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ABSTRACT

The implementation of electronic prescription systems has been fueled by the growing demand
for security, accuracy, and efficiency in the healthcare industry. In order to improve patient
safety, decrease pharmaceutical errors, and expedite prescription management, this project
focuses on designing and implementing a Medical Electronic Prescription System (MEPS). The
technology replaces conventional paper-based techniques by allowing healthcare practitioners to
electronically generate, transmit, and track prescriptions. It includes functions like automated
dosage recommendations, real-time drug interaction assessments, and secure communication
between patients, physicians, and pharmacists. To guarantee accessibility and dependability, the
system is built with a strong database and an intuitive user interface. This project intends to
enhance drug adherence, reduce prescription fraud, and improve healthcare delivery by

incorporating digital health technologies.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the Study

Electronic prescription (e-prescribing) systems, which promise improved patient safety,
increased productivity, and a reduction in pharmaceutical errors, have revolutionized the
healthcare industry by replacing traditional paper-based prescriptions. By allowing medical
professionals to electronically communicate prescriptions directly to pharmacies, e-prescribing
lowers the risk of human error and unreadable handwriting. Research has demonstrated that this
digital strategy improves workflow and patient care in addition to streamlining the prescription

procedure (Baruah et al. 2020; Samad et al. 2021).

The potential of e-prescribing to lower drug mistakes is among its most noteworthy benefits.
These systems guarantee the correctness of medication names, doses, and instructions by
digitizing prescriptions, avoiding miscommunications and improper dispensing. Additionally,
automated tests for possible drug interactions and contraindications are frequently incorporated
into e-prescribing systems, greatly improving patient safety (Patel et al. 2022; Adewunmi et al.
2023). Adoption of e-prescribing systems is not without difficulties, despite its many advantages.
The smooth adoption of these systems may be hampered by technical obstacles such system
interoperability, expensive implementation, and the requirement for user training. Deploying
such systems can provide major financial and technological challenges, especially for smaller
healthcare facilities (Johnson et al. 2019; Wang et al. 2021). Additionally, e-prescribing methods
may pose new issues, including errors caused by software faults or user interface designs that are

not user-friendly (Kumar et al. 2020; Smith et al. 2023).
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To overcome these obstacles and guarantee the effective deployment and functioning of e-
prescribing systems, strong hardware, dependable software, and a network infrastructure that is
well-supported are needed. Furthermore, to fully realize their potential, continuous system

updates and user training are necessary (Rahman et al. 2021).

Although e-prescribing is a significant advancement in contemporary healthcare, its full
potential requires resolving the related financial and technical obstacles. E-prescribing systems
have the potential to significantly improve patient outcomes, lower healthcare costs, and increase

overall efficiency when incorporated into healthcare practices.

1.2 Statement of Problem

In medical contexts, writing prescriptions is an essential part of patient care. However, there
is a high risk of mistakes, inefficiencies, and delays with traditional paper-based prescribing
processes. According to studies, prescription problems, such as illegible handwriting, wrong
dosages, and drug interactions, account for up to 70% of medication errors (Patel et al. 2022;
Smith et al., 2023). These problems frequently result in poor patient outcomes, including
improper medicine administration, a rise in hospitalizations, and, in the worst situations, death.
Furthermore, the time required manually filling prescriptions takes away from the amount of

time medical staff may spend providing direct patient care.

Prescriptions created and transmitted manually are also very prone to inefficiencies,
especially in hectic medical environments. The inability of pharmacists to read handwritten
prescriptions frequently causes delays in medicine dispensing. High patient volume settings
make this issue worse because staff members might not have enough time to thoroughly go over

prescription specifics.  Additionally, manual systems' lack of real-time drug interaction
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assessments raises the possibility of prescribing dangerous prescription combinations,

endangering patient safety (Adewunmi et al., 2023).

By digitizing the prescription process, guaranteeing legibility, and lowering the chance of
human error, electronic prescription systems, or e-prescribing, offer a viable answer to these
issues. Real-time assessments for possible drug interactions, allergies, and inappropriate dosages
are also made possible by e-prescribing, which enhances patient safety (Baruah et al. 2020;
Kumar et al. 2020). Despite the potential benefits, many healthcare practitioners encounter
obstacles when attempting to implement e-prescribing systems, particularly in settings with
limited resources. High implementation costs, technological difficulties, and healthcare worker
resistance to change are some of these obstacles (Wang et al. 2021). Furthermore, e-prescribing
systems' optimal operation is still hampered by their lack of connection with other health

information technology (Rahman et al. 2021).

Therefore, it is imperative to develop and deploy a medical electronic prescription system
that not only overcomes the drawbacks of conventional paper-based techniques but also includes
essential components that guarantee the system's scalability and efficiency, especially in
healthcare settings with limited resources. A more efficient prescription procedure overall, better
healthcare delivery, and increased medication safety could result from the effective deployment

of such a system.

Because handwritten prescriptions are frequently unreadable, pharmacists and other
healthcare professionals may misinterpret them. This raises the possibility of medication
mistakes, which could lead to improper drug administration or adverse drug events (ADEs).
According to a systematic research, problems with handwritten prescriptions account for almost

half of pharmaceutical errors (Salmasi et al. 2017). These mistakes have the potential to be
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lethal, resulting in complications, extended hospital stays, or even patient death. Prescriptions
are frequently given to patients in person under the old prescription system, and they
subsequently take them to a drugstore. Communication between pharmacists and healthcare
providers is hampered by this manual transmission procedure. Inaccurate medicine dispensing
may result from pharmacies misreading or misinterpreting the prescription. Ineffective
communication between healthcare organizations frequently causes major delays in patients

receiving their prescribed drugs on time (Kumar et al. 2020).

Because paper-based prescriptions are so easily changed or tampered with, they are
vulnerable to fraud and forgery. This may result in a general rise in prescription drug addiction
as well as the abuse of controlled substances. Because handwritten prescriptions cannot be traced,
it is challenging for authorities to keep an eye on prescription procedures and identify fraudulent
activity. A digital trail offered by electronic prescription systems improves accountability and

lowers the possibility of prescription fraud (Ashfaq et al. 2021).

The shortcomings of conventional prescription methods have been further brought to light by
the growth of telemedicine, especially in the wake of the COVID-19 pandemic. Physical or
handwritten prescriptions are impractical and cause delays in access to critical medications in
telemedicine settings, when patients get care remotely. By impeding the successful transmission
of prescriptions to pharmacies, especially in underserved or rural areas, electronic prescription
systems might significantly reduce the efficacy of telemedicine (Ahmed et al. 2021). Traditional
systems make it challenging to track whether patients are following their recommended therapies
because they make it difficult for healthcare practitioners to keep track of when prescriptions are
filled or refilled. Poor medicine adherence can affect patient outcomes, and this lack of

understanding of patient behavior can contribute to it. On the other hand, electronic prescription
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systems provide tools for monitoring prescription fulfillment and facilitating prompt follow-ups.
Healthcare professionals lose out on chances to take early action when patients are not adhering
to prescribed regimens if they do not have an effective system in place to monitor patient

adherence (Manias et al. 2020).

The necessity of creating and implementing an Electronic Prescription System (eRx) is
highlighted by the continued existence of these issues with the conventional prescription system.
Illegibility concerns would be resolved, pharmacy-provider communication would be improved,
integration with patient medical histories would be facilitated, fraud would be prevented,
telemedicine would be supported, and patient compliance monitoring would be improved. An e-
prescription system has the potential to greatly enhance patient outcomes and the general

effectiveness of healthcare delivery by tackling these issues.

