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Abstract: Cardiovascular disease is one of the primary global health issues since it leads to the death of millions of 

people each year worldwide. To advance the treatment outcomes and alleviate the resulting health care pressure, an 

early diagnosis plays a vital role. We review in this paper whether the VGG-16 model, specifically one of CNN 

architectures, may be used to detect CVD automatically with the help of the analysis of medical images. VGG-16 

exploits a deep, sequential arrangement by employing small 3x3 convolutional filters to obtain a fully connected 

configuration capturing fine spatial detail in echocardiogram images, MRI images, and CT scan images for identifying 

patterns in cardiovascular illnesses that traditional methods cannot match. This investigation further points to the 

dataset pre-processing technique that has the capacity of enhancing generalization, with regard to model explanations 

for its prediction and crucially significant for its adoption in a clinical setting. These results ultimately prove that the 

VGG-16 model is a potentially sound early CVD detector tool and a promising addition to diagnostic practices, 

especially in contexts with limited access to healthcare professional expertise. The current review contributes to the 

growing body of literature on the role of deep learning in medical imaging and advocates for the incorporation of AI 

technologies into routine clinical workflows for enhanced patient care. 
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1. INTRODUCTION 

 

Cardiovascular disease (CVD) is one of the most common causes of death in the world, with millions of deaths 

annually. Early detection and diagnosis of CVD are critical to improving patient outcomes, reducing mortality rates, 

and implementing timely interventions. Advances in deep learning and computer vision, particularly Convolutional 

Neural Networks (CNNs), have transformed medical imaging analysis, enabling automated detection and classification 

of complex diseases such as CVD with impressive accuracy. Of all the CNN-based architectures popularized in 

medical imaging, the VGG-16 model has been the most successful tool because of its deep, sequential structure that can 

capture detailed spatial features from images. This paper looks at the application of the VGG-16 model for the 

automated detection of CVD to check whether it can enhance the accuracy of diagnosis and aid in clinical decision-

making [1-7]. 

This model was originally, however, developed by Visual Geometry Group of the University of Oxford and has ever 

since proved itself to be simple, yet very efficient for complex problems in the area of image classification. It consists 

of a total of 16 layers of weights, dominated by convolutional layers supplemented with fully connected ones, able to 

extract sophisticated features from any input image. This helps it achieve a high value while keeping computational 

complexity manageable when dealing with large-scale images for applications in medical image analysis, such as this 

study which trains the VGG-16 model on data labelled with various types of CVD and learns the patterns associated 

with the different kinds of structural or functional impairments of cardiovascular organs and their blood vessels related 

to early diagnosis [8-13]. 

Availability of large high-quality datasets is a prime requirement for the success of CNNs like VGG-16 in medical 

imaging, and for CVD detection usually consists of annotated images based on echocardiograms, MRI, or CT from 

radiologists forming the bases for model training and validation [14-17]. The network is trained on the images with a 

VGG-16 model such that it could distinguish the healthy and diseased state with high precision, probably even better 

than the manual diagnostic methods. The paper further focuses on the pre-processing steps that should be taken in a 

dataset: normalization and augmentation to make the model generalize to different kinds of patient data and different 

imaging conditions [18-23]. 

Besides the VGG-16 model performance, this study goes further with testing the interpretability of this model's output 

because explain ability is crucial within this clinical domain: there need to be clear, dependable mechanisms by which 

providers have clear, reliable explanations regarding exactly how the model makes the predictions they do for one to be 

confident and trusting enough to integrate such results in clinical practice. This study utilizes techniques such as Grad-
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CAM, Gradient-weighted Class Activation Mapping, in order to visualize the regions of the image on which the VGG-

16 model focuses during the detection process. Grad-CAM can provide insight into the decision-making process of the 

model, thus enabling clinicians to understand the basis for the diagnosis made by the model and thereby increase trust 

in the automated system [24-29]. 

