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1. Introduction 

Advanced medical techniques are required to identify heart problems that are the primary reason of illnesses and death 

all over the world as the patients deserve the best possible health treatment. The challenges can be addressed in the 

struggle to identify and recognize the heart disease [1]. An electronic device named intra-aortic expandable pumping 

has been placed in the arterial to enhance the flow of blood into the heart and reduce the stress on the heart muscles 

[2]. The device operates depending on both expansion and compression of a balloon inside the aorta, which improves 

the heart capability to empty the blood more efficiently [3]. The time for both rising and falling is vital to control the 
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physical characteristics of unassisted and aided pressure wave-forms[4]. Throughout the preliminary systole stage, the 

balloon experiences devaluation subsequent to the inflation as the person is breathing and this is known as “counter-

pulsation”. This process initiates blood moving in both towards and away the aorta center and it helps increasing the 

blood flow towards the coronary arteries and recover the inclusive body movement [5]. The human health can benefit 

from this procedure in increasing the flow of blood towards coronary arteries, raising the starting point of blood 

pressure, providing the heart muscle with more oxygen, lowering the heart necessity for oxygen, and decreasing the 

pressure on the heart. The oscillations of the applied pressure afford significant visions on the performance of intra-

aortic balloon pump [6]. The consequences problems may occur because of inappropriate increase and decrease of the 

IAB. Several kinds of increase and decrease can be noticed represented by early increase, late increase, early decrease 

movements and late downturn [7]. Divergences from the ordinary condition of the arterial blood pressure wave-forms 

are one of the abnormalities of the arterial blood pressure. 

These disparities might happen because of various purposes represented by modifications in cardiovascular 

conformity, productivity of the heart, and blood vessel struggle. Moreover, early timing in the operation of the intra-

aortic pump valve could possibly lead to the incidence of obstacles. Nevertheless, the delay of IABP can direct to 

difficult problems such as life-pressuring abnormalities in the wave-forms of arterial blood pressure [8]. Improper 

management in the procedure of tension and compression of the balloon in terms of the heart beat can probably cause 

many expected effects for the patient. The results can be summarized as follows: 

1. Decreased coronary perfusion: As the IABP has mistiming problem, then the coronary perfusion might not 

be affected essentially. Consequently, it can cause insufficient blood source for the heart muscle and this is 

vital for CABG operation. 

2. Instability in the hemodynamic: Mistiming denotes to circumstances where timing faults might cause 

hemodynamic disorder, causing distinctions in blood glucose measurements and heart production. Such 

instability has undesirable consequences on the total cardiovascular occupation for the patients throughout 

and following the surgery. 

3. Cardiac workload increase: The main IABP function is to reduce the heart workload. Any mistiming might 

effectively boost the workload, overpowering the reason of operating such device.  

4. Reduced oxygen delivery: The ineffective timing of the IABP might concede oxygen transport to the 

myocardium. The can be predominantly unfavourable during a CABG procedure, where the heart 

requirement for oxygen has been raised. 

5. Risk problems: Mistiming might cause inaccurate readings in the blood pressure and interrupts the direction 

between the balloons with the aortic valve. This boosts the hazard of practical difficulties and might increase 

the total success in CABG surgery [9]. The early inflation can lead to precipitate aortic valve stop, causing 

to reduced cardiac production and blow aptitude, beside the increased left ventricular afterload. Late inflation 

can cause insufficient coronary perfusion. 

The suboptimal coronary perfusion can be developed from primary deflation without any afterload reduction. 

However, the late deflation might boost left ventricular and myocardial oxygen depletion [10]. Exact recognition and 

classification of such abnormalities are significant for appropriate treatment and patient safety [11]. Occasionally, 

practiced clinicians use hand to assess the arterial blood pressure wave-form irregularities resulted from mistimed of 

IABP. Such procedure can be considered as wasting time method and it can be subjected to inter-spectator 

irregularities. Considering the care of patients includes interesting creativity such as primary recognition of symbols 

for cardiac abnormalities indication [12]. In the area of clinical practice, the use of machine learning strategies has 

been applied effectively representing the determination of physiological wave-forms [13]. To decreased any confront 

related to recognizing and categorizing arterial blood pressure wave-forms irregularities because of mistimed of IABP, 

the cardio-save trainer has been applied for instructing medical experts in suitable IABP timing procedures. This 

technique reproduces the practice of the CARDIO-SAVE IABP in a medical venue [14]. Analytical and expressive 

models involve different data extracting methods, incorporating arrangement, relationship systems, grouping, and 

regression summarizations [15].                                                                                                                                       

