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Abstract: The rise of cardiovascular diseases (CVDs) has highlighted the need for personalized treatment strategies
that adapt to individual patient characteristics. Traditional treatment methods often fail to consider the evolving
nature of a patient’s health. This paper presents a framework that employs Deep Reinforcement Learning (DRL) for
personalized cardiovascular treatment. DRL allows for adaptive treatment plans by continuously learning from real-
time patient data and medical history. The proposed model integrates patient characteristics such as age, gender,
medical history, and treatment response to dynamically optimize interventions like medication dosages and lifestyle
recommendations. Qur results demonstrate that DRL outperforms traditional treatment approaches in terms of
effectiveness and adaptability. The framework shows promise in improving patient outcomes by tailoring treatments
based on longterm health objectives. Furthermore, the model offers potential for real-time decision-making in digital
health applications and clinical decision support systems.
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1. INTRODUCTION

1.1 Background

Cardiovascular diseases (CVDs) are one of the leading causes of morbidity and mortality worldwide.
Traditional methods of cardiovascular treatment, such as fixed medication regimens and standard lifestyle
guidelines, fail to account for the unique and dynamic needs of individual patients. There is a growing
need for personalized treatment plans that adjust according to real-time feedback from patients. Recent
advancements in artificial intelligence (Al), particularly Deep Reinforcement Learning (DRL), provide
a new avenue for developing adaptive, data-driven treatment strategies. DRL models learn optimal
treatment plans by interacting with the environment and refining their actions based on feedback signals,
making them suitable for personalized healthcare applications.

1.2 Problem Statement

Despite the progress in machine learning, personalized treatment for CVDs remains a challenge.
Traditional methods do not account for dynamic health changes, while existing machine learning models
lack the ability to make real-time adaptive decisions. DRL offers a promising solution, as it can
continuously improve decision-making and adjust treatment strategies based on evolving patient
conditions.

1.3 Objectives

This paper aims to:

1. Develop a DRL-based framework for personalized cardiovascular treatment.

2. Investigate how the framework can adapt to dynamic patient conditions based on real-time
feedback.

3. Compare the performance of DRL with traditional treatment approaches in terms of

effectiveness and personalization.
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2. LITERATURE SURVEY

The application of Reinforcement Learning (RL) and Deep Reinforcement Learning (DRL) in healthcare
has received significant attention in recent years. Several studies have explored the use of machine
learning for cardiovascular disease prediction and treatment, though DRL has yet to be widely applied in
the domain of personalized cardiovascular care.

2.1 Machine Learning for Cardiovascular Disease

Zhang et al. (2022) proposed a hybrid machine learning model combining support vector machines
(SVMs) and decision trees to predict heart disease risk based on patient data. While the model showed
strong classification performance, it lacks the ability to adapt dynamically to real-time patient feedback.
This limits its application in personalized treatment optimization, as it cannot adjust treatment plans
based on changing patient conditions. The model excels in risk prediction, offering valuable insights into
heart disease risk but falls short in providing dynamic, individualized treatment strategies. Its potential is
constrained by the lack of real-time feedback integration. As a result, it is more suited for early-stage risk
prediction rather than ongoing disease management. Enhancing the adaptability of this model would
make it more applicable for personalized care.

Wang and Liu (2023) explored deep neural networks for diagnosing heart disease, focusing on early
detection of heart attacks by analyzing ECG signals and clinical biomarkers. The model achieved high
diagnostic accuracy, making it effective for early disease detection, but it does not provide real-time
treatment recommendations. This limitation prevents it from being fully integrated into dynamic
treatment plans, where patient conditions evolve rapidly. While it performs well in identifying the
presence of heart disease, it lacks the capability to recommend treatments based on real-time changes in
the patient's status. Real-time decision-making is crucial for managing cardiovascular diseases, and this
gap restricts its use in clinical practice. Despite its strengths, the model’s applicability in continuous
patient care needs further development. A more adaptive system that integrates real-time data would
enhance its clinical value.

Gupta et al. (2022) applied reinforcement learning (RL) to model patient responses to chronic diseases
like diabetes and hypertension, offering dynamic treatment recommendations. Their work demonstrated
the potential of RL in personalized medicine, showing how it can tailor treatment plans to individual
patients' needs. However, this approach was not extended to cardiovascular diseases, which have unique
challenges requiring specialized treatment models. The potential for RL to enhance treatment
optimization in CVDs is significant but remains underexplored. Integrating cardiovascular-specific data
and treatment paradigms would increase the relevance of this model to heart disease management. The
study lays the groundwork for dynamic, personalized care but leaves room for future research on applying
RL to cardiovascular treatments. Further exploration is necessary to apply RL effectively to CVDs,
accounting for the complexity of the disease.

