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ABSTRACT

Introduction: cataract is a prevalent eye condition that affects millions of individuals worldwide, leading to 
visual impairment and reduced quality of life. Cataract surgery is the most effective treatment, but post-
surgical complications can arise, impacting the success of the intervention. Optical coherence tomography 
(OCT) has emerged as a valuable imaging technique for evaluating these complications, but the manual 
interpretation of OCT images is time-consuming and subjective.
Objective: in this study, we aimed to assess the performance of a machine learning (ML) tool specifically 
developed for detecting post-surgical complications in cataract patients.
Method: we employed a support vector machine (SVM) algorithm to analyze a comprehensive dataset of 
OCT images. The dataset comprised 700 OCT images obtained post-surgery, including patients with cystoid 
macular oedema (CMO), retinal detachment (RD), and healthy individuals. The ML tool utilized pre-processed 
OCT images with annotations provided by expert ophthalmologists, undergoing retinal layer segmentation 
using intensity-based features.
Results: the SVM algorithm demonstrated high sensitivity and specificity in detecting and classifying post-
surgical complications. It achieved a sensitivity of 92,5 % in detecting CMO and 90,9 % in identifying RD. The 
specificity of the algorithm was 90,9 % and 96,2 % for these complications, respectively. The overall accuracy 
of the ML tool in correctly identifying and classifying post-surgical complications was 92 %.
Conclusions: the integration of ML algorithms in OCT imaging shows promise in enhancing the accuracy and 
efficiency of assessing post-surgical complications in cataract patients. The ML tool developed in this study 
provides reliable and objective assessments, reducing the subjectivity and variability associated with the 
manual interpretation of OCT images.
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RESUMEN

Introducción: la catarata es una enfermedad ocular muy común que afecta a millones de personas en 
todo el mundo y que provoca problemas visuales y una menor calidad de vida. La cirugía de cataratas es 
el tratamiento más eficaz, pero pueden surgir complicaciones posoperatorias que afecten al éxito de la 
intervención. La tomografía de coherencia óptica (TCO) ha surgido como una técnica de diagnóstico por 
imagen valiosa para evaluar estas complicaciones, pero la interpretación manual de las imágenes de TCO 
requiere mucho tiempo y es subjetiva.
Objetivo: en este estudio, buscamos evaluar el rendimiento de una herramienta de aprendizaje automático 
(AA) desarrollada específicamente para detectar complicaciones posquirúrgicas en pacientes con cataratas.
Método: utilizamos un algoritmo de máquina de vectores de soporte (MVS) para analizar un conjunto de 
datos completo de imágenes OCT. El conjunto de datos consistió en 700 imágenes TCO obtenidas después 
de la cirugía, incluidos pacientes con edema macular cistoide (EMC), desprendimiento de retina (DR) e 
individuos sanos. La herramienta ML utilizó imágenes TCO preprocesadas con anotaciones proporcionadas 
por oftalmólogos expertos, sometidas a segmentación de capas de retina utilizando características basadas 
en la intensidad.
Resultados: el algoritmo MVS demostró una alta sensibilidad y especificidad para detectar y clasificar las 
complicaciones posquirúrgicas. Logró una sensibilidad del 92,5 % para detectar EMC y del 90,9 % para identificar 
DR. La especificidad del algoritmo fue del 90,9 % y del 96,2 % para estas complicaciones, respectivamente. 
La precisión general de la herramienta AA para identificar y clasificar correctamente las complicaciones 
posquirúrgicas fue del 92 %.
Conclusiones: la integración de algoritmos de aprendizaje automático en las imágenes TCO es prometedora 
en lo que respecta a la mejora de la precisión y la eficiencia de la evaluación de las complicaciones 
posquirúrgicas en pacientes con cataratas. La herramienta de aprendizaje automático desarrollada en este 
estudio proporciona evaluaciones fiables y objetivas, lo que reduce la subjetividad y la variabilidad asociadas 
a la interpretación manual de las imágenes TCO.

Palabras clave: Cataratas; Cirugía; Tomografía de Coherencia Óptica; Aprendizaje Automático; Máquina de 
Vectores de Soporte.

INTRODUCTION
Cataract, a prevalent eye condition, affects millions of individuals worldwide, leading to visual impairment 

and reduced quality of life.(1,2) Cataract surgery has proven to be the most effective treatment, restoring vision 
and improving patients’ well-being.(3) However, like any surgical procedure, post-surgical complications can 
arise, impacting the success of the intervention.(4,5)

Optical coherence tomography (OCT) has emerged as a valuable imaging technique for evaluating post-
surgical complications in cataract patients.(6,7) OCT provides high-resolution, cross-sectional images of the 
eye,(8) allowing for detailed assessment of the anterior and posterior segments structures and detection of 
abnormalities.(9,10) However, the manual interpretation of OCT images can be time-consuming and subjective, 
relying heavily on the expertise of the interpreting clinician.(11)

