RRRRR

World Journal of Advanced Research and Reviews W,

eISSN: 2581-9615 CODEN (USA): WIARAI R Svanced

Cross Ref DOL: 10.30574/wjarr Beaews
WJARR Journal homepage: https://wjarr.com/ o
(RESEARCH ARTICLE) W) Check for updates

Deep learning-based retinal abnormality detection from OCT images with limited
data

Mohammad Talebzadeh 1, Abolfazl Sodagartojgi 2, Zahra Moslemi 3, Sara Sedighi 4, Behzad Kazemi 5 * and
Faezeh Akbari 6

1 Department of Civil and Environmental Engineering, Texas A&M University, USA.

2 Department of Statistics, Rutgers University, USA.

3 Statistics Department, University of California, Irvine, USA.

4Department of Electrical and Computer Engineering, Boise State University, Boise, ID, USA.

> Department of Advanced Data Analytics, Toulouse Graduate School, University of North Texas, Denton, TX, USA
6 Department of Biomedical Engineering, University of Kentucky, Lexington, Kentucky, USA.

World Journal of Advanced Research and Reviews, 2024, 21(03), 690-698
Publication history: Received on 22 January 2024; revised on 29 February 2024; accepted on 02 March 2024

Article DOI: https://doi.org/10.30574 /wjarr.2024.21.3.0716

Abstract

In the realm of medical diagnosis, the challenge posed by retinal diseases is considerable, given their potential to
complicate vision and overall ocular health. A promising avenue for achieving highly accurate classifiers in detecting
retinal diseases involves the application of deep learning models. However, overfitting issues often undermine the
performance of these models due to the scarcity of image samples in retinal disease datasets. To address this challenge,
a novel deep triplet network is proposed as a metric learning approach for detecting retinal diseases using Optical
Coherence Tomography (OCT) images. Incorporating a conditional loss function tailored to the constraints of limited
data samples, this deep triplet network enhances the model’s accuracy. Drawing inspiration from pre-trained models
such as VGG16, the foundational architecture of our model is established. Experiments use open-access datasets
comprising retinal OCT images to validate our proposed approach. The performance of the suggested model is
demonstrated to surpass that of state-of-the-art models in terms of accuracy. This substantiates the effectiveness of the
deep triplet network in addressing overfitting issues associated with limited data samples in retinal disease datasets.
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1. Introduction

Formidable challenges confronting global ocular health emanate from conditions such as drusen, choroidal
neovascularization (CNV), and diabetic macular edema (DME). The irreversible vision impairment prevalent among the
elderly is chiefly ascribed to age-related macular degeneration (AMD), characterized by minute yellow deposits beneath
the retina identified as drusen. CNV, linked to neovascular AMD, entails the aberrant proliferation of blood vessels
beneath the retinal layers. AMD manifests a substantial annual incidence rate in the United States. The accumulation of
fluid in the macula of adults with diabetes mellitus causes vision impairment due to DME, a common complication of
diabetic retinopathy. Diabetic retinopathy can be treated with laser photocoagulation, intravitreal VEGF inhibitors, and
corticosteroid injections to reduce inflammation and edema [42]. To prevent abnormal blood vessel growth and leakage
in AMD, intravitreal anti-VEGF medications are administered [37]. Furthermore, certain situations may call for laser
photocoagulation and photodynamic therapy (PDT). By implementing these interventions, the disease progression is
decelerated, visual acuity is preserved, and further vision loss is prevented [1-2, 21-23, 25,29,33].
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Retinal optical coherence tomography (OCT) is a crucial imaging technique used to capture detailed cross-sectional
images of the retina while the patient is alive. It plays a vital role in diagnosing conditions like drusen, CNV, and DME by
providing detailed and high-resolution retinal images. OCT is particularly useful in carefully analyzing the
characteristics of drusen, detecting changes associated with CNV, and measuring macular thickness as well as fluid
buildup in cases of DME. Despite its advantages, OCT image interpretation introduces subjectivity and variability among
different observers, underscoring the imperative for standardized diagnostic methodologies. Ophthalmologists
encounter challenges in the time-consuming analysis of OCT images, given the multitude of images generated per
patient. The integration of machine learning and deep learning algorithms holds substantial promise in enhancing
diagnostic precision through the scrutiny of OCT images. Additionally, OCT imaging has shown great potential in early
detection and monitoring of various types of ocular cancers, paving the way for improved treatment outcomes and
patient care [16-20,28,30,36,41].