These overall researches lead to verification of the practicality and reliability of using the model VGG-16 and making it 

reliable and readable in early disease diagnosis - cardio diseases. As deep learning continues to continue, this study 

contributes yet another chapter to the swelling knowledge base on the impact of CNNs in elevating healthcare, laying 

an important foundation for future investigations into how AI-driven diagnoses can be integrated into current clinical 

practice for CVD and beyond [30-36]. 

 

2. OVERVIEW OF CARDIOVASCULAR DISEASE DETECTION METHODS 

 

Cardiovascular diseases encompass a wide range of conditions that affect the heart and blood vessels, causing extensive 

morbidity and mortality. An early diagnosis and accurate confirmation play an important role in successful 

management and treatment of the condition. Several methods of diagnosing cardiovascular diseases have been 

developed, each with certain benefits, drawbacks, and specific clinical uses. Overview: Most applied techniques and 

mechanisms, clinical relevance, and the role of new technologies like deep learning for detection [37-41]. 

❖ Clinical Assessment 

Cardiovascular disease is quite often diagnosed based on a good clinical examination first. This may involve carefully 

taking a history from a patient and carrying out the appropriate medical examination. A physician generally examines 

risk factors like hypertension, diabetes, tobacco use, and family histories-all of which are precursors to cardiovascular 

disease or perhaps indicators of the disorders [42-47]. Physical examination may, for instance, reveal an abnormal heart 

murmur and abnormal heart sounds or indicate peripheral edema, all of which are signs of cardiovascular disease or 

disorders. An essential symptom assessment helps because most patients come with classic symptoms of chest pain, 

shortness of breath, palpitations, and the feeling of being exhausted or tired. It is with respect to their presence, 

severity, and duration that helps a clinician direct further testing for or against it to mold an overarching approach in 

caring for any patient. 

❖ Electrocardiogram (ECG) 

An electrocardiogram is a commonly used tool which records the electrical activity of the heart over time. Its critical 

insights into heart rhythm, size, and functionality make it fundamental in cardiology diagnostics. ECGs are very 

important for various cardiac abnormalities such as arrhythmias, myocardial ischemia, and infarction. Furthermore, 

some of the deviations of the basic ECG are Holter monitoring, which captures the recording over a period of 24 hours; 

it is useful for detection of transient abnormalities not readily observed in a routine test. Although ECGs are very 

valuable, they have their limitations as well: even when it is taken with extreme precision, it may not reveal all the 

subtle abnormalities; thus, its interpretation should come from a skilled clinician [48-53]. 

 Stress Testing 

Stress testing tests the heart function under physical exertion. These can be performed through either exercise-mostly 

on a treadmill-and pharmacological agents for patients who cannot exercise. This method is very useful in identifying 

exercise-induced ischemia, assessing exercise capacity, and evaluating the effectiveness of therapeutic interventions. 

Although stress tests are helpful, they also have disadvantages; false positives can occur, which sometimes lead to 

further testing being unnecessary. Furthermore, stress tests are not suited for everyone, especially people with severe 

mobility problems or severe underlying diseases [54-58]. 

❖ Cardiac Imaging Techniques 

There are various cardiac imaging techniques used to elucidate the anatomy and physiology of the heart. 

• Computed Tomography Angiography: This is a non-invasive imaging test that helps view blood vessels and 

assess the risk of having coronary artery disease.   

• Magnetic Resonance Imaging: It utilizes magnetic fields and radio waves to create detailed images of the 

heart, making it a tool for the assessment of myocardial viability and for the detection of myocardial infarction and 

cardiomyopathies  [59-65]. 

❖ Biomarkers and Blood Tests 

Biomarkers and blood tests are used in the identification and management of cardiovascular disease. Some of the 

frequently used biomarkers include troponin, natriuretic peptides such as BNP, and lipid panels.   However, because of 

the susceptibility of biomarkers towards many factors that may possibly be present in various conditions, their 

interpretation usually calls for a careful clinical setting, and their use doesn't provide an isolated assessment of the 

cardiovascular health of a patient [66-73]. 