1.3 Aim and Objectives

The aim of this project is to design and implement an efficient and secure Medical Electronic
Prescription System for patients that minimizes medication errors, enhances communication
between healthcare providers and pharmacies, and provides a secure, user-friendly platform for

managing patient prescriptions in both hospital and telemedicine settings.

To achieve the above aim, the specific objectives of this project are as follows:

To design a system that allows healthcare providers to issue prescriptions electronically.

To develop a user-friendly interface for doctors, pharmacists, and patients to access and

manage prescriptions.
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To implement robust security protocols to safeguard patient medical records and prescription

information.

To reduce prescription errors and improve the safety and effectiveness of patient care.

1.4 Significance of the Study

Modernizing healthcare delivery and lowering the possibility of drug errors require the use of
an electronic prescription system. By lowering the possibility of mistakes like improper dosages
and drug interactions, prescribing systems greatly improve the accuracy of pharmaceutical orders
(Abramson et al. 2017). In addition to increasing patient safety, this approach will simplify
healthcare providers' workflow and lessen the administrative strain that comes with manual

prescriptions.

Because prescriptions are sent straight to pharmacies, an electronic prescription system
guarantees patients quicker access to their medications. Additionally, it makes it possible to
track patient medication histories more effectively, which lowers the chance of adverse drug
events (ADEs). According to Creswell et al. (2019), this method will help reduce healthcare
expenses related to prescription errors and hospital readmissions. The study's overall goal is to
introduce a prescription management system that is dependable, secure, and efficient in order to
improve healthcare results. This study explores the importance of adopting electronic

prescription systems and their impact on healthcare outcomes.

1. Reduction of Prescription Errors

The capacity of an electronic prescription system to decrease handwritten prescription errors,
including illegibility, dose errors, and drug interactions, is one of its most important advantages.
Research has indicated that poor handwriting and misunderstandings account for a large
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percentage of drug mistakes. According to Salmasi et al. (2017), problems that can be avoided
with digital prescriptions account for almost half of medication errors in manual systems. The
technology guarantees more accuracy in prescription production and interpretation by doing

away with manual processes, which improves patient outcomes.

2. Improved Efficiency in Healthcare Delivery

Prescription process automation in healthcare facilities can simplify procedures and lessen
the effort for medical staff. The technology lowers waiting times, streamlines pharmacy
inventory management, and eliminates the delays that come with manual delivery by
electronically sending prescriptions to pharmacies. E-prescribing decreases inefficiencies in the
healthcare system and enhances the promptness of prescription delivery. These enhancements
guarantee that patients receive their prescriptions without needless delays and help healthcare

facilities manage their resources more effectively.

3. Improved Patient Safety and Care

Electronic health records (EHRs) and electronic prescription systems can be integrated to
give medical professionals a comprehensive picture of a patient's medical history, including
allergies, prescription drugs, and past therapies. This thorough access lowers the risk of adverse
drug events (ADEs) by assisting in the identification of possible drug interactions. According to
Federico et al. (2017), e-prescriptions and other health information technologies help lower
adverse drug events (ADEs), improving patient safety overall. Safer prescribing practices result
from healthcare professionals making informed decisions thanks to the system's capacity to

produce notifications for possible drug interactions.

4. Support for Telemedicine and Remote Healthcare
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The necessity for electronic prescription systems has increased dramatically as a result of the
COVID-19 epidemic and the quick growth of telemedicine. Patients can interact with medical
professionals at a distance thanks to telemedicine, and the incorporation of e-prescriptions
guarantees that patients can still get their prescriptions even in the event of virtual consultations.
By guaranteeing that patients' medication needs are satisfied remotely, electronic prescription
systems play a crucial role in promoting continuity of care in telemedicine services (Ahmed et al.
2021). This is particularly important in nations or areas where access to in-person medical

treatment is scarce.

The potential for an electronic prescription system to revolutionize healthcare delivery
through increased patient safety, decreased medication errors, improved healthcare efficiency,
and support for telemedicine services makes its design and implementation crucial. These
systems will be essential to updating healthcare infrastructures and satisfying the rising need for

easily available, high-quality care as healthcare becomes more digitalized.

1.5 Scope of the Study

This project's scope is restricted to designing and implementing an electronic prescription
system for usage in pharmacies and healthcare facilities. The system's primary goals will be to
enable electronic prescriptions from healthcare professionals and to integrate with pharmacy
networks for the dispensing of medications. In order to guarantee adherence to healthcare laws
like the Health Insurance Portability and Accountability Act (HIPAA), the study will also
address data security and patient privacy protections. Other facets of healthcare management
systems, such as hospital management systems or electronic health records (EHR), will not be

examined in this study.
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1.6 Definition of Terms

1. Electronic Prescription System (EPS): A system that allows healthcare providers to
electronically create and transmit prescriptions to pharmacies.

2. Medication Error: A preventable event that may cause or lead to inappropriate medication
use or patient harm.

3. Adverse Drug Event (ADE): An injury caused by the use of medication, either through
incorrect administration or reaction to the drug.

4. Data Security: Protection of digital information from unauthorized access or corruption.

5. Integration: The process of connecting different systems to work together as a unified system.

The move from traditional paper-based prescriptions to electronic systems is essential for
improving the accuracy, safety, and efficiency of the healthcare delivery process. This chapter
has introduced the importance of electronic prescription systems in reducing medication errors
and improving communication between healthcare providers and pharmacies. The proposed
system is aimed at addressing the shortcomings of paper-based prescriptions, providing a reliable
and secure alternative for both patients and healthcare professionals. The next chapters will focus

on the design, implementation, and evaluation of the electronic prescription system.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of Prescription Systems

Handwritten prescriptions have historically been used to handle the prescription process,
which is a vital part of healthcare delivery. Patient safety is at risk since manual methods
frequently have problems including unreadable handwriting, transcription errors, and lost
prescription slips (Alotaibi et al. 2017). Healthcare providers can now create and send
prescriptions electronically because to the emergence of electronic prescription (e-prescription)
systems, which digitize the procedure. E-prescription systems improve communication between
healthcare providers, decrease drug errors, and increase the accessibility and quality of patient
records (Madden et al. 2018). Because prescriptions may be sent straight from medical
professionals to pharmacies, these systems greatly reduce the possibility of prescription errors or
forgeries, which speeds up operations. Electronic health records (EHRs) can also be integrated

with e-prescriptions., providing a seamless flow of patient data.

Numerous studies have shown the significance of e-prescription systems in raising the
standard of treatment, and they have completely changed the way healthcare is managed. By
lowering medication errors, making prescriptions easier to read, and guaranteeing prompt access
to prescribed drugs, e-prescription systems help to improve patient safety (Albarrak et al. 2019).
Additionally, e-prescriptions improve the overall effectiveness of medication management by
lowering the possibility of misunderstandings and unfavorable drug interactions (Hughes et al.
2018). Different e-prescription systems have different architectures and designs. Some use a

decentralized model in which prescriptions are sent directly between pharmacies and healthcare
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providers, while others use a centralized model in which all prescriptions are kept in a single
repository (Keshta et al. 2021). E-prescription systems, also known as electronic prescribing
systems, have been instrumental in modernizing healthcare by offering a digital alternative to

traditional paper-based prescriptions (Abramson et al., 2018).