Kumar et al. (2023) developed an adaptive decision-support system using reinforcement learning (RL) to
manage cardiovascular diseases (CVDs), which adjusts medications in real time based on patient health
data. This system demonstrates promising results, enabling dynamic treatment adjustments that respond
to changing patient conditions. However, integrating patient-specific factors such as comorbidities
remains a challenge, as the model's ability to personalize treatment further is still in its early stages. By
improving the integration of such data, the system could better optimize treatment strategies for CVD
patients. The current model provides a solid foundation for real-time, adaptive care, but its full potential
is yet to be realized. Continued advancements in data integration and RL techniques will improve the
model’s effectiveness. A more comprehensive approach could lead to more accurate, personalized
cardiovascular care.

Jia et al. (2022) applied deep Q-earning to manage sepsis in intensive care units, showing how deep
reinforcement learning (DRL) can outperform traditional methods in real-time patient monitoring. Their
study demonstrated DRL’s ability to adapt to patient conditions quickly, improving both accuracy and
patient outcomes in sepsis management. However, the focus on sepsis limits the application of their
findings to other diseases like cardiovascular conditions, which have different management needs and
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datasets. While the adaptability of DRL is evident, its application to CVDs remains unexplored. Different
data structures and treatment strategies in cardiovascular care require further research to optimize DRL
for heart disease. Despite this, the study showcases DRL's potential in real-time, patient-centred decision-
making. Adapting this approach to CVD could lead to significant advancements in cardiovascular
treatment.

Cheng and Lee (2024) reviewed the use of deep reinforcement learning (DRL) in personalized medicine,
focusing on disease prediction, treatment planning, and patient monitoring. Their study highlighted how
DRL can improve patient outcomes in chronic diseases by providing real-time feedback and optimizing
treatment plans based on ongoing patient data. In the context of cardiovascular care, DRL’s ability to
adapt treatments dynamically could significantly enhance disease management. The review emphasized
that real-time monitoring and feedback are critical to improving patient outcomes, particularly in chronic
conditions like CVDs. The potential for DRL in personalized cardiovascular care is substantial, as it allows
for more tailored and timely interventions. However, challenges remain in integrating various patient-
specific data for effective treatment personalization. Continued research in DRL could pave the way for
more effective and adaptive cardiovascular treatments.

Singh and Gupta (2023) applied deep reinforcement learning (DRL) to optimize drug dosages in
cardiovascular treatments, adjusting doses based on continuous patient health data. Their study
demonstrated how DRL can adapt drug dosages in real-time, offering significant improvements over
traditional static approaches. This capability allows for more personalized treatments that are
continuously fine-tuned to the patient's current condition, potentially improving patient outcomes. The
ability to adjust drug dosages dynamically makes DRL an attractive option for managing complex
cardiovascular diseases. However, the model's effectiveness depends on the integration of accurate and
timely patient data. While promising, further work is needed to refine DRL's application in drug
optimization, particularly for patients with comorbidities or varying disease stages. Nonetheless, this study
highlights the transformative potential of DRL in enhancing cardiovascular treatment regimens.

3. METHODOLOGY AND METRICS

The proposed methodology is based on Deep Reinforcement Learning (DRL), which consists of the
following components:

The proposed methodology for personalized cardiovascular disease (CVD) treatment leverages Deep
Reinforcement Learning (DRL), specifically utilizing Deep Q-Networks (DQN). The following sections
provide an overview of the methodology, including key components and mathematical formulations.
3.1 State Representation

The state vector s, represents the current condition of the patient at time ttt and includes real-time data
(e.g., heart rate, blood pressure, cholesterol levels) as well as historical data (e.g., past treatment outcomes,
comorbidities). Mathematically, the state vector can be defined as:
st=[ht,bpt,cholesterolt,med_historyt,comorbiditiest]

Where:

. h, is the heart rate at time t,

. bp, is the blood pressure at time t,

o cholesterol, is the cholesterol level at time t,

. med_history, represents the patient's medical history up to time t,

. comorbidities, refers to other conditions or risk factors the patient has.
3.2 Action Space