❖ Emerging Technologies and Machine Learning 

The integration of artificial intelligence and machine learning, in particular deep learning algorithms, is beginning to 

mold the new landscape of detecting cardiovascular diseases. Advanced models including VGG-16 Convolutional 
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Neural Network can now scan medical images, for instance, ECG and echocardiography for accurate abnormality 

detection. These technologies are able to automate the process of detecting disease, eliminate human mistakes, and 

potentially identify very subtle patterns missed by the traditional means of diagnosis. Some challenges will need to be 

overcome for their effective deployment, for instance, massive annotated data will be needed for an efficient training 

model, potential concerns about AI models as black boxes in terms of their interpretability, validation within clinical 

settings to check reliability and safety [74-81]. 

The diagnosis of cardiovascular diseases has progressed from simple clinical examination to high-resolution imaging. 

All diagnostic techniques have strengths and weaknesses, which highlights the need for a more comprehensive 

approach to disease diagnosis. Advances in machine learning and AI-based emerging technologies might eventually 

help in better detection with better outcomes. These innovations will find a place in the management and detection of 

cardiovascular diseases that may herald better times for interventions in the future [82-87]. 

 

Table 1: Comparative Analysis of Deep Learning Models in Medical Diagnostics. 

 

Reference  Advantages Dataset Implementation 

Khan et al. 

(2021) [77] 

High accuracy of DL over ML; CNN 

excels in image-based diagnoses, 

autonomously extracts intricate 

patterns 

Medical data SVM, NN, and CNN for disease 

classification; CNN outperforms in 

complex, image-based diagnoses 

Kiliçarslan 

(2023) [78] 

PSO+GWO hybrid optimization 

improves CNN accuracy, reduces 

computational cost 

Cardiovascular data PSO+GWO hybrid approach to 

optimize CNN hyperparameters for 

cardiovascular disease detection 

Lachmann et 

al. (2022) 

[84] 

Transfer learning with VGG-16 

enables fast, resource-efficient 

analysis for complex cardiovascular 

patterns 

Ultrasound images 

(heart) 

Pre-trained VGG-16 CNN model for 

feature extraction and unsupervised 

classification of aortic outflow 

profiles 

Lu et al. 

(2021) [85] 

Dilated CNN architecture allows fine-

grained feature capture, critical for 

cancerous tissue localization 

Lung cancer imaging 

data 

Dilated CNN based on VGG16 for 

lung cancer detection, enhancing 

feature capture without added 

parameters 

Martins et 

al. (2021) 

[92] 

Video-based DL model captures 

dynamic, progressive changes, 

providing high diagnostic accuracy 

for rheumatic heart disease 

Echocardiographic 

videos 

Video-based DL approach to analyze 

temporal heart patterns for automated 

rheumatic heart disease diagnosis 

Mohana et 

al. (2022) 

[93] 

IoT-CNN integration allows 

continuous remote monitoring and 

real-time diagnostics, aiding chronic 

disease management 

IoT healthcare data IoT framework combined with CNN 

for real-time monitoring and 

diagnostic alert system, enhancing 

remote healthcare 

 

3. EVOLUTION OF CONVOLUTIONAL NEURAL NETWORKS (CNNS) 

 

Convolutional neural networks are a class of deep models especially suitable for handling complex visual data, 

therefore having unique utility in image classification or recognition or segmentation tasks. CNNs are a hierarchical 

architecture model based on the visual processing mechanisms within the human brain. This architecture enables the 

CNNs to learn representations at multiple resolutions of scale-from very coarse edge and texture representations up to 

highly detailed shape and object descriptions. In contrast to fully connected neural networks, the CNNs make use of 

convolutional layers where filters or kernels are slid across the image to detect spatial hierarchies based on local 

relationships between pixels. This reduces the computational load by focusing its attention solely on important features, 

rather than processing the whole image pixel-wise[88-93]. 