These systems enable healthcare professionals to generate and transmit prescriptions
directly to pharmacies through secure electronic channels, reducing prescription errors,
improving patient safety, increasing the efficiency of prescription management, and
strengthening the coordination between healthcare providers and pharmacies. The centralized
model allows for better oversight and tracking of prescription data, making it easier to access
patient medication histories, which is crucial in preventing over prescription or abuse of

controlled substances.

The decrease in drug errors is one of the main benefits of e-prescription systems.
Pharmacies may make mistakes while dispensing traditional handwritten prescriptions because
they can be challenging to read. Pharmacists can easily comprehend pharmaceutical dosages,
instructions, and patient information thanks to e-prescription systems, which reduce the
possibility of illegibility-related misinterpretation (Stone et al., 2017). A reduction in adverse
drug events (ADEs), which can happen as a result of mistakes made when prescribing or

dispensing medications, has been connected to this improvement.

2.2 Key Features of E-Prescription Systems

E-prescription systems incorporate several features aimed at improving the prescription

process and patient safety. Some of the most important features include:
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1.

Drug Interaction Alerts: Drug databases that identify possible interactions, allergies, or
contraindications in real time are often integrated with e-prescription systems. This
feature guarantees that medical professionals can prescribe drugs with knowledge. The
prevalence of prescribing prescriptions that could adversely interact with other
medications the patient was currently taking was decreased by the addition of real-time

notifications to e-prescription systems (Strayer et al. 2017).

Integration with Electronic Health Records (EHRs): When writing a prescription, medical
professionals can access a patient's whole medical history because to the integration of
the majority of e-prescription systems with EHRs. Prescriptions are made in accordance
with the patient's present conditions and past treatments thanks to this integration
(Everson et al., 2018). Additionally, it helps avoid overprescribing, especially for

controlled medications, which can result in abuse or addiction..

Audit Trails and Prescription Tracking: All prescription-related activities, including the
pharmacy where the prescription was filled, the healthcare professional who issued it, and
the patient's prescription history, are digitally documented via e-prescription systems.
Better monitoring and supervision of prescription trends are made possible by this audit
trail, particularly for banned substances (Carroll et al., 2019). Additionally, it gives
healthcare authorities the capacity to follow prescription movement and keep an eye out

for any possible fraud or misuse..

Remote Access: Since e-prescription systems are frequently cloud-based, medical
professionals can access them from a distance. According to Khosrow-Pour et al. (2018),
this functionality is especially helpful for telemedicine services or situations where the

patient may not be physically present with the clinician. Additionally, through patient
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portals or smartphone apps, patients can view their medication information and request

refills, increasing their involvement in their care..

2.3 Benefits of E-Prescription Systems

The extensive use of e-prescription systems in healthcare settings worldwide can be
attributed to their well-established advantages. These systems provide a number of benefits.
Prescriptions are transmitted straight to pharmacies thanks to e-prescription systems, which
lowers the possibility that patients would misplace or fail to fill their prescriptions. According to
research, e-prescribing improves adherence to recommended treatments by increasing the
possibility that patients would fill their prescriptions (Grossman et al., 2019). As a result, health
outcomes are improved, especially for individuals who are taking medication for chronic
diseases. Medication fraud and abuse may result from the alteration and forging of traditional
paper prescriptions. By including security features like digital signatures, encryption, and
tamper-proof prescription records, e-prescription systems assist lower this risk (Keshta et al
2021). These capabilities allow pharmacists to verify prescriptions in real time and guarantee

that they cannot be changed once they have been issued.

Because e-prescription systems automate a large portion of the prescription process, they
improve efficiency in healthcare settings. With only a few clicks, medical professionals can
choose prescribed drugs from pre-made lists, look for any interactions, and send the order to the
pharmacy. Because of this automation, healthcare professionals can devote more time to patient
care by spending less time on administrative duties (Ruotsalainen et al., 2018). E-prescription
systems help to promote safer prescribing practices by facilitating the integration of prescription
records with EHRs and offering real-time access to medication interaction databases. Healthcare

professionals are less likely to prescribe drugs that are not appropriate or at the wrong dosages
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since they are better able to make educated selections (Davis et al., 2020). Research has

demonstrated that e-prescribing significantly improves patient safety by reducing adverse drug

events (ADEs) and prescription errors (Abramson et al., 2018).

2.4 Challenges of E-Prescription Systems

Despite the numerous benefits, e-prescription systems face several challenges that can

hinder their implementation and effectiveness. These challenges include:

1.

System Interoperability: Interoperability issues among various systems are one of the
biggest obstacles to the broad use of e-prescription systems. Numerous healthcare
providers employ different software platforms, which may result in ineffective
communication between them and fragmented patient data (Abdel-Qader et al., 2020).
The efficacy of e-prescription systems may be limited by interoperability problems that

lead to inconsistent or incomplete medication records.

User Adoption and Training: Healthcare practitioners must receive training and adjust to
new workflows as a result of the switch from traditional paper-based prescriptions to
electronic prescription systems. Concerns about the time and effort needed to become
familiar with the system may cause some providers to oppose this modification. The
advantages of the system may be undermined by mistakes or misuse brought on by

inadequate training (Stone et al., 2017).

Cost of Implementation: An e-prescription system's implementation necessitates a large
hardware, software, and training expenditure. These expenses may be unaffordable for

smaller healthcare institutions, which would hinder the technology's uptake. Furthermore,
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to guarantee that the system stays safe and operational, regular upgrades and maintenance

are required (Jha et al., 2018).

4. Data Security and Privacy Concerns: E-prescription systems are susceptible to
cybersecurity risks, just like any other digital healthcare system. It is crucial to protect
patient data, and any systemic breach might have major ethical and legal repercussions.
Maintaining the confidence of patients and healthcare providers depends on ensuring
adherence to healthcare data protection laws, such as the Nigerian Data Protection
Regulation (NDPR) in Nigeria or the Health Insurance Portability and Accountability Act

(HIPAA) in the United States (Keshta et al., 2021).

2.5 Global Adoption of E-Prescription Systems

Globally, e-prescription system acceptance varies, with the United States, the United
Kingdom, and a few European nations leading the way in system deployment. For instance, as
part of larger initiatives to digitize healthcare, the Health Information Technology for Economic
and Clinical Health (HITECH) Act in the United States has encouraged the widespread
implementation of e-prescribing (Jha et al., 2018). E-prescribing is a component of the European
Union's broader objective of establishing interoperable healthcare systems among its member

states (Ruotsalainen et al., 2018).

The implementation of e-prescription systems is still in its infancy in underdeveloped
nations like Nigeria, where obstacles include infrastructure, expense, and change aversion

(Ogbuabor et al 2019). However, with the increasing focus on digitizing healthcare and
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improving patient safety, there is significant potential for e-prescription systems to become more

widespread in these regions.

2.6 Security and Privacy in E-Prescriptions

Any system pertaining to healthcare must prioritize data security and privacy. Because
they handle private patient information, e-prescription systems are vulnerable to cyberattacks.
As a result, protecting patient information's availability, confidentiality, and integrity comes first.
To ensure data security in e-prescription systems, secure communication protocols, encryption,
and strong authentication procedures are necessary (Keshta et al, 2021). Unauthorized access to
patient data is one of the main issues with e-prescription systems (Al-Ghamdi et al. 2018).
Systems use methods like data encryption, role-based access control, and two-factor

authentication to reduce this risk.