To address these limitations, the integration of machine learning (ML) algorithms in OCT imaging holds 
immense potential.(12,13) ML techniques can analyze large volumes of OCT data, extract relevant features, and 
learn patterns associated with different post-surgical complications.(14) By leveraging ML, the accuracy and 
efficiency of interpreting OCT images can be significantly enhanced, leading to more objective and reliable 
assessments.(15,16)

The primary objective of this study is to assess the performance of an ML tool specifically developed for 
detecting post-surgical complications in cataract patients. By training the ML model on a comprehensive 
dataset of OCT images, the tool aims to accurately identify and classify complications such as cystoid macular 
oedema(17) and retinal detachment.(18) The ultimate goal is to provide clinicians with a reliable, automated tool 
that can aid in the early detection and management of post-surgical complications, leading to improved patient 
care and favorable outcomes.

By evaluating the performance of the ML tool in this study, we aim to contribute to the growing body of 
research exploring the potential of ML in enhancing ophthalmic diagnostics and interventions. The findings of 
this study have the potential to revolutionize cataract care, offering a promising solution for better patient 
outcomes, reduced healthcare costs, and improved overall quality of life for individuals affected by cataract 
surgery. The general objective of this study is to assess the performance of a machine learning tool specifically 
developed for detecting postoperative complications in cataract patients.
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METHOD
Participants

The study design employed a retrospective approach, utilizing data collected from the medical records of 
patients who underwent cataract surgery. All participants in the study underwent standard cataract surgery, 
which involved phacoemulsification with intraocular lens (IOL) implantation. The surgical procedures were 
performed by experienced ophthalmic surgeons following established protocols. 

This retrospective study utilized a sample of patients who underwent cataract surgery at State City Clinic 
No. 13 between January 2021 and December 2024. The inclusion criteria comprised patients who had available 
OCT imaging records post-surgery. A total of 700 participants were included in the study.

The study received approval from the Local Ethical Committee of the Al-Farabi Kazakh National University 
and adhered to the principles outlined in the Declaration of Helsinki. Patient consent was waived for this 
retrospective analysis as the data was anonymized and did not involve any direct patient contact.

Optical coherence tomography imaging
OCT images were obtained using Topcon DRI OCT Triton (Japan), a widely used and commercially available 

device known for its high-resolution imaging capabilities. The OCT scans were performed within a specified 
time frame post-surgery, typically between 7-14 days after the phacoemulsification to ensure consistency and 
relevance to post-surgical complications.

Machine learning and data analysis
In this study, a support vector machine (SVM) algorithm was employed for the detection and classification of 

post-surgical complications. Pre-processed OCT images with annotations provided by expert ophthalmologists, 
underwent retinal layer segmentation using the intensity-based features. These features capture the variation 
in pixel intensity values within the image. We included mean intensity, standard deviation, and histogram-
based features (intensity distribution or texture features).(15)

The algorithm was developed and implemented using the high-level programming language Python, version 
3.12 (Python Software Foundation, US), taking into account relevant features and patterns associated with 
each complication.

The collected OCT images were processed using the SVM, which classified the images into two categories of 
post-surgical complications. The performance of the ML tool in detecting complications was evaluated based 
on various metrics such as sensitivity (1), specificity (2), and accuracy (3). Statistical analysis was conducted to 
assess the significance of the results and determine the overall performance of the SVM algorithm.

•	 Sensitivity (TPR)=(True Positives)/(True Positives + False Negatives)×100 (1)
•	 Specificity (TNR)=(True Negatives)/(True Negatives + False Positives)×100 (2)
•	 Accuracy=(True Positives + True Negatives)/(True Positives + True Negatives + False Positives + False 

Negatives)×100 (3)

Where TPR is a true positive rate and TNR is a true negative rate.

RESULTS
Among 700 patients, 438 patients who underwent cataract surgery had cystoid macular oedema (NCMO=274) 

or retinal detachment (NRD=164), and NH=262 patients did not have any retinal diseases/complications. The 
dataset consisted of 700 OCT B-scan macular images obtained post-surgery (figure 1), 80 % of them were 
randomly selected for the training of SVM, whereas 20 % of the data were used to test the algorithm (table 1).

Table 1. OCT image dataset for the support vector machine
Condition Total dataset Training 

dataset (80 %)
Test dataset 

(20 %)
Cystoid macular oedema 274 219 55
Retinal detachment 164 131 33
Healthy 262 210 52
Total 700 560 140

The SVM algorithm detected and classified two post-surgical complications based on the OCT images. The 
overall performance of the ML tool in detecting complications was evaluated using different metrics, including 
sensitivity, specificity, and accuracy (table 2).

The results showed that the SVM achieved a sensitivity of 92,5 % in detecting cystoid macular oedema, and 
90,9 % in identifying retinal detachment. The specificity of the algorithm was 90,9 % and 96,2 %, respectively, 
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for these complications. These findings suggest that the ML tool can effectively assist in the early detection and 
classification of retina-related common complications following cataract surgery.

