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Abstract

An in-depth study on the creation of interpretable deep learning models for precise classification
of cardiac arrhythmias is presented here. In this study, cutting-edge deep learning techniques are
used to the well-known MIT-BIH Arrhythmia Database. These techniques include Convolutional
Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and their hybrid architecture.
The electrocardiogram (ECG) recordings in this dataset have been annotated, making it possible
for models to learn complicated patterns and categorise a wide variety of cardiac arrhythmias. To
aid in the interpretation of ECG signals, attention mechanisms are integrated. The suggested
hybrid CNN-RNN model performs exceptionally well, with an accuracy of 94.56%. In addition
to enhancing the model's interpretability, visualising the attention weights reveals useful insights
into the decision-making procedure. The use of interpretable deep learning models and the
illumination of the mechanisms driving accurate predictions are two major contributions of this
thesis to the field of cardiac arrhythmia classification. This study demonstrates the promise of
such models to improve healthcare by assisting physicians in making accurate diagnoses and
crafting effective treatment plans.

Keywords: Interpretable deep learning, Cardiac Arrhythmia Classification, MIT-BIH
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Introduction

Abnormal heart rhythms, known as cardiac arrhythmia, pose a serious threat to health and require
a prompt and accurate diagnosis in order to be effectively treated. When it comes to the
categorization of cardiac arrhythmias [1], deep learning models have shown excellent
performance in recent years. Deep learning models have been met with scepticism due to their
lack of interpretability and reliability in scenarios requiring crucial medical decision-making [2].
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So, it is crucial to create interpretable deep learning models for cardiac arrhythmia classification
to boost model transparency and give doctors useful information. An innovative approach to
cardiac arrhythmia classification using interpretable deep learning models is described in this
article. To record both spatial and temporal patterns in ECG data, the proposed method utilises
composite models comprised of Convolutional Neural Networks (CNNs) and Recurrent Neural
Networks (RNNs) [3]. This allows the model to reliably classify distinct cardiac arrhythmias.
Moreover, by including attention processes, which allow healthcare practitioners to identify the
relevant features or regions in ECG signals that contribute to model predictions, the
interpretability of the proposed models is enhanced [4]. Visualising attention maps or saliency
maps can help clinicians gain insight into the decision-making process and build trust in the
model's predictions. The widely-known MIT-BIH Arrhythmia Database [5], which contains ECG
records labelled with various arrhythmias, is utilised to evaluate the performance of the proposed
interpretable deep learning models. The classification performance of the models for cardiac
arrhythmias can be thoroughly evaluated using the available assessment metrics, which include
accuracy, precision, recall, specificity, and F1-score. This study helps close the gap between deep
learning model accuracy and interpretability in cardiac arrhythmia classification. The suggested
models have the potential to improve diagnosis and patient care by making the underlying
patterns of cardiac arrhythmias more visible and accessible to clinicians.

Literature review

Due to their remarkable performance, deep learning models have garnered a lot of attention for
their use in the essential task of cardiac arrhythmia classification in cardiology. However,
questions concerning the practical usefulness of such models have been raised due to their
indecipherability. This review of the relevant literature seeks to better understand recent
developments in hybrid methods to the categorization of cardiac arrhythmias using interpretable
deep learning models. Hybrid models that mix Convolutional Neural Networks (CNNs) and
Recurrent Neural Networks (RNNs) have showed promise in capturing both spatial and temporal
patterns in electrocardiogram (ECG) signals. Using the advantages of both network designs,
Smith and Johnson [6] devised a CNN-RNN hybrid model for accurately diagnosing cardiac
arrhythmias. The model utilised attention mechanisms to visualise the significant regions of ECG
signals to improve interpretability.

To improve interpretability even further, attention-based mechanisms have been intensively
studied. Kim and Lee [7] introduced an attention-based interpretability technique for medical
diagnosis deep learning models. By assigning attention weights to various sections of the input
signals, clinicians gain insight into the model's decision-making process and are able to
comprehend the model's predictions better.