Systems must also adhere to legal frameworks that provide guidelines for protecting
patient data, such as the Nigerian Data Protection Regulation (NDPR) in Nigeria and the Health
Insurance Portability and Accountability Act (HIPAA) in the United States. Ensuring the
integrity of prescription data during transmission is another crucial factor. To guarantee that
prescription data is not changed between the pharmacy and the point of issue, digital signatures

and tamper-proof records are frequently employed (Raza et al., 2020).

2.6.1 Importance of Security and Privacy in E-Prescription Systems

Given the sensitive nature of the data involved, security and privacy are essential
elements of e-prescription systems. These systems handle pharmaceutical records, patient health
information (PHI), and other personally identifiable information (PII) that needs to be shielded

from theft, alteration, and unwanted access. Strong security mechanisms in e-prescription
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systems are essential as the possibility of data breaches, cyberattacks, and other types of digital

intrusion increases with the digitization of healthcare (Keshta et al, 2021).

Unauthorized access to patient data is one of the biggest hazards associated with e-
prescription systems. Identity theft, insurance fraud, and the abuse of controlled substances are
all possible outcomes of such breaches. This is why e-prescription systems must ensure the
confidentiality, integrity, and availability (CIA) of patient data, following guidelines set by
regulations like the Health Insurance Portability and Accountability Act (HIPAA) in the U.S. or

the General Data Protection Regulation (GDPR) in the European Union (Wager et al., 2017).

2.6.2 Key Security Features of E-Prescription Systems

To address security and privacy concerns, e-prescription systems incorporate various
technical safeguards, such as encryption, authentication mechanisms, and secure communication
protocols. These features help to ensure that patient data is protected during transmission and

storage.

1. Data Encryption: Data encryption is one of the main strategies used to safeguard private
data in e-prescription systems. Prescription data is encrypted to prevent unauthorized
users from reading it while it is in transit or at rest. End-to-end encryption is used by
contemporary e-prescription systems to protect data while it is being transmitted between
pharmacies and healthcare practitioners, avoiding data interception or eavesdropping (Al-
Ghamdi et al. 2018). To ensure robust encryption, transport layer security (TLS) and

advanced encryption standards (AES) are frequently used.

2. Authentication and Authorization: Role-based access control (RBAC) and multifactor

authentication (MFA) are used by e-prescription systems to guarantee that only
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authorized individuals have access to private information. With MFA, users must
confirm their identity using a variety of techniques, including passwords, biometric scans,
or one-time codes provided to their mobile devices. Even in the event that login
credentials are compromised, this lowers the possibility of unwanted access (Keshta et al,
2021). Furthermore, RBAC makes sure that pharmacists, healthcare professionals, and
other stakeholders only have access to the data required for their jobs, avoiding the

needless disclosure of private data.

Audit Trails: Comprehensive audit logs that document every action pertaining to the
production, revision, and transmission of prescriptions are kept up to date by e-
prescription systems. In the event of suspicious activity or data breaches, audit trails
guarantee that every action taken within the system is documented and accessible for
examination. By tracking down unlawful attempts to access or alter prescription data,
these logs assist healthcare companies in meeting regulatory requirements and enhancing

accountability (Hasselgren et al., 2018).

Tamper-Proof Data Storage: To guarantee that prescription records cannot be changed
once they are issued, e-prescription systems use tamper-proof storage techniques. For
regulated substances, where tampering could result in drug addiction or fraud, this
characteristic is very crucial. To confirm the accuracy of prescription information and
identify any unauthorized changes, digital signatures and cryptographic hashes are

frequently employed (McMahon et al, 2020).

2.6.3 Privacy Concerns in E-Prescription Systems
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Protecting patient privacy is as important as securing the data itself. Privacy concerns in
e-prescription systems revolve around the improper use or sharing of patient data, whether
intentional or accidental. Patients expect their health information to be handled with care, and

breaches of privacy can result in loss of trust in healthcare providers and systems.

e Patient Consent and Data Ownership: Making sure patients are aware of how their data is
used and who can access it is one of the main ethical concerns with e-prescription systems.
According to Al-Ghamdi et al. (2018), patient permission is crucial, and e-prescription
systems need to give patients the ability to manage who has access to their data. For example,
individuals may decide to restrict access to specific medications, especially those associated

with delicate medical conditions.

e Compliance with Legal Frameworks: « A number of legislative and regulatory frameworks
aimed at safeguarding patient privacy must be adhered to by e-prescription systems. While
the GDPR regulates data protection for citizens of the European Union, HIPAA establishes
the baseline for protecting PHI in the United States. Legal repercussions, such as hefty fines
and sanctions, may arise from breaking these rules. The significance of following the
GDPR's guidelines for purpose limitation and data minimization, which make sure that only

information that is required is gathered and used for its intended purpose (Keshta et al, 2021).

e Data Breach Risks: Despite the security mechanisms in place, e-prescription systems are still
vulnerable to assaults, such as ransomware, phishing, or hacking. A data breach can disclose
sensitive information, leading to privacy violations or identity theft. Strong incident response
strategies, frequent vulnerability assessments, and timely application of security updates are

all necessary for healthcare companies to reduce these risks (Alqarni et al., 2020).
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2.6.4 Enhancing Security and Privacy in E-Prescription Systems

To further enhance security and privacy, ongoing efforts are being made to improve e-
prescription systems. These efforts include the implementation of emerging technologies and the

development of stronger regulatory frameworks.

Blockchain Technology: Blockchain has been suggested as a way to improve e-
prescription systems' data security and privacy. Prescription data is protected against
manipulation and unlawful changes by being kept across numerous nodes thanks to blockchain's
decentralized architecture. Furthermore, an audit trail that can confirm the legitimacy of
prescription data is provided by the transparent and unchangeable ledger of blockchain
technology (McMabhon et al, 2020). The management of e-prescriptions might be completely
transformed by this technology, which would provide improved data integrity and privacy

protection.

Artificial Intelligence (Al) and Machine Learning: The use of artificial intelligence (AI)
and machine learning (ML) as instruments to identify and stop security risks in e-prescription
systems is being investigated. Al can spot irregularities that can point to a possible security
breach or illegal access by examining user activity and system logs. Additionally, machine
learning algorithms can improve fraud detection, especially when it comes to keeping an eye out

for unusual prescription patterns (Rathore et al., 2020).

Security Training and Awareness: The human element is among the most neglected
facets of e-prescription system security. In order to protect patient data, administrative personnel

and healthcare practitioners need to be taught to identify security threats including phishing
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emails and weak passwords. Frequent security awareness and training initiatives can greatly

lower the possibility that human error will result in data breaches (Alqarni et al., 2020).

For e-prescription systems to be implemented and run successfully, security and privacy
are crucial. Because these systems manage private patient information, they are frequently the
focus of data breaches and cyberattacks. To guarantee the security of patient data, e-prescription
systems must incorporate strong encryption, authentication, and auditing procedures.
Furthermore, preserving patient confidence and avoiding fines depend on adherence to
legislative frameworks like HIPAA and GDPR. In the rapidly changing world of digital
healthcare, emerging technologies like blockchain and artificial intelligence (Al) present
intriguing ways to improve the security and privacy of e-prescription systems and guarantee that

patient data is kept safe.