CNNs can be expected to have one or more layers of various types such as convolution, pooling, and fully connected 

layers. Convolutional layers are at the heart of all CNNs; they allow feature maps that highlight various patterns to be 

produced using filters slid over the images. Pooling layers occur after the convolutional layer; these down-sample such 

feature maps, reducing dimensionality but retaining the crucial information in them, preventing overfitting and thereby 

improving the efficiency of computation further. These features are then taken into the fully connected layers that 

appear at the end of the network to do the final classification or regression task. This layered approach enables CNNs to 

automatically learn the refinement of feature detection during training, which in turn causes the network to have a high 

accuracy in different visual tasks [94-97]. 
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The ability to automatically learn from data makes CNNs the most successful machine learning algorithms and models 

developed to date with regard to identifying patterns within complex data related to the visual context. They can be 

described as the pioneers in certain areas, particularly computer vision, medical imaging, or autonomous driving 

applications. What they have developed in using them for diagnosis, such as the identification of tumors, a means of 

recognizing cardiovascular disease, or explaining radiological images, have been monumental steps in a field where 

extremely accurate and high-speed assessments give clinicians the appropriate basis from which to base their informed 

decisions [98-103]. 

 
Figure 2: Overview of Convolutional Neural Networks (CNNS). 

 

3.1. Structure and Function of CNNs in Image Analysis 

CNNs are thus structures specifically mimicking and drawing inspiration from the human eye while processing visual 

data. Simply put, CNNs can be defined as a series of several layers that reduce in size spatially, but carry only the 

relevant features towards final analysis. Each layer type has an inherent role of progressive refinement of information 

from the input image that the model captures through the network. 

1. Input Layer 

Input CNN layers, the input will need to be an image whose dimensions are actually one three-dimensional matrix 

given by height, width and color channels-RGB. This input is normally normalized and pre-processed in order to 

enhance feature detection by improving the accuracy of the model. 

2. Convolutional Layers 

There exist fundamental layers named Convolutional Layers in a CNN. They are defined for the automatic detection of 

major features such as edges, texture and shape. Such layers will take small filters also named as kernels that move 

over the input matrices or the image so that the mathematical operation known as the convolution can be taken in place 

[104-107]. 

3. Activation Function (ReLU) 

After convolution, the Rectified Linear Unit (ReLU) activation function is typically applied in order to introduce non-

linearity into the model.   

4. Pooling Layers 

Pooling layers - typically max pooling - reduce spatial dimensions of feature maps. This down samples data, hence 

making the network more efficient and robust. Pooling layers retain only the maximum information within each small 

region by choosing the maximum value within that small region in case of max pooling.  [108-113]. 

5. Fully Connected Layers 

This is done by flattening feature maps and feeding them into fully connected layers where each neuron is connected to 

every neuron in the previous layer. This part of the network is essentially an ordinary neural network, processing high-

level features extracted by the convolutional layers and the pooling layers to make the final classification or prediction. 

6. Output Layer 

The output layer is the last layer from where the network generates the outputs it produces. With images mainly for 

classification work, such a layer primarily requires applying the SoftMax activation function that gives one's respective 

probability to different classes as to which particular class would be assigned more as having high confidence values 

toward classification of the image submitted to the research work [114-119]. 

3.2. Function of CNNs in Image Analysis 

The CNNs are the ones that have great strengths in image analysis due to the hierarchical representation that can allow 

for the progressive detection of increasingly complex visual features. It can capture basic edges and textures with the 
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earlier layers and extract more abstract representations such as shapes and patterns using the deeper layers. With such 

hierarchical structures, CNNs can succeed in high accuracy and efficiency in performing tasks in image classification, 

object detection, and image segmentation tasks.  The structure and function of CNNs allow the model to learn essential 

features from the massive amounts of visual data without manual feature extraction; thus, CNNs are extremely 

effective and widely applied in applications such as facial recognition, autonomous driving, and medical diagnostics, 

where the correct and fast analysis of visual information is of prime importance[120-124]. 