Aside from attention-based interpretability, feature visualisation techniques have also been
employed. Johnson and Davis [8] conducted a survey on interpretable deep learning models for
medical diagnosis, in which they investigated various techniques, such as saliency maps and
activation maximisation, to visualise the essential characteristics of ECG signals. These
visualisation techniques provide valuable insights into the model's decision-making process and
enhance healthcare professionals' confidence in interpretable deep learning models. The
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extensively used MIT-BIH Arrhythmia Database contains annotated ECG recordings for
benchmarking various classification algorithms [9]. This database enables researchers to evaluate
the performance of their models in a standardised fashion and compare their outcomes to those of
existing methods. In conclusion, interpretable deep learning models, particularly hybrid
architectures, have tremendous classification potential for cardiac arrhythmias. Attention-based
mechanisms and feature visualisation techniques enhance the interpretability of these models,
providing clinicians with valuable insights. Future research should concentrate on further
enhancing these models' interpretability and validating their performance on a variety of datasets.

Table 1: Comparative Analysis of Cardiac Arrhythmia Classification Studies Using Various

Methodologies

Study Methodology Accuracy | Gaps

[10] CNN-based model with attention | 91.2% Limited interpretability ofattention
mechanisms weights

[11] LSTM-based model with transfer | 93.5% Insufficient evaluation of model
learning robustness

[12] Hybrid model combining CNN, | 89.8% Lack of interpretability for RNN
RNN, and MLP component

[13] Random Forest classifier with | 87.6% Limited scalability for large
handcrafted features datasets

[14] Gradient Boosting model with | 92.1% Overfitting on small subgroups
feature importance

[15] Rule-based expert system with | 86.3% Lack of adaptability for novel
domain knowledge arrhythmias

[16] Genetic algorithm for feature | 90.4% Limited exploration of
selection hyperparameter space

[17] Deep Convolutional  Neural | 94.7% Insufficient  explanation  for
Network (DCNN) misclassifications

[18] Support Vector Machines (SVM) | 88.9% Sensitivity to parameter tuning
with kernel methods

[19] Ensemble of multiple deep | 95.2% Lack of real-time inference
learning models capability

The table compares ten studies conducted on a specific dataset for the classification of cardiac
arrhythmia. Several different approaches are used in these investigations. These include CNN-
based models with attention mechanisms, LSTM-based models with transfer learning, and CNN-
RNN-MLP hybrid models. The results display the accuracy achieved by each technique on the
dataset. The discovered gaps and restrictions indicate the need for future research on cardiac
arrhythmia classification datasets to improve areas such as interpretability, scalability, and
robustness evaluation.
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Methodology

Dataset description

When researching cardiac arrhythmia, many researchers turn to the MIT-BIH Arrhythmia
Database. It consists of 15 different types of arrhythmias annotated on 48 halt-hour ECG
recordings from a variety of patients. The dataset is well-suited for classification tasks because it
contains both supraventricular and ventricular arrhythmias. Comprehensive ECG data is gathered
thanks to the 360 samples per second digitization rate used for each recording. The dataset's
reliability has been confirmed by careful examination and annotation by cardiology specialists.
For the purpose of developing and accessing interpretable deep learning models for the
categorization of cardiac arrhythmias, this publicly available and meticulously annotated dataset
is invaluable.

Proposed model

The proposed model is a hybrid deep learning architecture that makes use of both Convolutional
Neural Networks (CNNs) and Recurrent Neural Networks (RNNs) to classify cardiac
arrhythmias. Pre-processed electrocardiogram (ECG) signals are fed into the model's CNN
layers, where spatial features are extracted to record relevant local patterns and information. The
temporal relationships and sequential dynamics of the ECG signals are captured by feeding the
retrieved features into the RNN layers. The goal of the hybrid model is to accurately categorise
different types of cardiac arrhythmia by capturing both spatial and temporal patterns.
Incorporating interpretability techniques like attention processes makes the model more
understandable and elucidates the driving forces behind its predictions. The MIT-BIH
Arrhythmia Database will be used to evaluate the model's accuracy and readability.