2.7 Technological Tools for E-Prescription Systems

A range of technology tools are used in the creation and deployment of e-prescription
systems. Large amounts of patient and prescription data must be stored and managed using
database management systems (DBMS). According to Martinez-Pérez et al. (2018), popular
DBMS alternatives that facilitate safe and effective data storage and retrieval include MySQL,

PostgreSQL, and Oracle databases.

Because it provides scalable storage options and permits remote access to prescription
data from any location, cloud computing has also grown to be a crucial component of
contemporary e-prescription systems (Olatunji et al, 2020). Cloud-based solutions give
healthcare institutions the freedom to increase their processing and storage capabilities as needed

while protecting private patient data.
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Moreover, mobile applications have become increasingly popular in e-prescription
systems. Mobile apps allow healthcare providers to issue prescriptions on the go, and patients
can access their prescription history and refills through their smartphones (Khezri et al, 2020).
This mobile integration enhances user convenience and accessibility, contributing to better

patient compliance with prescribed medications.

2.7.1 Technological Tools in E-Prescription Systems

Advanced technological solutions that enable safe data transmission, smooth integration,
and effective prescription management are crucial to the development and implementation of e-
prescription systems. In addition to automating the creation and transmission of prescriptions,
these systems guarantee the safe exchange of data between pharmacies and healthcare
professionals, improving patient care and streamlining operations. The effective deployment of
e-prescription systems depends heavily on technologies like blockchain, cloud computing,

artificial intelligence (Al), and electronic health records (EHRs) (Keshta et al, 2021).

2.7.2 Cloud Computing in E-Prescription Systems

One of the key technologies that makes it possible for e-prescription systems to function
is cloud computing. Regardless of their physical location, healthcare clinicians can remotely
access patient records, create prescriptions, and send them to pharmacies by using cloud-based
technologies. For smaller healthcare institutions that do not have the funds to invest in pricey
infrastructure, cloud-based e-prescription systems provide scalability, flexibility, and cost-
efficiency (Alotaibi et al, 2017). Large amounts of prescription data can also be stored on the

cloud, where they can be safely backed up and retrieved as needed.
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Furthermore, by enabling real-time updates and the exchange of patient prescription
histories, cloud-based solutions improve cooperation between pharmacies and healthcare
professionals. This lowers the possibility of drug interactions or duplicate prescriptions (Keshta
et al, 2021).Cloud computing also facilitates the integration of e-prescription systems with other
healthcare technologies, such as EHRs and telemedicine platforms, providing a comprehensive

view of patient health information.

2.7.3 Artificial Intelligence (Al) in E-Prescription Systems

E-prescription systems are progressively incorporating artificial intelligence (Al) to
improve prescription accuracy and decision-making. Large volumes of patient data, such as
allergies, medical histories, and current prescriptions, can be analyzed by Al algorithms to
deliver real-time suggestions for suitable pharmacological regimens. This lowers the possibility
of drug errors and assists medical professionals in making better informed prescription selections

(Rathore et al., 2020).

By examining past data and seeing trends in drug interactions, Al-powered technologies
also help forecast possible adverse drug reactions (ADRs). Harmful side effects can be avoided
with this proactive approach, particularly for people with complicated medical conditions. For
example, an Al tool might flag a potential interaction between two drugs that a healthcare
provider may not have immediately considered, prompting them to adjust the prescription (Yang
et al., 2019). Additionally, Al-driven analytics can identify trends in prescription data, such as
overprescribing of certain medications, enabling healthcare organizations to address potential

issues related to drug abuse or resistance.

2.7.4 Blockchain Technology in E-Prescription Systems
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In e-prescription systems, blockchain technology provides a transparent and safe method
of managing prescription data. Prescription records cannot be changed once they are recorded
thanks to blockchain's decentralized and unchangeable nature, which gives pharmacies,
regulatory agencies, and healthcare practitioners a trustworthy audit trail (McMahon et al, 2020).
This is especially crucial for regulated substances because fraud or tampering could result in

abuse or misuse.

By lowering the possibility of data breaches or illegal access to patient information,
blockchain also improves security. The blockchain network records and cryptographically
verifies every transaction, including the issue and filling of prescriptions, so that any effort to
change the data is instantly identifiable (Hasselgren et al., 2018). Additionally, blockchain can
facilitate cross-border e-prescriptions by providing a universal platform for verifying and sharing
prescription data across different healthcare systems, thus improving interoperability and

reducing delays in patient care.

2.7.5 Electronic Health Records (EHR) Integration with E-Prescription Systems

One essential element of e-prescription systems is integration with electronic health
records (EHRs). EHRs offer a thorough overview of a patient's medical history, including
previous diagnoses, treatments, and prescriptions. E-prescription systems can automatically
retrieve pertinent patient data by linking with EHRs. This lowers the possibility of drug
interactions or overdoses by ensuring that new prescriptions are in line with current treatments

(Everson et al., 2018).

EHR integration reduces the need for manual data entry, which further increases

workflow efficiency. The e-prescription system may automatically fill in required areas,
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including patient information, dosage instructions, and medication history, and healthcare
providers can quickly produce prescriptions depending on the patient's current health status
(Ruotsalainen et al., 2018). As a result, healthcare workers have less administrative work to do

and can concentrate more on patient care.

Additionally, EHR-integrated e-prescription systems provide real-time updates, ensuring
that all stakeholders—doctors, pharmacists, and patients—have access to the most current
information. This seamless data exchange promotes better coordination of care and improves

medication adherence.

2.7.6 Mobile Health (mHealth) Applications in E-Prescription Systems

Applications for mobile health (mHealth) are becoming a more and more common
component of e-prescription systems, giving consumers and healthcare professionals easy access
to prescription data. According to Kvedar et al. (2018), mHealth apps enhance medication
adherence and patient engagement by enabling patients to access their prescriptions, request

refills, and receive reminders to take their meds.

Prescriptions can be generated and transmitted remotely with the help of mHealth
apps, which helps healthcare providers better manage patient care, particularly in telemedicine
settings. EHRs and mHealth apps can be integrated, giving clinicians on-the-go access to a
patient's whole medical history and enabling them to make well-informed prescription decisions.
These apps' use of secure communication channels guarantees that patient information is kept

private and secure while being transmitted (Carroll et al., 2019).

2.7.7 Telemedicine Integration with E-Prescription Systems
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Another important technology tool that is connected with e-prescription systems is
telemedicine, which enables medical professionals to give care remotely through phone or video
consultations. Healthcare professionals can evaluate patients' ailments and provide prescriptions
during telemedicine sessions without having to see patients in person. The process is then
expedited and wait times are decreased by electronically sending these prescriptions to the

patient's selected pharmacy (Bhaskar et al., 2020).

When in-person visits were scarce during global health emergencies like the COVID-19
pandemic, the combination of telemedicine and e-prescription technologies proved especially
helpful. Patients can continue taking their prescribed drugs without running the danger of
contracting infectious infections in clinical settings thanks to telemedicine-enabled e-prescription
systems (Bhaskar et al., 2020). Additionally, telemedicine expands access to care for patients in

remote or underserved areas, where healthcare resources may be limited.

E-prescription systems have been revolutionized by technological technologies including
blockchain, cloud computing, artificial intelligence, and mobile applications, which have
increased their security, effectiveness, and accessibility. These tools not only decrease errors and
increase prescription accuracy, but they also foster better communication between patients,
pharmacists, and healthcare professionals. These technologies will probably become even more

important in the future for enhancing patient safety and healthcare outcomes as they develop.