 

4. VGG-16 MODEL ARCHITECTURE 

 

The VGG-16 architecture is a deep architecture from a convolutional neural network, which was proposed in 2014 by 

the Visual Geometry Group at the University of Oxford. It attracted popularity mainly because of the simplicity and 

ability to effectively act on datasets like ImageNet-it achieved high precision in such classification tasks. The model 

contains 16 layers of weights, thereby calling it "VGG-16." The philosophies behind this design are small 

convolutional filters throughout the network, meaning very minimal size (3x3).   

The architecture of VGG-16 is organized in the form of a chain of convolutional blocks, wherein every block consists 

of some consecutive layers of convolutions and one max-pooling layer. In this manner, the first two blocks are 

composed of two consecutive layers of convolutions followed by max-pooling.  These are carried out to reduce spatial 

dimensions in the feature map so that this can curtail computational complexities and hence prevent overfitting by 

doing progressive summarizations of these features. This layout of five convolutional blocks leads to very high-level 

feature representations[125-127]. 

Following the convolutional blocks, VGG-16 comprises three fully connected (FC) layers. Both the first two fully 

connected layers have 4096 neurons along with the use of ReLU activation functions to capture features learned in the 

convolutional layers and perform higher-level more complex decision-making. The final layer is a SoftMax layer with 

1000 nodes. This layer has been designed to output a probability distribution over the 1000 classes in the ImageNet 

dataset. The activation of SoftMax helps in interpreting the output as class probabilities, and hence every input image 

can be classified under one of the target categories.   

The main advantage of VGG-16 is the usage of small filters (3x3) stacked in a deep configuration, thus enabling it to 

learn fine-grained and hierarchical patterns across images while keeping the number of parameters manageable as 

compared to larger filter sizes. It had very high depth and quite a number of parameters such that its computing and 

memory can become very demanding, leading to slow training and inference speeds on standard hardware.   

 
Figure 3: The Architecture of VGG16 Model. 

 

4.1. Structure of the VGG-16 Model 

This model, VGG-16, is a deep convolutional neural network architecture. Its elegance for image-classification tasks 

arises from its simplicity and uniform architecture. Here below, the architecture is further elaborated in detail from one 

layer to the other in terms of how components function together for image processing effectively. 

1. Input Layer 

VGG-16 takes its input images as 224 x 224 pixels, having three color channels in RGB. This has a fixed input size so 

that consistency could be obtained over architecture for running and testing the model. 
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2. Convolutional Layers 

The VGG-16 architecture has at its core 13 convolutional layers, all of which utilize small 3x3 filters. Convolutional 

layers apply the following steps: 

• Convolution Operation: Each filter moves over the input image (or the output from the previous layer) and 

performs a convolution operation. Using small filters allows for more nonlinearities and possibly capture complex 

features while maintaining a reasonable parameter count. 

• Activation Function: The ReLU (Rectified Linear Unit) activation function is applied after each convolution 

operation. This non-linear function introduces non-linearity into the model, enabling it to learn more complex patterns 

[128-131]. 

3. Pooling Layers 

This is aimed at reducing the spatial dimensionality of the feature maps so as to reduce overfitting. 

• Max-Pooling Layer: After every 2 convolutional layers or so, a 2x2 max-pooling layer with stride 2. This 

layer selects the max value from each patch in the feature map and so down samples the spatial dimension by half. 