Mistiming cases were simulated using the Cardio-save trainer, capturing sets of images for extracting information to 

train a neural network classification algorithm. However, accurately identifying and classifying waveform 

abnormalities remains challenging [10].  Technical data is often presented in plots and images, making it simple to 

comprehend the interplay between variables. However, extracting precise numerical values from such visuals can be 

a tiresome and error- susceptible process. In order to streamline this task, various digitization tools have been created 

over time [16].  To overcome this challenge, an intelligent system utilizing a plot digitizer program and MATLAB 

software has been proposed [17].  
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The visualization scanner software was employed for recovering pattern information derived from arterial 

cardiovascular indications, which may then be evaluated using predictive techniques in MATLAB. However, the task 

of achieving precise data recuperation remains challenging and demands substantial attempt [18]. These algorithms 

ensure the capability to classify the inequalities in wave-forms and provide physicians with and evaluation. The 

advanced technology can effectively improve the patients’ health by guaranteeing precious timing of IABP and rapidly 

identifying irregularities in wave-forms. During the use of assessment systems and high-level processing devices, the 

powerful system is efficient in supplying precious and economical conduct, reproduction its crucial support in health 

precaution ecosystems. 

A. Objectives and scope 

The main target of this investigation is determined in developing and evaluating the benefits of a digitized technique 

to be used preciously in identifying irregularities in the wave-forms of blood flow determined by mistiming in intra-

aortic balloon pump (IABP) procedure. The primary aim was to enhance patients’ safety with treatment efficiency in 

cardiovascular operation via purposely strengthening the determination and identification of wrong timing. 

B. Expected contributions 

This research expects to create modern automated scheme to preciously organize inequalities in blood flow wave-

forms caused by mistiming of intra-aortic balloon pump (IABP) treatment in immediate time. Via applying of 

automation prediction procedure, the mentioned scheme is used to effectively increase the precision and value of 

measurements. Ultimately, helping to increase the safekeeping of patients and enhancing medical consequences in the 

area of heart prescription.                                                      

C. Differences across this investigation and previous research include 

There has been a shortage of study that explicitly examines the utilization of a computerized system to identify and 

categorize irregularities in vascular circulation waveforms caused by mistimed usage of an intra-aortic inflation 

device.  Additionally, there is a desire for additional investigation into the advancement and assessment of such a 

system. Furthermore, it is imperative for research to examine the influence of an advanced artificial intelligence system 

on client outcomes and the efficiency of clinical processes. 

 

2. Methodology 

  

The suggested approach entails gathering internal blood pressure recordings from an IABP instructor, followed by 

pretreatment utilizing multi-colored scanner program. The process of removing features is carried out in MATLAB 

employing Wavelet, which allows for the gathering of important characteristics that are essential for the categorization 

of incorrect timing. The retrieved characteristics create the basis for the creation of an approach to classification using 

neural networks, which guarantees the system's capacity to detect minor irregularities resulting from mistiming. 

 

A. Construction of a dataset 

The shape of the waveform input from the CARDIO-SAVE generator may be utilized to create a labelled set of data 

for the purpose of developing and evaluating algorithms. The instructor who trains waveform may generate a variety 

of cardiovascular pattern layouts and subclasses by replicating various circumstances, locations, and biological factors.  

Although the simulator waveform could fail to accurately represent actual information about patients, it is a helpful 

tool for the creation and education of algorithms. 
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Figure 1: CARDIO-SAVE Trainer 

 

Proficient expertise may be employed to categorize the computer-generated waveforms according to their 

corresponding classifications, including normal, hypertension, low in blood pressure, or particular states of pathology. 

The CARDIO-SAVE Coach includes an assortment of (50) photos displaying IABP incorrect timing anomalies and 

(50) frames showing the typical IABP amplitude. These images give an overview of arterial cardiovascular 

waveforms.  

 

 

Figure 2: Normal IABP waveform from the Cardio-save trainer  

 

The dataset was thoughtfully designed to ensure an adequate representation of various types of abnormalities 

associated with IABP mistiming.  The images were captured in the JPEG format with quality 5M pixels ensuring 

compatibility and ease of access for further analysis and subsequently displayed within the plot digitizer program 

interface, which extract data from recorded image.  