2.8 Legal and Ethical Considerations

Several legal and ethical requirements must be met when e-prescription systems are
implemented. The Nigerian Data Protection Regulation (NDPR) establishes rules for how

healthcare providers handle and exchange patient data and offers guidance for safeguarding
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personal data, including health information. To prevent legal repercussions and safeguard
patient privacy, e-prescription systems must guarantee adherence to these rules (Olumide et al,

2020).

The usage of e-prescription systems raises additional ethical issues. In healthcare
settings, it is essential to provide patient autonomy, confidentiality, and informed consent.
Patients must agree to the electronic sending of their prescriptions and be informed about the
usage of their data. Additionally, It is ethically required to make sure that the system does not
exclude patients who might not have access to digital tools, such as the elderly or those living in

remote places with poor internet connectivity (Ogbuabor et al, 2019).

In addition, data ownership is becoming an increasingly significant ethical issue. The
question of who actually owns the data—the patient, the healthcare provider, or the system
provider—is being debated as cloud-based e-prescription systems become more and more
popular. The duties and responsibilities of all parties involved in managing prescription data

must be clearly defined by established policies (Manogaran et al., 2020).

To guarantee patient safety, data privacy, and regulatory compliance, a number of legal
and ethical issues have been brought about by the growing usage of e-prescription systems.
These systems have a high risk of abuse, data breaches, and moral quandaries because they
handle private patient and medical data. Guidelines for making sure that e-prescription systems
are used in a way that preserves patient privacy and adheres to ethical standards are provided by
legal frameworks like the General Data Protection Regulation (GDPR) in the European Union
and the Health Insurance Portability and Accountability Act (HIPAA) in the United States

(Keshta et al, 2021). Furthermore, ethical questions of informed permission, data ownership, and
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the possibility of unforeseen effects in patient care are brought up by the quick adoption of e-

prescribing technology.

2.8.1 Legal Frameworks Governing E-Prescription Systems

Ensuring adherence to laws that safeguard patient data and guarantee the security of
medical records is one of the most important components of e-prescription systems. Legal
compliance with e-prescription systems is based on a variety of laws and regulations in different

countries.

Insurance Portability and Accountability Act, or HIPAA: Healthcare organizations'
handling of patient data, including data sent through e-prescription systems, is governed by
HIPAA in the US. According to Everson et al. (2018), HIPAA mandates that healthcare
providers put in place administrative, technical, and physical measures to prevent unauthorized
access to or breaches of patient data. This involves making certain that only authorized people
can access patient data and that e-prescription data is encrypted. There are serious legal

repercussions for noncompliance with HIPAA, including fines and sanctions.

The General Data Protection Regulation, or GDPR, offers a thorough legal framework for
the protection of personal data in the European Union, including health information sent via
electronic prescription systems. In order to ensure accountability and transparency, GDPR
mandates that healthcare institutions get express patient consent before collecting or processing
personal data (Keshta et al, 2021). Additionally, GDPR imposes stringent rules on data
minimization, which mandate that e-prescription systems only gather the information required to
specifically issue a prescription. GDPR noncompliance can result in significant penalties and

legal action..
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Controlled Substances Act (CSA): There are further legal issues for e-prescriptions
containing prohibited medications. The Controlled Substances Act (CSA) in the US requires that
electronic prescriptions for controlled substances (EPCS) meet certain security standards, such as
secure transmission of prescription data and two-factor authentication for prescribers (Everson et
al., 2018). These regulations are in place to stop drug abuse, fraud, and diversion, especially

when it comes to high-risk drugs like opioids.

2.8.2 Ethical Considerations in E-Prescription Systems

In addition to legal requirements, e-prescription systems raise several ethical concerns
related to patient autonomy, data privacy, and equitable access to care. These ethical issues must
be addressed to ensure that e-prescription technologies are used in a way that respects patient

rights and promotes trust in healthcare systems.

Informed Consent and Data Ownership: Making sure that patients have given their
informed consent for the collection and use of their medical data is one of the most important
ethical concerns with e-prescription systems. Patients need to understand exactly how their
prescription data will be used, who will have access to it, and the privacy safeguards in place
(Wager et al., 2017). Furthermore, patients may believe that they should be in charge of their
prescription records and be able to choose who can access or share them, which raises the issue
of data ownership in many healthcare settings. Ethical principles advise that patients should
have the ability to review, edit, or remove their data inside e-prescription systems (Alqarni et al.,

2020).

Data Security and Privacy: In addition to being required by law, protecting patient data

from breaches and illegal access is also morally required. Identity theft, discrimination, and the
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abuse of private health information are just a few of the terrible outcomes that can result from
data security breaches. Healthcare providers have an ethical duty to deploy strong security
measures, such as encryption, access controls, and audit trails, to preserve patient information in
e-prescription systems (Keshta et al, 2021). Furthermore, healthcare companies are required by
ethical standards to disclose data breaches openly and notify patients as soon as possible if their

information has been exposed.

Equity and Access to Care: Although e-prescription systems have the potential to
increase access to care, if they are not applied fairly, they may potentially make health inequities
worse. Patients in underprivileged or rural locations, for instance, could not have access to the
technology required to get electronic prescriptions or might experience problems with internet
connectivity (Kvedar et al., 2018). Healthcare professionals and legislators must guarantee that
e-prescription systems are available to all patients, irrespective of their socioeconomic
background, geography, or level of technological proficiency, due to ethical reasons. For
patients who might not be able to use digital platforms efficiently, this includes offering alternate

techniques.

Pharmacist-Patient Relationship: The possible degradation of the pharmacist-patient
relationship is another ethical issue with e-prescription systems. Pharmacists have historically
been essential in confirming prescriptions, advising patients on their drugs, and guaranteeing
proper drug use. E-prescription systems, however, might lessen the amount of time that patients
and pharmacists spend interacting directly, which could result in lost chances for medication
safety and patient education (Hasselgren et al., 2018). E-prescription systems should be
developed to supplement, not to replace, the crucial role that pharmacists play in patient care,

according to ethical norms.
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2.8.3 Challenges in Ensuring Legal and Ethical Compliance

Despite the legal and ethical frameworks in place, healthcare organizations face several

challenges in ensuring compliance with these standards in e-prescription systems. Some of these

challenges include:

1.

Data Breach Risks: The likelihood of cyberattacks and data breaches rises with the usage
of e-prescription systems. Regularly updating security procedures and carrying out
vulnerability assessments are essential for healthcare companies to remain ahead of
changing threats (Alqgarni et al., 2020). However, upholding both legal compliance and
the ethical obligation to preserve patient information is made more difficult by the

ongoing possibility of data breaches.

Balancing Security and Usability: E-prescription systems need to balance usability and
security. Overly complex security measures, such as burdensome multi-factor
authentication processes, might inhibit healthcare personnel from using the system
efficiently, potentially resulting to delays in patient treatment. However, inadequate
security measures could make data breaches or illegal access more likely. Healthcare
institutions must traverse this difficult balance while assuring compliance with legal and

ethical requirements (McMahon et al , 2020).

Regulatory Ambiguities: Existing legal frameworks may have ambiguities or loopholes
as e-prescription technology develop. For instance, present legislation may not
adequately handle the use of cutting-edge technology like blockchain or artificial

intelligence in e-prescription systems, creating confusion over compliance obligations.
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To make sure they are fulfilling all applicable legal and ethical requirements, healthcare
organizations need to keep up with regulatory developments and collaborate closely with

legal professionals (Rathore et al., 2020).

