown in Figure 4 and Supplemen-
tary Figure S5, after prompting, both GPT models
achieved a 75% prediction accuracy for postopera-
tive vault within ±200 μm of the actual values. In
particular, ChatGPT-4.5 achieved 50% accuracywithin
±100 μm, and ChatGPT-4o achieved 31.25% within
this range. A comparative analysis between the trained
GPT models and the INN model developed on the
FedEYE platform showed that ChatGPT-4.5 achieved
accuracy of 0.81, recall of 0.57, F1 weighted score
of 0.73, and AUC of 0.865, significantly surpassing
ChatGPT-4o, which scored accuracy of 0.56, recall
of 0.43, F1 score of 0.46, and AUC of 0.57, and it
slightly underperformed in comparison to the FedEYE
model, which recorded an AUC of 0.873 (Table 3;
Fig. 5).

Table 3. Accuracy of Vault Predictions by ChatGPT-4.5, ChatGPT-4o, and FedEYE Model

AI Model Accuracy (%) Recall (%) Weighted F1 Score AUC 95% CI P

ChatGPT-4.5+ 81.3 57.1 0.73 0.865 0.681–1.000 0.015*
ChatGPT-4o+ 56.3 42.9 0.46 0.571 0.274–0.869 0.634
FedEYE 87.5 85.7 0.86 0.873 0.676–1.000 0.013*

The use of memory is indicated by a plus sign (+).
*P < 0.05, indicating a statistically significant difference from an AUC of 0.5 and robust diagnostic performance.
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Discussion

In this study, we utilized the FedEYE platform
and ChatGPT to develop two code-free multimodal
AI models using preoperative OCT images and a
collection of examination data, including age, ACA,
CLR, WTW diameter, ACD, and SE. An INN model
developed using the FedEYE platform and ChatGPT
accompanied by long-termmemorywas used to predict
the postoperative vault in patients with shallow ACD.
Through systematic validation of various network
architectures on the FedEYE platform and an exten-
sive evaluation involving 160 eyes, the FedEYE model
achieved a favorable accuracy of 0.875 and AUC of
0.873. Simultaneously, ChatGPT, trained on the same
dataset, achieved a very high degree of accuracy of
0.813 and AUC of 0.865.

In the assessment of ICL surgery, postoperative
vault is a critical parameter for evaluating both surgical
success and safety. Excessively high vault may damage
endothelial cells and precipitate secondary glaucoma,
whereas excessively low vault can lead to ASC.26,27
In studies investigating ICL implantation in eyes with
shallow ACD, Qian et al.12 reported that 3.07% of
patients developed anterior lens capsule opacification,
and all of these patients had ICL vault < 250 μm. Our
previous research also demonstrated that these patients
are more prone to developing low vault. Thus, selecting
an appropriate ICL size based on preoperative exami-
nations and accurately predicting vault have received
significant attention. With AI increasingly being incor-
porated into scientific research, challenges previously
unresolved by conventional methods are now being
overcome.28 Chen et al.29 utilized an optimized random
forest (RF) regression model spanning sulcus to sulcus
to predict postoperative vault, achieving an accuracy
of 0.63 and AUC of 0.80. Similarly, Shen et al.,30
using a random RF model to predict ICL vault and
selected lens sizes, attained a maximum classification
accuracy of 0.828 and an AUC of 0.765. These results
are comparable to the results of our single-type data-
driven model in the present study (Table 2), which
recorded accuracy of 0.75 and AUC of 0.746. In
addition toMLmodels, numerous studies have applied
deep learning to automate recognition and prediction
tasks using images.17,31 As far as we know, however,
there are still no predictive models currently existing
for patients with shallow ACD, which limits the clini-
cal evidence available for precise safety assessments by
refractive surgeons in these shallow ACD patients.32
Therefore, in this study, we retrospectively collected
preoperative clinical data and the 1-month postoper-
ative vault for this patient group and developed an
AI model that is more suitable for these shallow ACD

patients. We utilized the FedEYE platform, which
supports the code-free development and deployment
of various deep learning and ML models, such as
SwinTransformer and ViT, simplifying research and
enhancing collaboration among medical researchers.33
Using OCT images and individual clinical examination
data, we developed an INN model with ResNet34 and
gradient boosting trees that achieved accuracy of 0.875
and AUC of 0.873. Compared to the models using
only single-type data, their performance in terms of
AUC is 0.817 and 0.746, respectively. This is consistent
with numerous findings thatmultimodal datamay yield
more precise results compared to models using single
data types.34,35

