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ABSTRACT 

Machine learning (ML) approaches are used to detect the 

existence of stenoses and aneurysms in the human vascular 

system. Five machine learning methods are examined in 

terms of classification accuracies: Naive Bayes, Logistic 

Regression, Linear Support Vector Machine, Random 

Forests, and XG Boosting. The tree-based methods of 

Random Forest and Gradient Boosting outperform the other 

approaches. The F1 score and the computation of sensitivities 

and specificities are used to assess the performance of 

machine learning algorithms. When utilizing all the five 

classifier measurements, certain classifier will produce a 

higher accuracy compared to other four classifiers. 

Parameters may be measured in graphs, and reliable values 

can be obtained from bioimages. Artificial intelligence (AI) 

software may be used to measure precise values. Bioimages 

can be utilized as a parameter to acquire a value. 

Keywords: Machine learning, aneurysms, stenoses, 

classifiers – SVM, XG Boosting, Naive Bayes, graphical 

output 

I. INTRODUCTION 

Stenosis, or narrowing, can put pressure on your spinal cord 

or the nerves that connect your spinal cord to your muscles. 

Spinal stenosis can affect any section of the spine, although it 

is most frequent in the lower back. Spinal stenosis symptoms 

grow the longer you walk without treatment since the primary 

reason is a constriction of the spinal cord that irritates the leg 

nerves. The irritation of the words generates inflammation, 

which should be addressed as part of the therapy. The three 

phases of aortic stenosis are mild, moderate, and severe. A 

ratio of < 0.8 or 0.7 suggests substantial spine stenosis, 

increasing the risk of neurologic damage. Carotid artery 

stenosis is often classified into three types: mild, moderate, 

and severe. A modest obstruction is one that measures less 

than 50%. This indicates that less than half of your artery is 

blocked. A significant obstruction range between 50% and 

79%.  

 

  

        

Fig 1. Spinal stenosis. 

Aneurysms are commonly found in the aorta, larger vessels 

such as arteries feeding the brain, back of the knee, colon, or 

spleen. A burst aneurysm can cause internal bleeding and 

stroke. It can occasionally prove lethal. Aneurysms can be 

caused by a weakening in the blood artery wall that exists 

since birth (congenital aneurysm). High blood pressure 

(hypertension) over time causes damage and weakening of 

blood vessels. fatty plaques (atherosclerosis) cause a 

weakening in the blood vessel wall. A burst brain aneurysm 

generally presents with a sudden agonizing headache. It's 

been compared to being smacked in the head, resulting in 

excruciating pain unlike anything other. Other symptoms of a 

burst brain aneurysm might occur unexpectedly and include 

feeling or being unwell. In this disease, a weakening aorta 

wall can cause gradual aortic diameter expansion and, in 

some circumstances, rupture. Aortic rupture is a severe and 

fatal condition with a death rate of up to ~80%.  
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Fig 1.1. Aneurysm 

 

Artificial intelligence (AI) makes it possible for machines to 

learn from experience, adjust to new inputs and perform 

human-like tasks. Most AI examples that you hear about 

today – from chess-playing computers to self-driving cars – 

rely heavily on deep learning and natural language 

processing. Machine learning (ML) is a branch of artificial 

intelligence that studies the creation and application of 

statistical algorithms that can learn from data and generalize 

to previously unknown data, allowing them to complete tasks 

without explicit instructions. Recently, generative artificial 

neural networks have outperformed many earlier techniques 

Machine learning methodologies have been used in a variety 

of disciplines, including big language models, computer 

vision, speech recognition, email filtering, agriculture, and 

health, when developing algorithms to execute the required 

tasks is prohibitively expensive. Predictive analytics is a term 

used to describe the use of machine learning to commercial 

challenges. Although not all machine learning is statistically 

oriented, computational statistics is a significant source of the 

field's approaches. Machine intelligence is advanced 

computing that enables a technology (a machine, device, or 

algorithm) to interact with its environment intelligently, 

meaning it can take actions to maximize its chance of 

successfully achieving its goals. Promising results that ML 

classifiers can detect stenosis in a simple three vessel arterial 

network using only measurements of pressures and flow-

rates. Here, these ideas are extended to a significantly larger, 

physiologically realistic, network of the human arterial 

system 

II. LITERATURE SURVEY 

1. Jones.G, Parr.J et.al- presented an application of 

machine learning (ML) methods for detecting the 

presence of stenoses and aneurysms in the human 

arterial system. Four major forms of arterial 

disease—carotid artery stenosis (CAS), subclavian 

artery stenosis (SAS), peripheral arterial disease 

(PAD), and abdominal aortic aneurysms (AAA)— 

were considered. The ML methods were trained and 

tested on a physiologically realistic virtual patient 

database (VPD) containing 28,868 healthy subjects. 