Trained to identify intricate patterns linked to ocular conditions like drusen morphology and CNV-related changes,
these algorithms enhance precision and reliability in detection. By undergoing rigorous training, they effectively
address the challenges arising from subjectivity and variability in the interpretation of OCT images. This transformative
capability positions artificial intelligence [39], particularly machine learning and deep learning algorithms, as powerful
tools for refining the diagnostic accuracy of OCT imaging [1-2]

Recently, there has been a noticeable surge in the utilization of deep learning models for the analysis of medical imaging.
Deep neural networks, operating as end-to-end learning models, demonstrate the ability to automatically extract
features from medical images [3-4,32, 38,40]. Notably, deep learning algorithms have been increasingly applied to the
categorization of OCT images. Various convolutional neural networks, including Inception V3, have been adapted for
the classification of OCT images into four distinct classes: CNV, DME, Drusen, and Normal (Figure 1)[5]. Ensemble
learning methods, leveraging ResNet152, have also been employed for this purpose [6]. Additionally, a modified
ResNet50, combined with ensemble learning techniques, has been utilized to classify OCT images within the same
predefined categories [7]. To train OCT images in these classes, a combination of image normalization and the VGG16
network has been applied [8]. In specific applications, four separate binary classifiers based on ResNet101 have been
trained to discriminate cystoid macular edema, macular hole, epiretinal membrane, and serous macular detachment
from OCT images [9]. It is noteworthy that, in the training of these convolutional neural networks, pre-trained weights
derived from the ImageNet dataset have commonly served as initial weights or feature extractors [24,26,31]. These
weights, obtained through the extensive training of image datasets, offer a valuable starting point for OCT image
classification tasks.

DME DRUSEN NORMAL

¥

)Q“JM‘-—.* ————— “"“J‘ -"[L ’L r‘ M“—ﬂv-.‘-—aﬂ-""‘_

Figure 1 Representative Optical Coherence Tomography Images

In the realm of deep neural networks, a considerable amount of training data is typically demanded, presenting
challenges when a wealth of examples is not readily available. In instances of limited data, the application of few-shot
learning has been made use of to facilitate training with only a minimal number of examples. Through these algorithms,
models can be effectively trained with just a few instances per class, enabling adaptation to unfamiliar categories
without necessitating extensive retraining. Few-shot learning pursues two primary objectives: the establishment of
robust generalization capabilities for new examples and the achievement of high accuracy, even when confronted with
extremely limited data. Notably, metric learning has evolved into deep feature embedding networks utilizing measures
such as Euclidean or cosine distance for comparisons between images. At the heart of the deep Triplet network lies a
critical component: the loss term, which quantifies distinctions between images. The contrastive loss function, initially
introduced to calculate the distance between two feature embeddings, aims to minimize the distance between pairs of
images from the same class while simultaneously maximizing it between pairs from different classes. Subsequently, the
Triplet loss function has emerged as one of the most widely adopted in deep Triplet networks. It is computed based on
a triplet of samples—an anchor, a positive, and a negative data point—to reduce the distance between the anchor and
the positive sample while increasing the distance between the anchor and the negative sample. The primary
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contribution of this paper lies in the utilization of an enhanced Triplet deep neural network that incorporates a
conditional loss, specifically employing the penalty-reward approach for the analysis of Optical Coherence Tomography
(OCT) images. Our contributions in this paper encompass:

e Anovel approach is introduced through the utilization of a deep Triplet network, where a new loss function is
incorporated. The calculation of distances between the embedding features within the deep Triplet network is
significantly influenced by this loss function. Through this enhancement, the network's capacity to discriminate
and classify Optical Coherence Tomography (OCT) images is effectively elevated based on the relationships
among their embedded features.

e A comprehensive experimental phase is undertaken in our study, wherein we apply our conditional Triplet
network to a well-established public Optical Coherence Tomography (OCT) dataset. This dataset is widely
recognized for its diverse compilation of retinal abnormalities, encompassing conditions like drusen, choroidal
neovascularization (CNV), and diabetic macular edema (DME).