B. Preprocessing and Feature Extraction 

During the pre-processing phase, a set of (50) images displaying IABP mistiming abnormalities were gathered from 

the Cardio-save trainer, along with an additional (50) images exhibiting a normal IABP waveform, A plot digitizer 

tool was utilized to facilitate the conversion of these images into a format conducive to data analysis. Plot digitization, 

also known as records extraction or graph digitization, is the process of converting graphical data points from a plot 

or chart into numerical data [19]. 
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Figure 3: Data Extraction 

 

This tool accurately transformed each image into (440) individual data points represented by dots. During the pre-

processing step, the digitized plot transformed the images into a series of dots corresponding to X and Y coordinates. 

The X-axis represented the time in seconds, where x1 represented zero seconds and x2 represented ten seconds. 

Conversely, Y-axis depicted the artery intra-aortic balloon pump (IABP) pressure, where y1 corresponded to thirty 

millimetres of mercury and y2 corresponded to 130 mmHg. The desired information was selected from the snapshot 

and then converted into a series of point values applying the chart analyser by sketching and digitizing it.  

 

Table 1: Example of Extracted Features 

Feature Value 

Max Intensity 120 mmHg 

Min Intensity 30 mmHg 

Periodicity 1 sec 

Peak Interval 0.5 sec 

 

The points were subsequently stored in an Excel file, guaranteeing that all the information was systematically arranged 

and prepared for additional analysis in MATLAB. By exporting the synthesized oscilloscope as an Excel spreadsheet, 

it may be conveniently accessed for additional examination and modification within the software program MATLAB. 

This stage pre-processes the data to make it suitable for complex calculations, analysis of statistics, and artificial 

intelligence algorithms. Such algorithms may then be used to extract important information from the pulse waveforms. 

The purpose of the feature removal procedure is for recording the distinctive properties of vascular cardiovascular 

waves, specific anomalies were caused by the untimely scheduling of the intra-aortic inflatable move. The 

determination of relevant features involves the analysis of multiple elements of the form, including the highest 

intensity, periodic shape, curve, and timetable considerations. These qualities offer numerical measures that emphasize 

the unique characteristics of oscillations influenced by IABP incorrect timing. Afterwards, wavelet computation is 

conducted employing a MATLAB program. The method is breaking down a wave form into distinct frequency 

elements, which allows for an additional intricate study of the evidence. Applying the Discrete Wavelet Transform, 

also known as the DWT, is used to break down the results into estimate and description components with the 

Daubechies 4 (db4) fractal. Next, graphing and exporting the computed coefficients to an Excel spreadsheet. 

Throughout wavelet inquiry, MATLAB computes parameters that reflect the input of multiple frequency elements at 
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numerous scales. The followed coefficients indicate the spread of energy among different frequencies, creating a 

detailed depiction of the pattern at many resolutions. 

Figure 4 displayed the proximity and description parameters plotted in two separate sub-plots. 

 

 

Figure 4: The approximation and detail coefficients in two sub-plots. 

 

By examining these coefficients, it becomes possible to identify specific patterns, anomalies, and variations associated 

with IABP mistiming. Overall, the wavelet analysis conducted in MATLAB enhances the understanding of waveform 

data affected by IABP mistiming by providing a comprehensive analysis of its frequency components. The insights 

gained from the wavelet analysis contribute to accurate classification, diagnosis, and decision-making in the context 

of IABP mistiming. 

 

C. Machine Learning Model Development 

For the classification arterial blood pressure waveform abnormalities, a neural network classification 

algorithm was developed using MATLAB. The code reads input and target data from the Excel file and the code. 

Subsequently, the data is partitioned between a collection for training and an evaluation set, with 80% of the data 

allocated to training use and the other twenty percent allocated for testing. The source code forward (net) represents 

an artificial neural network. The hyperbolic tangent operator (tansig) is the primary activation function for the layers 

that are invisible, while the linear expression (purelin) is employed for the layer that produces the results. The net of 

neurons is formed and developed utilizing the information used for training, following which it uses that data to 

anticipate the outcomes for the experimental data. 