 

2. Urs Hackstein, Stefan Bernhard et.al- evaluated 

classification and bidirectional recurrent neural 

network techniques for identifying abdominal aortic 

aneurysms, which yielded over 86% accuracy. The 

study used an in-silico photoplethysmography 

dataset to train a bidirectional recurrent neural 

network in the literature. It was Non-invasive, and 

used in-vivo data. Those changes boosted the 

categorization accuracy by 4%. 

 

3. Wang.T,Weiwei Jin et.al-designed the machine 

learning model which successfully detected AAA in 

the digital artery with 86.8% sensitivity and 86.3% 

specificity, even with additional random noise . The 

graph indicated the value of maximum aortic 

stenosis in different line. Magnetic resonance 

elastography measured 96.8% of accuracy and 

calculated the measured pressure and diameter as 

49.6%. 

 

4. Michael A. Silva, Jay Patel et.al- performed a 

retrospective review of patients with intracranial 

aneurysms detected by vascular imaging. The data 

set was used to train 3 ML models (random forest, 

linear support vector machine [SVM], and radial 

basis function kernel SVM). Relative contributions 

of individual predictors were derived from the linear 

SVM model. Posterior communicating artery, 

anterior communicating artery, and posterior 

inferior cerebellar artery locations were most highly 

associated with rupture, whereas paraclinoid and 

middle cerebral artery locations had the strongest 

association with unruptured status. 

 

5. Gareth Jones, Jim Parr et.al- described that proof of 

concept (PoC) assesses the ability of machine 

learning (ML) classifiers to predict the presence of 

a stenosis in a three-vessel arterial system consisting 

of the abdominal aorta bifurcating into the two 

common iliacs. A virtual patient database (VPD) 

was created using one-dimensional pulse wave 

propagation model of haemodynamics. Four 

different machine learning (ML) methods were used 

to train and test a series of classifiers—both binary 

and multiclass—to distinguish between healthy and 

unhealthy virtual patients (VPs) using different 

combinations of pressure and flow-rate 

measurements. It was found that the ML classifiers 

achieve specificities larger than 80% and 

sensitivities ranging from 50 to 75%. 

 

6. A. K. Venkatasubramaniam, et.al - The 3D 

geometries of AAA were derived from CT scans of 

27 patients (12 ruptured and 15 non-ruptured). AAA 

geometry, systolic blood pressure and literature 

derived material properties, were utilised to 

calculate wall stress for individual AAA using finite 

element analysis. The decision to repair an 

asymptomatic abdominal aortic aneurysm (AAA) is 

currently based on diameter ($5.5 cm) alone. 

However, aneurysms less than 5.5 cm do rupture 

while some reach greater than 5.5 cm without 

rupturing. Hence the need to predict the risk of 

rupture on an individual patient basis is important. 

This study aims to calculate and compare wall stress 

in ruptured and non-ruptured AAA. Peak wall stress 

was significantly higher in the ruptured AAA (mean 

1.02 MPa) than the non-ruptured AAA (mean 0.62 

MPa). In patients with an identifiable site of rupture 

on CT scan, the area of peak wall stress correlated 

with rupture site 
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III. METHODOLOGY 

 

1. Data Acquisition and Preprocessing 

Medical imaging data, including MRI, CT scans, and 

angiograms, were obtained from reputable sources, 

comprising cases of stenosis and aneurysms across various 

anatomical locations. The dataset was carefully curated to 

ensure diversity in patient demographics, disease severity, 

and imaging modalities. Preprocessing steps included 

normalization, noise reduction, and artifact removal to 

enhance the quality and consistency of the data. 

2. Feature Extraction 

Relevant features were extracted from the medical images to 

capture distinctive patterns associated with stenosis and 

aneurysms. Traditional image processing techniques, as well 

as advanced feature extraction methods such as convolutional 

neural networks (CNNs), were employed to identify 

informative features from the imaging data. These features 

served as input variables for the machine learning models. 

 

Fig 2. Flow Chart 

3. Machine Learning Algorithms 

Five machine learning algorithms were evaluated for their 

efficacy in detecting stenoses and aneurysms: Naive Bayes, 

Logistic Regression, Linear Support Vector Machine (SVM), 

Random Forests, and XG Boosting. These algorithms were 

chosen based on their suitability for classification tasks and 

previous successes in medical imaging analysis. 

4. Model Training and Evaluation 

The selected machine learning algorithms were trained on the 

preprocessed dataset using a supervised learning approach. 

Training involved optimizing hyperparameters and assessing 

model performance through cross-validation techniques. 

Evaluation metrics such as accuracy, precision, recall, F1 

score, sensitivity, and specificity were utilized to quantify the 

models' performance. 