When developing and implementing e-prescription systems, legal and ethical issues are
very important. Compliance with regulatory frameworks such as HIPAA and GDPR ensures that
patient data is protected, while ethical norms help healthcare practitioners address concerns of
permission, data ownership, and equal access to care. However, maintaining adherence to moral
and legal requirements is made more difficult by the quick development of e-prescription
technologies. Healthcare institutions must stay cautious in protecting patient data, fostering
transparency, and ensuring that e-prescription technologies are used in a way that benefits all

patients while limiting risks.

E-prescription systems are essential for improving prescription management's precision,
effectiveness, and security. E-prescriptions increase patient safety, lower medication mistakes,
and enable smooth communication between pharmacies and healthcare professionals by
overcoming the drawbacks of conventional manual systems. However, implementing strong
security measures, adhering to legal requirements, and handling patient data ethically are all
critical to the success of such systems. E-prescription systems are an essential part of the
contemporary healthcare infrastructure since their usability and scalability are further improved

by the integration of contemporary technologies like cloud computing and mobile applications.
2.9 Infrastructure and Cost Constraints
Implementing a Medical Electronic Prescription System (MEPS) requires a strong

technological foundation and significant financial investment. While such systems offer
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substantial benefits—including reduced medical errors, increased efficiency, and better patient
care—several infrastructure and cost-related challenges hinder their widespread adoption,

particularly in developing regions.

2.9.1 Infrastructure Constraints

For an e-Prescription system to function effectively, it must be supported by robust IT
infrastructure that enables seamless connectivity between healthcare providers, pharmacies, and

patients. However, several infrastructure limitations can affect implementation:

1. Internet Connectivity and Bandwidth Limitations

e Challenge: MEPS requires real-time communication between hospitals, pharmacies, and

cloud-based servers, which demands stable internet connectivity.

e Issue in Developing Regions: Many rural areas and low-income countries lack high-
speed internet access, leading to delays, failures in prescription transmission, or system

downtime.

e Possible Solutions: Deployment of offline-capable systems that synchronize once
connectivity is restored, Adoption of low-bandwidth solutions such as compressed data
transmission techniques, Government or private sector investment in expanding

broadband infrastructure.

2. Hardware Requirements and Maintenance

e Requirement: E-Prescription systems require computers, servers, barcode scanners, and

tablets to function efficiently.
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Challenges: High costs of acquiring modern, secure devices for hospitals and pharmacies,
Lack of regular maintenance due to inadequate IT support, leading to system failures,

Hardware obsolescence—older machines may struggle to support newer software updates.

Possible Solutions: Use of cloud-based systems to minimize reliance on local hardware,

Partnering with tech companies to provide affordable hardware leasing options.

3. System Integration and Interoperability Issues

Challenge: Many hospitals and pharmacies already use Electronic Health Records (EHRs)
and Pharmacy Management Systems (PMS), which may not be compatible with a new

MEPS.

Integration Issues: Different hospitals use varied data formats, making seamless
prescription exchange difficult, Lack of standardization in e-prescription formats can lead
to miscommunication, Resistance from healthcare providers accustomed to legacy

systems.

Possible Solutions: Adoption of HL7 and FHIR standards to ensure system compatibility,

Development of middleware solutions that act as a bridge between different systems.

4. Data Security and Privacy Challenges

Requirement: MEPS must comply with healthcare data security regulations (e.g., GDPR,

HIPAA).

Challenges: Cybersecurity threats such as hacking, ransomware, and data breaches, Need
for encryption and secure authentication methods, Lack of cybersecurity training among

healthcare professionals.
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Possible Solutions: Implementing multi-factor authentication (MFA) and encryption
protocols. Conducting regular security audits and training staff on data protection. Cloud-

based security solutions to enhance data protection.

5. Power Supply and Infrastructure in Developing Regions

Challenge: Many hospitals in developing nations struggle with unreliable electricity.

Impact: System downtime leads to manual record-keeping, defeating the purpose of

digital prescriptions.

Possible Solutions: Use of solar-powered backup systems in areas with frequent outages,

Adoption of low-energy computing solutions to minimize dependency on grid power.

2.9.2 Cost Constraints

The financial burden of implementing an e-Prescription system can be significant,

especially for small healthcare facilities and government-funded hospitals. The key cost

constraints include:

1. High Initial Implementation Costs

Software Development: Designing a custom MEPS involves high costs for programming,

testing, and deployment.

Hardware Acquisition: Computers, servers, barcode scanners, and other necessary

devices add to expenses.
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Infrastructure Setup: Internet upgrades, cloud subscriptions, and cybersecurity measures

are essential but costly.

Possible Solutions: Using open-source software instead of proprietary solutions.

Exploring government or donor funding to subsidize implementation costs.

2. Cost of System Maintenance and Upgrades

Issue: MEPS requires continuous updates and bug fixes to remain effective.

Challenges: Annual software license fees and subscription costs for cloud storage. IT
staff salaries for maintaining and troubleshooting the system. Costly security updates to

prevent cyber threats.

Possible Solutions: Using subscription-based (SaaS) models to spread costs over time.

Implementing automated software updates to reduce maintenance costs.

3. Training Costs for Healthcare Providers

Issue: Healthcare professionals need training on how to use MEPS efficiently.

Challenges: Doctors, nurses, and pharmacists must learn the system, leading to
productivity losses during training. Training programs require experienced IT

professionals, adding to costs.

Possible Solutions: Implementing self-paced online training to reduce costs. Government

and private sector funding for training initiatives.

4. Cost of Data Storage and Backup Solutions

Issue: MEPS generates vast amounts of prescription data that must be securely stored.
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Challenges: On-premises servers require high setup and maintenance costs. Cloud-based

solutions involve monthly subscription fees.

Possible Solutions: Using hybrid storage models (cloud + local backup). Employing cost-

efficient compression algorithms to reduce storage needs.

5. Cost of Compliance with Regulations

Issue: MEPS must comply with laws such as HIPAA, GDPR, or Nigeria’s NDPR.

Challenges: Legal consultations and audits to ensure compliance. Additional security

measures increase operational costs.

Possible Solutions: Implementing privacy-by-design principles from the start. Leveraging

regulatory-compliant cloud providers to ease compliance burden.

2.9.3 Strategies to Overcome Infrastructure and Cost Challenges

To ensure successful adoption of MEPS, the following strategies should be considered:

Government Support & Policy Development: Investment in healthcare IT infrastructure,

Tax incentives for hospitals adopting MEPS.

Public-Private Partnerships (PPPs): Collaboration with tech companies for funding and

resources.

Adoption of Low-Cost, Scalable Solutions: Cloud computing and open-source platforms.

Gradual System Implementation: Phased deployment to spread costs over time.