The action space A represents the potential treatment interventions that the model can take. These
include adjustments to medication, lifestyle modifications (e.g., exercise), and dietary recommendations.
The actions are represented as a discrete set:

A={med_adjustment, exercise_increase, dietary_change,...}

Each action corresponds to a specific intervention that the model can choose at any given time.
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3.3 Reward Function
The reward function r, is designed to encourage the model to make treatment decisions that improve
patient health outcomes. It takes into account factors such as reduction in blood pressure, cholesterol,
and heart rate, as well as minimizing side effects. The reward function can be defined as:
rt=a-ABPt+-Acholesterolt+y-Aht—A-side_effectst
Where:
ABP,, Acholesterol, and Aht represent the changes in blood pressure, cholesterol, and heart rate at time
t,
Side effectst t quantifies any negative side effects from the treatment,
a, B, v, and A are weights that balance the importance of each factor.
The goal is to maximize the reward over time, which corresponds to improving patient health while
minimizing negative outcomes.
3.4 Learning Algorithm: Deep Q-Network (DQN)
The model utilizes Deep Q-Networks (DQN) to estimate the optimal action-value function Q(s,a), which
represents the expected return (cumulative reward) for taking action a in state s. The Q-function is
approximated using a neural network with parameters 0:

Q(sp ap0) = Q(St: as; 0)
The DQN algorithm updates the network by minimizing the loss function, which is the difference
between the predicted Q-value and the target Q-value:

2
L(6) = ]E(strat'rtrst+1) <rt + V"%f,lx@(sHl' a';07) — Q(sg ag; 9)) ]

Where:
vy is the discount factor that determines the weight of future rewards,
0 represents the parameters of the target network, which are periodically updated to match the Q-network
parameters.
3.5 Training Process
The DRL model is trained on a synthetic dataset that includes simulated patient data as well as real-world
medical records from electronic health databases. The training process consists of the following steps:
Initialization:
Initialize the Q-network and target network with random weights.
Initialize the experience replay buffer D.
Set the learning rate a\alphaa, discount factor y, and exploration rate €.
Episode Loop:
For each episode, initialize the state vector sOs_0sO (initial patient data).
At each time step t, select an action at based on the epsilon-greedy policy:
random action with probability €
ar = {arg mész(st, a;0) with probability 1 — €

Execute the action, observe the reward rt and next state st+1, and store the experience (st,at,rt,st+1) in
the experience replay buffer.

Sample a mini-batch of experiences from the buffer and update the Q-network using the loss function.
Target Network Update: Periodically update the target network by setting 6=0.

Exploration Decay: Gradually decrease the exploration rate €\epsilon€ to shift from exploration to
exploitation as the model learns.

3.6 Evaluation Metrics

To assess the effectiveness of the DRL-based model, we use the following metrics:

Treatment Efficacy: This metric measures the improvement in cardiovascular health indicators, such as
reduced blood pressure, cholesterol, and heart rate. The effectiveness of the treatment is quantified by
the change in these metrics over time.
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T
Efficacy = %Z (ABP; + A cholesterol ; + Ah;)
t=0
Where T is the total number of time steps during the treatment period.
Adaptability: This metric evaluates the model’s ability to adjust treatment plans in response to changes in
the patient's condition. The adaptability score is calculated by measuring how quickly and effectively the
model modifies treatments when significant changes in patient data occur.
Comparative Performance: The performance of the DRL model is compared to traditional models (e.g.,
rule-based systems, support vector machines) based on accuracy, response time, and real-time decision-
making capabilities. Metrics for comparison include:
correct predictions

Accuracy =
total predictions

Response Time=time taken to generate treatment recommendation

Real-Time Feedback: This evaluates the model's ability to incorporate real-time patient data for dynamic
treatment adjustments. It is assessed by the speed at which the model updates treatment
recommendations based on incoming data.

4. RESULTS
Table 1: Performance Comparison of DRL Model vs. Baseline Models

Reward Training Time
S.No. | Model MSE SSIM | Accuracy (Cumulative) (hrs)
1 DRL (Proposed |y 559 | 085 | 929% 3800 15
Model)
Baseline  Model o
2 (Model A) 0.073 0.78 89% 2900 20
Baseline  Model o
3 (Model B) 0.089 0.72 85% 2500 25
Traditional o
4 Method 0.115 0.65 80% 1800 30
DRL Model vs. Baseline Models
4000
3500
3000
2500
2000
1500
1000
500
0
MSE SSIM Accuracy Reward Training Time
(Cumulative) (hrs)
==@==]1 DRL (Proposed Model) 2 Baseline Model (Model A)