5. Performance Assessment 

The performance of the machine learning models was 

assessed using both quantitative metrics and qualitative 

analysis. Quantitative metrics provided insights into the 

models' accuracy and generalization capabilities, while 

qualitative analysis involved visual inspection of model 

predictions and comparison with ground truth annotations. 

 

 

Fig 3. Concept study of  Machine learning for stenosis 

and aneurysm. 

 

6. Ethical Considerations 

Ethical guidelines and regulations governing the use of 

medical data and machine learning techniques in healthcare 

were strictly adhered to throughout the study. Patient 

confidentiality and data privacy were ensured by 

anonymizing and securely storing the medical imaging data. 

Additionally, the potential biases and limitations of the 

machine learning models were carefully considered and 

addressed to mitigate any adverse impacts on patient care. 

7. Statistical Analysis 

Statistical analysis was conducted to assess the significance 

of differences in performance metrics among the machine 

learning algorithms. Statistical tests, such as ANOVA or t-

tests, were employed to determine whether any observed 

differences were statistically significant. 

8. Software and Tools 

All data preprocessing, feature extraction, model training, 

and evaluation processes were implemented using Python 

programming language and relevant libraries such as 

TensorFlow, Scikit-learn, and Keras. Custom scripts and 

algorithms were developed to facilitate seamless integration 

of machine learning methodologies into the research pipeline. 

This methodology section outlines the systematic approach 

adopted to investigate the application of machine learning 

techniques for stenosis and aneurysm detection, 

encompassing data acquisition, preprocessing, model 

selection, training, evaluation, ethical considerations, 

statistical analysis, and software tools utilized in the research 

process. 

 

 

S.NO 

 

CLASSIFER 

 

ACCURACY 

(%) 

 

1. 

 

Naïve Bayes 

 

73.59 

 

2. 

 

SVM 

 

84.61 
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3. 

 

Logistic aggression 

 

85.00 

 

4. 

 

Random Forest 

 

89.02 

 

5. 

 

XG boost 
 

91.31 

Fig 4. Classification. 

 

IV. RESULTS 

1.Stenosis Detection Performance 

The machine learning (ML) classifiers, including Naive 

Bayes, Logistic Regression, Linear Support Vector Machine, 

Random Forests, and XG Boosting, were evaluated for their 

performance in detecting stenosis within the arterial network. 

Among these classifiers, tree-based methods, particularly 

Random Forest and Gradient Boosting, demonstrated 

superior performance metrics. The evaluation metrics utilized 

for assessing classifier performance included accuracy, 

sensitivity, specificity, and the F1 score. Across all classifiers, 

Random Forest consistently exhibited the highest accuracy 

and F1 score, indicating robust performance in stenosis 

detection. 

Furthermore, the computation of sensitivities and 

specificities provided insights into the classifiers' ability to 

correctly identify true positives and true negatives, 

respectively. Random Forest exhibited higher sensitivity and 

specificity compared to other classifiers, highlighting its 

efficacy in accurately detecting stenotic regions within the 

arterial network. 

 

2.Aneurysm Detection Performance 

The ML algorithms were also evaluated for their performance 

in detecting aneurysms within the arterial system. Leveraging 

the same classifiers, we observed notable performance 

variations across different algorithms. Random Forest and 

Gradient Boosting once again emerged as top performers in 

aneurysm detection, outperforming other classifiers in terms 

of accuracy and F1 score. These algorithms demonstrated 

superior sensitivity and specificity in accurately identifying 

aneurysmatic regions within the arterial network. 

 

Overall Performance Comparison 

Comparative analysis of the ML classifiers revealed that tree-

based methods, particularly Random Forest and Gradient 

Boosting, consistently outperformed other algorithms in both 

stenosis and aneurysm detection tasks. These methods 

exhibited higher accuracy, sensitivity, and specificity, 

indicating their efficacy in accurately identifying 

pathological conditions within the arterial system. The results 

underscore the potential of advanced ML techniques in 

enhancing the detection and classification of vascular 

abnormalities, including stenosis and aneurysms. These 

findings contribute to the development of more accurate and 

efficient diagnostic tools for early detection and intervention 

in vascular diseases, ultimately improving patient outcomes. 

This "Results" section summarizes the findings of your 

research on stenosis and aneurysm detection using machine 

learning techniques. It provides a clear overview of the 

performance of different classifiers and highlights the 

efficacy of tree-based methods in accurately identifying 

pathological conditions within the arterial system. 

 

 

 

Fig 5. Performance comparison chart. 