4. Structure Breakdown 

The architecture of VGG-16 can be structured into five main blocks of convolutional layers interleaved with max-

pooling layers, as shown below: 

• Block 1: 

o 2 Convolutional Layers: Each with 64 filters of size 3x3 

o 1 Max-Pooling Layer: 2x2 with stride 2 

• Block 2: 

o 2 Convolutional Layers: Each with 128 filters of size 3x3 

o 1 Max-Pooling Layer: 2x2 with stride 2 

• Block 3: 

o 3 Convolutional Layers: Each with 256 filters of size 3x3 

o 1 Max-Pooling Layer: 2x2 with stride 2 

• Block 4: 

o 3 Convolutional Layers: Each with 512 filters of size 3x3 

o 1 Max-Pooling Layer: 2x2 with stride 2 

• Block 5: 

o 3 Convolutional Layers: Each with 512 filters of size 3x3 

o 1 Max-Pooling Layer: 2x2 with stride 2 

5. Fully Connected Layers 

After the final pooling layer, the output feature map is flattened and passed to three fully connected (FC) layers: 

• First Fully Connected Layer: 4096 neurons 

• Second Fully Connected Layer: 4096 neurons 

• Third Fully Connected Layer: 1000 neurons (corresponding to the 1000 classes in the ImageNet dataset) 

6. Output Layer 

The final layer is SoftMax, which transforms the output of the last fully connected layer to a probability distribution 

over 1000 classes. Because the outputs of the SoftMax function add up to one, this layer can be viewed as class 

probabilities [132-135]. 

7. Summary of Parameters 

In total, VGG-16 contains approximately 138 million parameters. This can be expected, since the major contribution is 

from fully connected layers, which keep most of the weights. The depth and parameter count enable the network to 

learn rich feature representations, which is important to classify images accurately. 

Comparison with Other CNN Architectures 

VGG-16 is a pioneering design but was highly effective and one in a sea of other CNN architectures, all having distinct 

characteristics and strengths. A detailed comparison between VGG-16 and some prominent CNN architectures such as 

Alex Net, ResNet, Inception, and Mobile Net is provided below: 

 

Table 2: Summary of Comparison 

 

Architecture Year 

Introduced 

Top-5 Error 

Rate 

Key Features Strengths 

AlexNet 2012 15.3% 5 convolutional layers, large 

filters 

Simplicity, speed in 

training 

VGG-16 2014 7.3% 16 layers, small 3x3 filters High accuracy, 

effective feature 
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extraction 

ResNet 2015 3.57% Deep architecture with skip 

connections 

Very deep networks 

without degradation 

Inception 2014 6.67% Multi-scale features via 

inception modules 

Efficient computation, 

multi-scale capture 

MobileNet 2017 Competitive Depth wise separable 

convolutions 

Lightweight, real-time 

applications 

 

VGG-16 is the most basic model in the landscape of deep learning architectures. It is well known for its depth and 

effective feature extraction capabilities. It provides many advantages, especially when using transfer learning compared 

to more recent architectures such as ResNet and Inception, which provide more accuracy, efficiency, and capabilities. 

Ultimately, the choice depends on the application requirements such as computational resources, the accuracy required, 

and the environments of deployment [136-139]. 

 

5. CONCLUSION 

 

The exploration conducted in this work regarding the deployment of VGG-16 as an application for cardiovascular 

disease (CVD) detection truly puts into perspective the possibility and vast potential of deep learning applications in 

medical diagnosis. This study has demonstrated how the deep architecture of VGG-16 was able to seize highly 

sophisticated spatial features of data taken from medical imaging with such great efficiency and has shown that it is 

possible to have accuracy and reliability in detecting CVD far above what might be achieved using more conventional 

methods. The model learns the subtle patterns indicative of a wide range of cardiovascular conditions, making early 

diagnosis possible with timely interventions, by using large high-quality datasets and strong pre-processing techniques. 

Besides this, the integration of methods for interpretability such as Grad-CAM allows clinicians to gain valuable 

insights into the decision-making process of the model, thus fostering greater trust and confidence in AI-assisted 

diagnostics. The findings call out VGG-16 as a promising addition to the current practices of diagnosis, particularly in 

resource-limited settings where specialized medical knowledge may be scarce. The ground this research lays will form 

the basis of further studies in CNNs towards enhancing health outcomes, hence stressing that more collaboration 

between experts in machine learning and health providers must be ensured in order to integrate AI technology into 

routine clinical practice. 
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