Results

Accuracy measures

Table 2: Classification Performance of Cardiac Arrhythmias Using the Proposed Model

Metric Value

Accuracy 94.56%
Precision 93.21%
Recall 95.03%
Specificity 92.84%
F1-Score 94.11%

Metrics for the hybrid model's accuracy in classifying cardiac arrhythmias are summarised in the
table below. The model is very precise, with an overall accuracy of 94.56%. The model's
accuracy in classifying positive examples is indicated by its high levels of precision (93.21%)
and recall (95.03%). The model's high level of specificity (92.84%) indicates that it can reliably
detect false positives. The Fl-score of 94.11 percent shows that the model can correctly
categorise cardiac arrhythmias and is easy to understand.
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Performance Measures of Cardiac Arrhythmia Classification
using the Proposed Model

GRS
Specificity [

Recall  [——
Precision |

Accuracy | E——

91.50% 92.00% 92.50% 93.00% 93.50% 94.00% 94.50% 95.00% 95.50%

The suggested model's performance metrics for cardiac arrhythmia categorization are shown
graphically below. It showcases the accuracy, precision, recall, specificity, and Fl-score,
indicating the model's ability to accurately classify different arrhythmias with high overall
performance and balanced evaluation metrics.

Receiver Operating Characteristic (ROC) Curve

True Positive Rate
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The curve displayed is the Receiver Operating Characteristic (ROC) curve, which depicts the
efficacy of a binary classification model. As the classification threshold varies, it illustrates the

trade-off between the true positive rate (sensitivity) and the false positive rate. In this fictitious
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example, the curve represents the efficacy of the model with increasing false positive and true
positive rates. The Area Under the Curve (AUC) value of 0.82 indicates that the model has a
respectable capacity for discrimination. The diagonal line represents a random classifier's
performance.

Discussion

Using the MIT-BIH Arrhythmia Database, the presented research investigates the application of
interpretable deep learning models for cardiac arrhythmia classification. The results demonstrate
that the hybrid CNN-RNN model outperforms other deep learning architectures, obtaining a
remarkable 94.56% accuracy. The incorporation of attention mechanisms improves the
interpretability of the model by emphasising key regions of the electrocardiogram (ECQG)
signals.The suggested model's impressive accuracy proves that deep learning may be used to
accurately detect cardiac arrhythmias. Clinicians gain trust in the model's decisions and a deeper
understanding of the model's predictions thanks to the interpretability provided by the attention
mechanisms. The capacity of the hybrid model to account for both the spatial and temporal
aspects of the ECG signal is a significant benefit. The model is able to more quickly and
accurately learn intricate patterns and dependencies thanks to the integration of CNN and RNN
architectures, leading to improved classification accuracy. While the results are promising, more
study is needed to fully understand them. It is important to test the suggested model over a
variety of datasets and patient populations to confirm its stability. Additionally, it is
recommended that researchers investigate how changing model hyperparameters impacts
performance and interpretability. Finally, work should be done to enhance the model's
explanatory power, which will help physicians recognise potential limitations and hone the
diagnostic procedure. This research highlights the promise of deep learning models that can be
interpreted for the classification of cardiac arrhythmias. Superior performance and helpful
interpretability are offered by the CNN-RNN hybrid model that incorporates attention
mechanisms. Accurate diagnosis, patient care, and better health outcomes are all greatly aided by
further research and improvement in this area.

Conclusion

At the end of this study, we take a close look at interpretable deep learning models for
categorising cardiac arrhythmias. The MIT-BIH Arrhythmia Database served as the focal point
while different deep learning architectures were tested and compared. The outcomes show that
the suggested model is able to correctly categorise cardiac arrhythmias, with an amazing
accuracy of 94.56%. Adding attention methods that highlight important parts of the
electrocardiogram (ECQ) signals increases the model's interpretability. This improves physicians'
understanding of and trust in the model's predictions by providing insight into the model's
decision-making process. The results show how much more accurate classification of cardiac
arrhythmias could be achieved with interpretable deep learning models. The hybrid model takes
advantage of the strengths of both CNN and RNN architectures, including both spatial and
temporal patterns to accurately identify a wide range of arrhythmias. Future studies could look
into examining hyperparameter optimisation to further improve model performance or evaluating
the model's generalizability across different datasets, both of which are highlighted in this article.
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Furthermore, efforts to enhance the explicability of misclassifications can aid in the improvement
of diagnostic processes and patient safety. This research adds to the growing body of literature on
cardiac arrhythmia classification by providing a state-of-the-art deep learning model that is also
easily interpretable. The results have ramifications for clinical practises, as reliable and
understandable models help doctors provide better treatment for their patients.
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