Mathematical Expression for (purelin) is:  

𝑓(𝑥) = 𝑥                                                                                                                                                  (1) 

 

(Tansig) Mathematical Expression: 

𝑓(𝑥) =
2

1+𝑒−2𝑥 − 1                                                                                                                                    (2) 

Expected outcomes are approximated to the closest whole number. The effectiveness of the model is assessed through 

a contrast of the expected products towards the observed objectives. Efficiency is computed as a measure of 

effectiveness.  
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We used the model on datasets received from 10 patients from Ibn Al-bitar Cardiac Center after training the neural 

network for the categorization of normal and abnormal arterial blood pressure waveforms. Six of these patients 

received IABP therapy, resulting in normal arterial blood pressure waveforms, whereas the remaining four had 

abnormal arterial blood pressure waveforms. 

A confusion matrix was used to evaluate the model's ability to accurately identify instances. The analysed result was 

to provide insights into the model's performance in classifying instances under specified conditions. 

 

3. Results 

 

This work aimed to create a system with intelligence capable of categorizing irregularities in blood vessel pressure 

waveforms resulting from delivering in the intra-aortic inflatable move. The anticipated and observed outcomes are 

kept, and a matrix of disorientation is computed to evaluate the outcomes of classification. The machine learning 

model attained a conclusive reliability of 94.32% on the given data set. The matrix of misinformation visually displays 

the expected and real breakdown categories. The erroneous in the hierarchy of confusion focus on the regions wherein 

the simulation can encounter difficulties or situations in which the classes are particularly difficult to differentiate. 

The neural network model incorporated with evaluation technique permits the classification of defects in vascular 

blood pressure wave-forms depending on obtained features. Significant information to assist in attaining healthcare 

selections with patient’s treatment offers can be gained.            

 

Figure 5: Confusion matrix 

Table 2: A summary of the training progress 

Epoch

  

Elapsed 

Time 

Performance Gradient  Mu Validation 

Checks 

0 - 6.86 8.38 0.001 0 

165 00:00:16 0.000326 0.000984 1e-06 6 

1000 - 0 1e-07 1e+10 6 

 

The outcomes of the investigation have emphasized on the opportunity of the developed artificial intelligence as a 

fundamental tool for surgeons to correctly classifying the irregularities in cardiovascular wave-forms created by wrong 

timing in the intra-aortic balloon pump. The device advancement and high accuracy in analysis with its capability to 

realize perfect harmonic characteristics connected with timing imperfections progress exactness in performance and 

assist educated options in medical centers. It is crucial to emphasize the need for additional confirmation using bigger 
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and more diversified information to evaluate the system's ability to perform consistently across various patient 

demographics and clinical situations.  

   These findings also exhibited the advancement of instruction in neural networks during many intervals. Following 

165 iterations on the complete activation dataset, the trained neural network was then subjected to modifications in its 

values and biases. The process of training has systematically adjusted the model characteristics in a step-by-step manner 

to reduce the number of errors on the initial data set. After 1000 passes through the entire training dataset, the neural 

network has undergone further adjustments. The training algorithm has iteratively refined the model parameters over 

1000 epochs, potentially leading to improved convergence and reduced training error. 

 

 

Figure 6: Error Histogram 

 

The interpretation of the results reveals after training iterations, the neural network refining its weights and biases to 

minimize the error on the training data.The error histogram shows the distribution of errors between the target values 

and the model's predictions.(as shown in the figure above) 

 

 

Figure 7: Best Validation Performance is 0.000857 at epoch 54 
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A decrease in the performance value from 6.86 to 0.000326 has been indicated. This decreasing trend suggests that 

the neural network effectively minimized its error throughout the training process. The decreasing gradient values 

from 8.38 to 0.00009 indicate the rate of change of the error function with respect to the network's weights. Smaller 

gradient values signify that the neural network is converging towards a minimum. The reduction of the learning rate 

parameter from 0.001 to 0.0001 indicates the adjustment of the learning rate over time to fine-tune the neural network's 

performance.  Overall, the results indicate that the neural network training progressed effectively, with improved 

performance and decreasing gradients. The decreasing mu values further suggest the adjustment of the learning rate 

for better convergence. 

 
 

Figure 8: Regression diagram of training data incorporated with validation and testing. 

 

The research utilized a collection of data consisting of oscillations from 10 individuals, which were classified by a 

clinician as either normal or aberrant. These data were used to evaluate the performance of the trained neural network 

after the same pre-processing and feature selection steps. The confusion matrix showed that  

The number of cases correctly anticipated as "normal" is 5, which are referred to as true positives (TP). 