2. Material and methods

2.1. OCT Dataset

In this experimental study, we utilized an OCT dataset [10] sourced from publicly available data collected between 2013
and 2017 from five different institutes. The dataset comprises a total of 84,000 X-ray images, exhibiting a diversity of
retinal conditions categorized into four distinct classes: the CNV class for choroidal neovascularization, the DME class
for diabetic macular edema, the Drusen class highlighting the presence of drusen deposits, and the Normal class
signifying cases where the retina exhibits normal characteristics. Although the dataset contains 84,000 images, we chose
to work with a subset of this dataset for our model's training and evaluation in the case of limited data. This measured
selection ensures a fair and consistent representation across all categories during both the training and evaluation
phases.

2.2. Deep Triplet Network

In crafting our innovative neural network architecture, we introduce the Siamese deep neural network, a dual system
comprising identical convolutional neural networks working in tandem [11, 27]. This unique design empowers the
network to jointly process pairs of images, facilitating an intricate understanding of the interrelations between the
features inherent in each image. These twin networks share identical structural designs, weights, and parameters,
ensuring a synchronized learning process. The final layers of these networks produce distinctive feature embeddings
for every input image. To evaluate the similarity between these feature embeddings, we employ the contrastive loss
function. This function becomes the linchpin in our assessment mechanism. When the calculated distance between the
feature embeddings falls below a predetermined threshold, it indicates that the two input images belong to the same
class. Conversely, if the distance exceeds this threshold, it is a clear indicator that the two images belong to different
classes. This innovative Siamese deep neural network architecture stands as a testament to our commitment to
advancing the field of image processing and pattern recognition.

Building upon the Siamese network concept, the Deep Triplet network [12] introduces a novel approach by taking a
triplet of samples as input, going beyond the traditional two-image setup. In the context of this study, the foundational
architecture of our model is rooted in VGG16. The VGG16 [13] architecture consists of 13 convolutional layers, 5 max-
pooling layers, and 3 fully connected layers, totaling 16 layers with adjustable parameters. This includes 13
convolutional layers and 3 fully connected layers. The initial block starts with 64 filters, and this count progressively
doubles in subsequent blocks until reaching 512. It's important to note that our Triplet Network deviates from the VGG
architecture by excluding the fully connected layers present in the original VGG16 design. Figure 2 illustrates the VGG16
architecture used in our study. This modification underscores our commitment to tailoring the network architecture
for optimal performance in the context of triplet-based learning.

Shifting from the conventional deep Siamese network, a breakthrough has emerged with the Triplet network, where
the Triplet loss has been identified as a key factor in elevating network performance. This pioneering approach
introduces a triplet of input samples—consisting of an anchor, a positive, and a negative—which is then subjected to
the Triplet loss. In this novel configuration, the anchor and positive samples share a common class, while the negative
sample carries a distinct label. As these three samples traverse the network, their respective features are delineated in
the final layer. Within the embedding space, the primary objective is to ensure proximity for images of the same class,
resulting in well-defined and separate clusters [34,35]. The paramount goal is to facilitate the embedding of two
examples with the same label in proximity within the embedding space, while concurrently maintaining a significant
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distance between two examples with different labels. It is essential to underscore the precision required in the sample
selection process, guaranteeing that the negative sample is positioned at a considerable distance from the positive
sample by a predefined margin. This meticulous approach ensures the Triplet network's effective learning and
discrimination capabilities, marking a paradigm shift in network architectures.
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Figure 2 The Architecture of VGG16

2.3. Conditional Triplet Network

In the training phase of the deep Triplet network, a strategy of random sampling is employed for selecting triplet
samples as inputs to the network. While random sampling proves computationally more efficient compared to more
sophisticated methods, it does come with potential drawbacks such as slower convergence and the risk of being trapped
in local optima. The standard Triplet loss faces a fundamental challenge in its uniform treatment of all triplets. To
overcome this limitation, a conditional Triplet loss is implemented in our approach. This modified version introduces a
penalty term for underperforming triplets and simultaneously provides rewards to triplets that satisfy the optimal
condition (Figure 3) [14]. This adaptive strategy enhances the training process by offering more nuanced feedback to
the network, fostering faster convergence and mitigating the risk of entrapment in local optima.
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Figure 3 Our Selected Model