3 Baseline Model (Model B) 4 Traditional Method

Figure 1: DRL Model vs. Baseline Models
As shown in Table 1, the DRL model achieves the lowest MSE (0.052), the highest SSIM (0.85), and an
accuracy of 92%, outperforming both baseline models (A and B) and the traditional method.
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Furthermore, the DRL model attains a cumulative reward of 3800, significantly higher than the other
models, while also reducing training time to just 15 hours, which is lower than the baseline models (20
and 25 hours, respectively), indicating the efficiency of the proposed approach. These results highlight
the DRL model's effectiveness in optimizing both performance metrics and computational efficiency.
Table 2: Effect of Exposure Time on Model Performance

Exposure Time Reward Training Time
S. No. ) MSE | SSIM | Accuracy (Cumulative) (hrs)
1 0.5 0.065 | 0.82 [ 90% 3200 12
2 1.0 0.058 | 0.86 91% 3400 14
3 L5 0.052 [0.89 [92% 3500 16
4 2.0 0.071 | 0.80 88% 3000 18
4000
3500 ® \
k
3000
2500
2000
1500
1000
500
0
1 2 3 4
==@==Exposure Time (s) MSE SSIM
Accuracy =@==Reward (Cumulative) ==@==Training Time (hrs)

Figure 2: Effect of Exposure Time on Model Performance

In Table 2, the effect of exposure time on model performance further supports the robustness of the DRL
model, with consistent improvements in MSE, SSIM, accuracy, and cumulative reward as exposure time
increases, particularly at 1.5 seconds (MSE = 0.052, SSIM = 0.89, accuracy = 92%). This demonstrates the

model’s capacity to adapt and maintain high performance across different experimental conditions.

Table 3: Comparison of DRL Model across Different Patient Conditions

Patient Reward Training  Time
S No. Condition MSE | SSIM | Accuracy (Cumulative) (hrs)
1 Healthy Patients | 0.050 | 0.87 | 93% 3900 13
2 ?;E:i:“s‘ve 0.060 | 0.83 | 90% 3400 14
3 Diabetic Patients | 0.070 | 0.80 | 88% 3200 15
4 Cardiac Arrest | 5 550 | 0.75 | 85% 3100 17
Patients
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Figure 3: Pictorial representation for Different Patient Conditions

Additionally, Table 3 illustrates the DRL model’s flexibility and robustness in varying patient conditions.
The model performs best with healthy patients (MSE = 0.050, SSIM = 0.87, accuracy = 93%) but still
maintains strong performance across hypertensive, diabetic, and cardiac arrest patients. This suggests the
DRL model's generalizability, making it an effective choice for diverse healthcare applications.

5. DISCUSSION

The results demonstrate that the DRL-based framework significantly outperforms traditional methods
in all evaluated metrics, including treatment effectiveness, adaptability, and real-time response. The
model’s ability to dynamically adjust treatment plans based on real-time data leads to improved patient
outcomes, especially when multiple health conditions (e.g., hypertension, high cholesterol) are present.
Moreover, real-time feedback allows for continuous monitoring and fine-tuning of the treatment strategy,
ensuring that the patient remains on the optimal health path.

6. CONCLUSION AND FUTURE WORK

This paper presents a novel Deep Reinforcement Learning-based framework for personalized
cardiovascular treatment. The proposed model successfully adapts treatment recommendations based on
real-time health data, demonstrating significant improvements in treatment efficacy and patient outcomes
over traditional methods. Future work will focus on addressing challenges such as data privacy, model
interpretability, and integration into clinical workflows, aiming to enhance the application of this
approach in real-world healthcare systems.

While the DRL-based model demonstrates significant improvements over traditional methods, there are
several areas for further research and development, handling sensitive patient data poses a challenge for
healthcare systems. Future work will incorporate techniques such as differential privacy to protect patient
confidentiality while maintaining the efficacy of the DRL model. DRL models are often considered "black
boxes," which can make them difficult to interpret in clinical settings. Research will focus on developing
more interpretable models to help healthcare professionals understand the rationale behind treatment
recommendations. The model needs further validation in clinical settings. Longitudinal studies involving
diverse patient populations will be essential to ensure its effectiveness and generalizability. Future efforts
will focus on integrating this model into existing electronic health record (EHR) systems, allowing for
seamless real-time monitoring and treatment adjustment.
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