False Negatives (FN) occur when a single incident that is actually "normal" is wrongly anticipated as "abnormal." 

False Positives (FP) occur when one incidence classified as "abnormal" is wrongly estimated as "normal." 

    There were 3 cases where the prediction of "abnormal" was true, which have been referred to as True Negatives 

(TN). 

Table 3 

 Predicted Normal Predicted Abnormal 

Normal 5 1 

Abnormal 1                3         

 

With calculated accuracy of 80%, where: 
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𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝐹𝑃+𝐹𝑁+𝑇𝑁
         (3)  

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
3+5

10
= 0.8         (4) 

Additional evaluation criteria, such as precision, recall, and F1-score, are crucial for a full assessment of performance 

were shown in table 3. 

Table 4: Performance Metrics 

Metric Value 

Accuracy 80% 

Precision 83.33% 

Recall 75% 

F1-Score 78.57% 

 

4. Discussion  

The research highlights the effectiveness of neural networks and data mining when properly adjusted, as shown by 

the examination's productive development and testing of a smart system developed to precisely recognize irregularities 

in arterial cardiovascular waveforms caused by incorrect timing in intra-aortic balloon move [20]. 

A. Discovered variables that contribute to irregularities in the arterial balloon the waveform: 

The study acknowledges the medical issues and methodological intricacies that lead to abnormalities in artery balloon 

waveforms. The variables in question encompass displacement of the IABP, coronary artery disease, cardiac diseases, 

and stiffness of the arterial wall, peripheral blood vessel resistance, circulatory instability, pharmaceutical effects, 

invasive procedures, and device-related problems. 

B. Significance of the Taxonomy System in Therapeutic Practice: 

The categorization method primarily focuses on problems associated with incorrect timing of IABP, which addresses 

a pertinent clinical problem. The system provides a precise technique to enhance analytical skills in a professional 

medical setting. 

 
 

Figure 8: System workflow diagram 

C. Robustness and Effectiveness of the Classification System: 
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The investigation's key discovery comes in the categorical system's remarkable accuracy, which demonstrates its 

strength and efficiency in accurately determining waveform irregularities linked to prematurely timing in the IABP. 

In contrast to decisions made by humans, who can be influenced by subjective factors and can vary, the smart device 

demonstrates constant and precise achievement, highlighting its promise to improve diagnostic skills and making 

choices in clinical situations. 

 

5. Future Directions 

Future study might investigate the inclusion of additional information from patients to improve the system's 

effectiveness in various clinical settings. In addition, this study emphasis on the fact that though this procedure is 

potential, it relies on special imprints and features to detect variances in vascular arterial pressure wave-forms. The 

demands watchfully monitor available difficulties that can alter the concerns. It is necessary to know the subsequent 

surgery required drugs as such sophisticated research is required.                  

In general, the current investigation reveals the substantial created advancement in verifying the progression 

achievement rate for the artificial intelligence for analysing assistances and acquiring assessments in the particular 

extent of mistimed cardiovascular wave-forms inequalities generated by IABP. The discussion stresses on the 

successes and influences to be considered, which may empower more studies to develop and magnify the employment 

of this type of high-level machineries in practical difficulties in medical areas.        

                       

6. Conclusion 

In general, the used computerized system adopted extraordinary precision, detailing the capability to perfectly identify 

any defects in vascular blood pressure depending on the wave-forms accompanied with improper timing of IABP. 

These discoveries have major consequences for enhancing the precision of diagnoses and facilitating informed choices 

in the medical field. Moreover, the way the system is able to apply its knowledge to various datasets to display the 

solid reliability of the technique.  However, it is crucial to understand several limitations of this research. While the 

use of data models from the IABP trainer is advantageous for early assessment, it is limited by the quantity and quality 

of the data collected. Future studies should include real-world datasets encompassing diverse patient demographics 

and clinical settings to offer a more comprehensive review. This technique would help in achieving extra 

comprehensive representation of the system's performance in real-world healthcare settings.  Finally, the research 

findings highlight the classification system promising potential as a helpful tool for reliably diagnosing arterial blood 

pressure waveform irregularities caused by IABP mistiming. Recommendations for additional validation and 

improvement, particularly using real-world datasets, aim to assure the system's resilience and usefulness across a wide 

range of patient demographics and clinical circumstances. 
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