The significance of random sampling becomes apparent in the creation of diverse scenarios involving anchor, positive,
and negative samples. Among these constructed triplets, the Triplet network prioritizes certain cases over others.
Specifically, the network tends to favor samples that accelerate the convergence rate during training, while
encountering difficulties with the worst triplets that hinder the network's training effectiveness. In situations identified
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as the worst, the network's weights are updated inaccurately, leading to suboptimal training outcomes. To tackle this
issue, our method involves identifying both the worst and best triplets. The worst-case occurs when the positive sample
is positioned far from the anchor sample. Consequently, we introduce a penalty term to the Triplet loss function to
mitigate the impact of these worst triplets, labeled as W, in the loss function. Conversely, the best-case scenario arises
when the distance falls within a specific small range, not significantly larger than zero, referred to as 7B,[14]. In essence,
the conditional loss function accommodates the standard Triplet loss for regular triplets, while worst and best triplets
are handled differently as described above.

Varied samples combinations are generated through the process of random sampling within triplets. Within this set,
two specific scenarios carry notable significance. Network convergence during training is expedited by the Triplet
network's preference for samples that prove conducive to this process. Conversely, the worst triplets pose a challenge
by potentially hindering training through incorrect weight updates. In cases deemed as the worst, where the positive
sample significantly distances itself from the anchor, a resolution is implemented by introducing a penalty term to the
Tripletloss, denoted as 7W,. On the contrary, the best-case scenario manifests when the distance between samples falls
within a specific small range, not significantly greater than zero, represented as 7B, [14]. To summarize, the conditional
loss distinguishes between the standard Triplet loss for regular triplets and the approach applied to the worst and best
triplets, which are calculated as follows.:

dis(xZ,xZ) + dis(xZ, xZ

loss(TW,) = Max [dis(xg,xzf) —dis(xZ,xt) + m, 0] + ax [ ( 2 p) > (xe, xn) (D
dis(xZ,xZ) — dis(xZ, x2

loss(TW,) = Max [dis(xZ,x%) — dis(xZ,xZ) + m,0] — a x[ (xé, %) 5 (xe n)] R 7))

As depicted in Figure 3, a triplet comprising an anchor, positive, and negative sample is simultaneously processed by
three VGG16 networks, all possessing identical structural configurations. Each network produces embeddings for its
corresponding samples. Subsequently, VGG16 undergoes training based on conditional loss.

3. Results and discussion

3.1. Parameter Setting

The implementation of the proposed conditional network in this study is carried out using Keras. All experiments are
executed on an 8-core PC equipped with an i7-6900 processor operating at 3.8GHz and 16GB of RAM. A fixed margin of
0.2 is employed, random sampling is utilized, and the network undergoes training for 500 epochs. For experimentation,
the OCT public dataset is employed, categorized into four classes: "Normal,” "CNV," "DME," and "Drusen." Given the
diverse sizes of images in the OCT dataset, normalization and image dimension scaling are performed to adapt the
dataset to the required dimensions. In this research, 80% of these images are allocated for training and validation, while
the remaining 20% are reserved for the testing dataset.

3.2. OCT Images Recognition

3.2.1. Experiments

As previously stipulated, the network facilitates the processing of three input images, each emblematic of distinct
classes of retinal abnormalities, and orchestrates the generation of corresponding feature embeddings for each input. A
pivotal step in this procedural paradigm involves the computation of the Euclidean distance between these generated
feature embeddings. The overarching objective is to minimize this distance for paired images belonging to the same
class and, conversely, maximize it for images originating from disparate classes. Consequently, the imposition of a
predetermined threshold becomes imperative, affording the network the capacity to adjudicate class similarity:
instances where the distance falls below the threshold imply a shared class designation.

In this investigative inquiry, the threshold is judiciously calibrated to uphold a False Positive Rate below 10e-3. Post the
execution of the Siamese network employing the conditional triplet loss, sensitivity (recall) is scrutinized, quantifying
the accurate identification of true positives. Sensitivity achieves its zenith at 89.4%. Subsequent juxtaposition of select
test images with a reference image from each class reveals conspicuous patterns: the minimal Euclidean distance
between test images and another image of the same class signifies close structural congruence. For instance, in the
context of a test image affiliated with "CNV" (featured in the inaugural row of Figure 4), the Euclidean distance to an
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intraclass sample approximates 1.8e-2, while the distances to interclass samples soar significantly, approximating
3.69e+1 and 3.20+1.