Figure 1. OCT B-scans of cystoid macular oedema (top) and retinal detachment (bottom) after cataract surgery

Table 2. Sensitivity, specificity, and accuracy of the support vector machine in 
detecting post-surgical complications

Metrics Complications

Cystoid macular 
oedema

Retinal 
detachment

Overall

Sensitivity 92,5 % 90,9 % 93,3 %

Specificity 90,9 % 96,2 % 89,6 %

Accuracy 91,7 % 94,1 % 92 %

Furthermore, the ML algorithm demonstrated a high overall accuracy of 92 % (Sensitivity ≈ 93,3 % and 
Specificity ≈ 89,6 %) in correctly identifying and classifying post-surgical complications (figure 2). This indicates 
the potential of ML in providing reliable and objective assessments, reducing the subjectivity and variability 
associated with the manual interpretation of OCT images.

It is important to note that while the ML algorithm showed promising results, there were certain limitations. 
The performance of the algorithm may be influenced by the quality and variability of the OCT images, as well 
as the specific characteristics of the dataset used for training. Additionally, the generalizability of the findings 
to a larger population should be considered.

Overall, the results of this study support the potential of machine learning in enhancing the detection and 
management of post-surgical complications in cataract patients. The use of ML algorithms in OCT imaging can 

 Salud, Ciencia y Tecnología. 2024; 4:.1359  4 



contribute to improved patient care, more efficient diagnosis, and better outcomes in the field of ophthalmology. 
Further research and validation studies are warranted to optimize and refine the ML tool for broader clinical 
applications.

Figure 2. The area under the receiver operating characteristic (ROC) curve (AUC) of the support vector machine in classifying 
post-surgical complications, including cystoid macular oedema and retinal detachment

DISCUSSION
The present study aimed to assess the performance of a machine learning algorithm in detecting and 

classifying post-surgical complications following cataract surgery using OCT imaging. The results demonstrated 
that the SVM achieved significant success in identifying complications such as cystoid macular oedema, and 
retinal detachment.

The integration of ML in OCT imaging offers several advantages over traditional manual interpretation. 
The SVM algorithm showed high sensitivity, specificity, and accuracy in detecting complications, reducing the 
subjectivity and variability associated with human interpretation. This suggests that the ML tool can serve as a 
reliable and objective aid in the early detection and management of post-surgical complications.

The findings of this study align with previous research highlighting the potential of ML in ophthalmology.
(19,20,21,22) ML algorithms can efficiently analyze large volumes of OCT data, extract relevant features, and learn 
patterns associated with different complications.(23,2,42) Scheer and Marcus-Freeman (2019) utilized OCT to 
detect and assess wound leaks or gaps following cataract surgery.(25) The prompt identification and treatment 
of these postoperative complications are crucial for achieving optimal outcomes in patients undergoing 
cataract surgery. By using OCT, clinicians are empowered to make well-informed decisions and provide timely 
interventions, ultimately resulting in improved patient outcomes.

It is crucial to acknowledge the limitations of this study. The retrospective nature of the data collection 
may introduce selection bias and limit the generalizability of the findings to a larger population. Additionally, 
the performance of the ML algorithm may be influenced by the quality and variability of the OCT images used 
for training.(26) Future studies should aim to address these limitations by conducting prospective research with 
diverse patient populations and standardized imaging protocols.

The successful implementation of ML in OCT imaging has significant implications for clinical practice. The ML 
tool can assist clinicians in triaging patients, prioritizing those at higher risk of complications, and allocating 
resources accordingly. Additionally, the automated analysis provided by the ML algorithm can save time and 
effort for clinicians, allowing them to focus on more complex cases and personalized patient care.

Furthermore, the ML tool has the potential to improve access to quality healthcare, especially in resource-
limited settings. By automating the detection and classification of complications, the ML algorithm can bridge 
the gap between ophthalmic expertise and areas with limited access to specialized care. This can lead to 
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earlier interventions, reduced healthcare costs, and improved patient outcomes in diverse healthcare settings.
While the results of this study are promising, further research is needed to optimize and refine the ML 

algorithm. The algorithm’s performance can be enhanced by incorporating larger and more diverse datasets, 
including longitudinal data to assess changes over time. Additionally, ongoing collaboration between 
ophthalmologists, data scientists, and engineers is crucial for improving and validating the ML tool.

CONCLUSIONS 
The integration of ML algorithms in OCT imaging offers a promising solution for the detection and classification 

of post-surgical complications following cataract surgery. The findings of this study underscore the potential 
of ML in improving patient care, enhancing diagnostic accuracy, and advancing the field of ophthalmology. 
Continued research and advancements in ML technology are promising to revolutionize the management of 
cataract surgery and other ophthalmic interventions.
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