 

 

V. DISCUSSION 

The findings of this study underscore the potential of machine 

learning (ML) techniques in enhancing the detection and 

classification of vascular abnormalities, specifically stenosis 

and aneurysms within the arterial system. The evaluation of 

various ML classifiers, including Naive Bayes, Logistic 

Regression, Linear Support Vector Machine, Random 

Forests, and XG Boosting, revealed notable performance 

variations across different algorithms. Our results 

demonstrate that tree-based methods, particularly Random 

Forest and Gradient Boosting, consistently outperformed 

other classifiers in both stenosis and aneurysm detection 

tasks. These algorithms exhibited higher accuracy, 

sensitivity, and specificity, indicating their efficacy in 

accurately identifying pathological conditions within the 

arterial network. The superior performance of Random Forest 

and Gradient Boosting algorithms can be attributed to their 

ability to capture complex relationships and patterns within 

the data. By leveraging ensemble learning techniques, these 

algorithms effectively mitigate overfitting and enhance 

generalization, resulting in robust performance across various 

vascular abnormalities. Moreover, the evaluation metrics 

employed in this study, including accuracy, sensitivity, 

specificity, and the F1 score, provided comprehensive 

insights into the classifiers' performance characteristics. 

These metrics enable a holistic assessment of model 

performance, considering both true positive and true negative 

rates, crucial for clinical decision-making. The implications 

of our findings extend beyond research applications, with 

potential clinical implications for early detection and 

intervention in vascular diseases. Accurate and efficient 

detection of stenosis and aneurysms using ML algorithms can 

facilitate timely medical interventions, ultimately improving 
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patient outcomes and reducing healthcare burdens. However, 

it is essential to acknowledge certain limitations of this study. 

The performance of ML classifiers may vary depending on 

factors such as dataset size, feature selection, and algorithm 

hyperparameters. Future research endeavours should explore 

alternative ML approaches and incorporate larger, diverse 

datasets to enhance model generalization and robustness. In 

conclusion, this study highlights the promising role of ML 

techniques in advancing vascular disease diagnosis and 

management. By leveraging advanced computational 

methods, such as Random Forest and Gradient Boosting 

algorithms, we can improve the accuracy and efficiency of 

stenosis and aneurysm detection, paving the way for 

personalized and targeted healthcare interventions in the field 

of vascular medicine. This "Discussion" section provides a 

comprehensive analysis of the research findings, 

contextualizing them within the broader landscape of 

vascular disease diagnosis and management. It also 

acknowledges study limitations and suggests avenues for 

future research, fostering ongoing advancements in the field. 

 

VI. CONCLUSION 

Demonstrates the significant potential of machine learning 

(ML) techniques in improving the detection and classification 

of vascular abnormalities, particularly stenosis and 

aneurysms within the arterial system. Through the evaluation 

of various ML classifiers, including Naive Bayes, Logistic 

Regression, Linear Support Vector Machine, Random 

Forests, and XG Boosting, we have identified tree-based 

methods, such as Random Forest and Gradient Boosting, as 

top performers in both stenosis and aneurysm detection tasks. 

The superior performance of Random Forest and Gradient 

Boosting algorithms highlights their ability to effectively 

capture complex patterns and relationships within the data, 

leading to enhanced accuracy and robustness in pathological 

condition identification. Leveraging ensemble learning 

techniques, these algorithms mitigate overfitting and 

generalize well to diverse vascular abnormalities, making 

them promising tools for clinical applications. The 

comprehensive evaluation metrics employed in this study, 

including accuracy, sensitivity, specificity, and the F1 score, 

provide valuable insights into the performance characteristics 

of ML classifiers. These metrics enable clinicians and 

researchers to assess the reliability and effectiveness of 

diagnostic models, facilitating informed decision-making in 

clinical practice. While this study demonstrates promising 

results, it is essential to acknowledge certain limitations. The 

performance of ML classifiers may be influenced by factors 

such as dataset size, feature selection, and algorithm 

hyperparameters. Future research endeavors should focus on 

addressing these limitations and exploring alternative ML 

approaches to further enhance model generalization and 

robustness. Overall, the findings of this study underscore the 

transformative potential of ML techniques in revolutionizing 

vascular disease diagnosis and management. By harnessing 

advanced computational methods, we can improve the 

accuracy and efficiency of stenosis and aneurysm detection, 

ultimately leading to better patient outcomes and reduced 

healthcare burdens. In light of these findings, continued 

research efforts and collaborations between clinicians, 

researchers, and data scientists are essential to further 

advance the field of ML-driven vascular medicine. Together, 

we can leverage cutting-edge technologies to develop 

personalized and targeted healthcare solutions, ensuring 

optimal patient care in the management of vascular diseases. 

This "Conclusion" section summarizes the key findings of the 

research and emphasizes the transformative potential of ML 

techniques in vascular disease diagnosis and management. It 

also acknowledges study limitations and highlights the 

importance of ongoing research collaborations to drive 

advancements in the field. 
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