3.2.2. Ablation Study

A simulation was conducted to assess the performance of the Triplet network proposed for recognizing Retinal OCT
images. In this ablation study, we systematically examined the impact of each component on the network's overall
performance. The simulation results unequivocally indicate that the proposed triplet loss method outperforms
alternative approaches. Table 1 presents the modified Triplet loss excels beyond both the basic loss and the Siamese
network in terms of sensitivity. Sensitivity (recall) is calculated as follows:

Number of True Possitives

Recall = R (£
eca Number of True Possitives + Number of False Negatives ®

3.3. Retinal Diseases Classification

The OCT dataset was utilized for the classification of Retinal diseases. The distribution of samples for each class is
presented in Table 2. Instead of using all images, a portion of the dataset was employed. In this section, a predictive
model for multi-class classification is implemented using an advanced deep Triplet network. Applying the proposed
model to the selected OCT images yields an impressive overall accuracy of 92.81%.

CNV DME Drusen

Test Image 1.82e-2 3.69e+1 3.20e+1

from CNV class

Test Image
fro_m DME class

Test Image CNV DME Drusen
from Drusen class 4.72e+0 1.83e+1 6.51e-1

CNV
7.44e+1

Drusen
5.19e+1

Figure 4 Some examples of the results

The performance of the proposed model is systematically contrasted with various established deep-learning models
used in the classification of Retinal Diseases. These include DenseNet [15], InceptionV3 [5], Resnet152 [6], and
ResNet50 [7], all of which have made substantial contributions to computer vision and image recognition. DenseNet,
characterized by its densely connected convolutional networks, stands out for fostering dense connectivity, where each
layer directly interacts with every other layer, facilitating feature reuse and efficient learning. InceptionV3, known for
its inception modules, enables the network to capture features at multiple scales through parallel convolutional
operations. Resnet152 and ResNet50, integral to the ResNet (Residual Network) family, introduced skip connections or
residual blocks to mitigate the vanishing gradient problem, thereby enabling the training of significantly deeper
networks. These models excel in both accuracy and depth. The experimental results demonstrate a clear superiority of
the conditional triplet model over alternative approaches. Table 2 delineates the accuracy achieved by various models,
with our proposed model notably outperforming others. It effectively addresses overfitting concerns, and enhances
generalization, particularly on smaller datasets. It is crucial to note, however, that varying sample sizes may yield
divergent outcomes. The accuracy of the model is computed as follows:
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True Negatives + True Possitives
True Negatives + False Positives + False Negatives + True Possitives = """

Accuracy =

N0

Table 1 Results of an ablation study showing the recall (sensitivity) metric for the recognition task achieved by the
selected model

Method Recall (Sensitivity)
Siamese Net 72.28 +£0.00010%
Triplet Net 78.62 = 0.0035%
Triplet loss with penalty Net 87.66 + 0.0030%
Triplet loss with penalty & reward Net [ 89.4 + 0.0064%

Table 2 Comparison of model’s accuracy with state-of-the-art techniques for Retinal diseases classification

Method Model Accuracy

Islametal. [15] |DenseNet |92.64%

Kermany et al. [5] | InceptionV3|90.37%

Kim et al. [6] Resnet152 [91.86%
Lietal. [7] ResNet50 [91.48%
Our proposed VGG16 92.81 %

4. Conclusion

This research addresses the challenge posed by limited data in the analysis of Retinal diseases using OCT images by
implementing an advanced deep Triplet network. The model proposed incorporates a modified Triplet loss, accounting
for both worst and best triplets. Subsequently, Retinal OCT images undergo classification into four classes for Retinal
disease using the model. Drawing inspiration from VGG-16, the foundational architecture of our model is established.
Simulation results are executed on a public OCT dataset, and a comparative analysis is conducted against existing state-
of-the-art methods. The outcomes reveal the superior performance and accuracy of the proposed model, indicating its
significant advantage over others in terms of accuracy.
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