To evaluate the influence of various parameters on
the model developed on the FedEYE platform and
to elucidate the correlations between clinical exami-
nation data and the ICL vault, we performed an
ablation analysis. This analysis assessed the accuracy
of the model across 127 parameter combinations and
revealed that incorporating imaging data markedly
improved accuracy compared with the use of exami-
nation parameters alone. In terms of clinical risk
factors, including age, ACA, WTW diameter, and
SE, these all enhanced model accuracy, confirming
reports in the existing literature on the relationship
between these parameters and vault.36,37 Addition-
ally, we further analyzed these relationships using PCA
analysis. BeyondOCT images contributing to increased
predictive accuracy, patients with shallowACDcharac-
terized by largerWTWdiameter and smallerACAwere
found to have lower postoperative vault, consistent
with our previous findings. Age was also identified as a
risk factor for lower vault, confirming prior research26
and suggesting that older patients should be monitored
more closely postoperatively.38 Numerous studies have
confirmed the correlation between ACD and CLR
parameters with postoperative vault.37,39 However,
these parameters made relatively minor contributions
compared to other factors in the model. We hypoth-
esize that the fundamental characteristics of subjects
included in different studies may be the primary reason
for this. Eyes with shallow ACD can be characterized
by lower corneal sagittal heights and higher CLR.40
Most analyses of ICL surgery consider patients with
ACD > 2.8 mm. In contrast, our study examined a
more limited range of ACD (2.31–2.79 mm), leading
to an insignificant correlation among ACD, CLR, and
vault.

The scarcity of patients with shallow ACD poses
challenges in acquiring large sample sizes quickly
for prompting AI models. ChatGPT integrates exten-
sive datasets to train on text and images, extract-
ing crucial information and generating human-like
text via natural language response algorithms.19 These
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training sets are rich in medical records and imaging
data, offering significant prospects for disease diagno-
sis and prediction.41,42 Given their unique image recog-
nition and analysis capabilities, we used ChatGPT-
4.5 and ChatGPT-4o for result analysis in this study.
ChatGPT results heavily depend on the questions
posed at the end of case reports.43,44 Consequently,
we optimized the prompt to standardize case reports
and questionnaires, enabling ChatGPT to provide
accurate predictions and probability, thereby obtaining
the weighted predictive vault for downstream analysis.
Our findings suggest that ChatGPT-4.5 outperforms
ChatGPT-4o, likely due to more refined algorithmic
logic.45 In this study, we used the “memory” feature
of ChatGPT to enable sequential input of training
sets into the memory of the model, thus enabling it
to diagnose based on experience similar to a clini-
cal physician. The ChatGPT-4.5 weighted F1 score
improved from 0.25 to 0.73 after memory integration,
and ChatGPT-4o showed similar improvement (from
0.17 to 0.46). This long-term memory function could
enable more personalized prompting of LLM, enhanc-
ing their sensitivity and specificity. Currently, research
on LLMs is limited to comparing different question-
and-answer formats and model versions,45–47 using it
as a “trained” model alongside other deep learning
models to provide more valuable insights for LLM
applications. In this study, we input the same train-
ing set used for the FedEYE model into the ChatGPT
“memory” and then applied identical validation and
test sets for predicting postoperative vault. ChatGPT-
4.5 with memory showed good predictive performance,
achieving accuracy of 0.813 andAUCof 0.865, slightly
lower than the FedEYE model (accuracy of 0.875,
AUC of 0.873). In addition, OpenAI has released
large-scale reasoning models for ChatGPT focused on
complex tasks. We evaluated the performance of GPT-
o1 in predicting vault in patients with shallow ACD
using an independent test dataset that had not been
incorporated into GPT memory (Supplementary Fig.
S6). The weighted F1 score of its predictions was
0.28, surpassing those of no-memory-trained GPT
4.5 (0.25) and GPT-4o (0.17). These results suggest
that combining memory and reasoning capabilities
may enable more effective prompting of LLMs in the
future.

Overall, our proposed AI model significantly
improved the predictability of postoperative vault in
shallow ACD patients. Currently, we are conduct-
ing additional research to address several limitations
of the present study. One limitation is the limited
number of cases incorporated into our model, due
to the relative rarity of patients with shallow ACD
undergoing ICL surgery. In the future, we plan to
conduct multicenter studies to establish a larger and

more comprehensive database, while continuously
assessing the performance of the model on external
datasets and refining it through iterative optimization.
It is noteworthy that we achieved excellent model
performance with limited annotated data. In this
study, we utilized the FedEYE platform, which allows
clinical physicians to train models without coding. The
federated nature of this platform ensures that various
centers can easily be invited to join as federated parties
to collaboratively train the federated model through
convenient deployment methods. Through this, we also
hope more centers performing ICL on patients with
shallow ACD will join us in developing a larger sample
size and therefore more accurate neural network.
Furthermore, although ChatGPT benefits from exten-
sive training data and sophisticated algorithms that
mimic human thought processes, the reliability of
its extensive data remains unverified. In this study,
we have improved its accuracy with the “memory”
function, and we will also conduct a more compre-
hensive evaluation of the predictions of LLM in the
future.

In conclusion, through the FedEYE platform, we
trained a multimodal model to predict the postoper-
ative vault in patients with shallow ACD undergoing
ICL surgery, using a code-free approach, and it exhib-
ited excellent performance. Our analysis identified
significant correlations among age, ACA, WTW
diameter, and SE with vault. Additionally, we discov-
ered that the “memory” function of ChatGPT-4.5
exhibits excellent performance in predicting postop-
erative outcomes, suggesting that developing specific
LLMs holds substantial potential for clinical practice.
Integrating multimodal data, with more conve-
nient deployment methods and reduced reliance on
annotated data, will be crucial for achieving superior
model performance in the future.
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