Cybersecurity Investments: Regular audits and training to prevent data breaches.
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Poor internet connectivity, hardware limitations, cybersecurity risks, and high costs
hinder effective implementation, particularly in low-resource settings. However, solutions such
as cloud computing, government support, and cost-effective training methods can mitigate these
challenges. Future research should focus on developing scalable, affordable, and secure e-

Prescription models to improve global healthcare outcomes.
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CHAPTER THREE

METHODOLOGY

3.1 Introduction

This chapter outlines the research methodology employed in designing and implementing a
Medical Electronic Prescription System (MEPS) for patients. It details the system architecture,
implementation approach, data collection methods, evaluation criteria, and ethical considerations.
A significant focus is placed on infrastructure and cost constraints, as these factors play a crucial
role in determining the feasibility and sustainability of the system, particularly in resource-
constrained environments. The chapter also discusses the selection of appropriate development

tools, technologies, and strategies to ensure an efficient and cost-effective solution.

3.2 Research Design

The study adopts a system development research design, combining both qualitative and
quantitative approaches. The system is designed using a modular approach to ensure scalability,

flexibility, and cost efficiency. The methodology involves four key phases:

Phase Description

Planning Identifying system requirements, defining objectives, and outlining the

development process.

Development Designing system architecture, implementing core functionalities, and

integrating security measures.

Testing Conducting usability testing, performance evaluation, and security
assessments.

Deployment & Launching the system in a controlled environment and gathering

Evaluation feedback for future improvements.
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The research design ensures that the MEPS is not only functional and efficient but also adaptable

to diverse medical environments, including urban hospitals and rural clinics.

3.3 System Architecture

The MEPS is developed as a web-based and mobile-compatible application to ensure
accessibility for healthcare providers and patients. The system architecture consists of the

following components:

3.3.1 User Interface (UI)

A web-based dashboard and mobile app interface for doctors, pharmacists, and patients.

Intuitive design to ensure ease of use for medical personnel with minimal technical expertise.

3.3.2 Database Server

A secure database for storing patient prescriptions, medical history, and authentication details.

Use of PostgreSQL for reliability, scalability, and cost-effectiveness.

3.3.3 Application Server

Handles prescription processing, validation, and real-time interactions between stakeholders.

Implements RESTful APIs for seamless communication between different components.

3.3.4 Security Layer

Implements encryption mechanisms such as AES-256 for data protection.

Role-based access control to restrict unauthorized access to sensitive information.

3.3.5 Integration APIs
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Enables interoperability with hospital management systems and pharmacy databases.

Supports electronic prescription submission and verification to streamline workflow.

3.4 Infrastructure Considerations

Infrastructure plays a crucial role in the successful implementation of the MEPS. The key

infrastructure components considered include:

3.4.1 Cloud-Based vs. On-Premise Deployment

Cloud-Based Approach: Preferred for scalability, lower upfront cost, and ease of maintenance.

Cloud providers such as AWS, Azure, or Google Cloud offer secure and reliable hosting options.

On-Premise Approach: Considered for institutions with high-security requirements but entails
higher initial setup costs, requiring investment in servers, networking equipment, and IT

personnel.

3.4.2 Hardware Requirements

Server Specifications: Cloud-based virtual machines with at least 4 CPUs, 16GB RAM, and

100GB SSD storage.

End-User Devices: Compatibility with low-end smartphones and desktop computers to cater to

diverse users, ensuring broad adoption.

Network Infrastructure: Reliable internet connectivity is essential; however, offline data entry
and synchronization mechanisms will be integrated to address connectivity challenges in rural

arcas.

3.5 Cost Constraints and Budget Considerations
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Cost constraints significantly influence the adoption of MEPS, particularly in low-resource

settings. The major cost elements include:

3.5.1 Development Costs

Software development using open-source technologies such as Python/Django, PostgreSQL, and

React.js to reduce licensing fees.

Use of low-code platforms where necessary to minimize coding efforts and costs.

Development team comprising a project manager, software developers, UX designers, and

cybersecurity experts, ensuring efficiency while minimizing excess personnel costs.

3.5.2 Deployment and Maintenance Costs

Cloud Hosting Fees: Estimated at $100-$500 per month, depending on traffic and data storage

requirements.

Server Maintenance: Regular updates and security patches will be scheduled to prevent

vulnerabilities.

System Updates: Continuous improvement and feature enhancements budgeted at approximately

20% of development costs annually.

3.5.3 Training and Adoption Costs

User Training: Conducting workshops, webinars, and on-site training for medical personnel and

pharmacists.

Technical Support: Setting up a minimal in-house support team to reduce dependency on third-

party vendors.
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User Documentation: Developing a comprehensive user manual and FAQs to support system

adoption.

3.6 Data Collection and Evaluation

The effectiveness of the MEPS will be assessed using a combination of survey-based feedback

from users and system performance metrics such as:

Response Time: Average time taken to process and validate a prescription.

Prescription Accuracy: Reduction in medication errors compared to manual prescriptions.

System Uptime: Ensuring 99.9% availability to prevent disruptions in medical services.

User Satisfaction Surveys: Gathering feedback from doctors, pharmacists, and patients to

identify areas for improvement.

3.7 Ethical Considerations

Given that the system handles sensitive patient data, ethical considerations include:

Compliance with Data Protection Regulations (e.g., HIPAA, GDPR).

Informed Consent for patients before storing or processing their prescription data.

Access Control Measures to ensure only authorized personnel can view or modify prescriptions.

Anonymization Techniques to protect patient identity when conducting research on prescription

trends.

The proposed system leverages cloud-based solutions, open-source technologies, and
modular design to ensure affordability and accessibility. Key cost-saving strategies include the
use of free or low-cost development tools, minimal initial investment in on-premise
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infrastructure, and strategic user training programs. The research design also prioritizes security,
scalability, and user-friendliness. The next chapter will focus on system implementation, testing

results, and performance evaluation.
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CHAPTER FOUR

SYSTEM DESIGN AND IMPLEMENTATION

4.1 Introduction

The system is developed to enhance prescription management, minimize medical errors,
and ensure seamless communication between healthcare providers and pharmacies. The chapter
covers system components, database design, development technologies, and cost-effective
implementation strategies to make the system viable in both urban and rural healthcare

environments.

4.2 System Design

The MEPS is designed as a web-based and mobile-accessible platform to improve accessibility

and reduce infrastructure costs. It follows a three-tier architecture, comprising:

e Presentation Layer (Frontend): Provides an intuitive user interface for doctors,
pharmacists, and patients.

e Application Layer (Backend): Manages prescription processing, authentication, and
security.

e Database Layer (Storage): Stores patient records, prescriptions, and logs securely.

4.2.1 System Components

The system is divided into key modules, each designed for specific functionalities:
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e User Management Module: Manages authentication, roles (doctor, pharmacist, patient),
and access control.

e Prescription Management Module: Allows doctors to create, edit, and send prescriptions
to pharmacies.

e Pharmacy Verification Module: Enables pharmacists to validate and dispense
medications.

e Security Module: Implements encryption and role-based access controls.

e Report and Analytics Module: Provides insights into prescription trends and medication

usage.

4.2.2 Infrastructure Requirements

To ensure scalability and cost efficiency, the following infrastructure models were evaluated:

Cloud-Based Hosting:

e Advantages: Low initial costs, automatic scalability, reduced maintenance overhead.
e Provider Options: AWS, Microsoft Azure, Google Cloud (selected based on

affordability).

e Security Measures: Use of AES-256 encryption, firewall protection, and regular security

patches.

On-Premise Hosting:

e Advantages: Full data control, regulatory compliance for sensitive healthcare

environments.

e Challenges: High upfront costs, need for IT staff, hardware maintenance.
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e Chosen Approach: A hybrid model where cloud-based storage is used for prescription

data while an offline mode is enabled for remote areas with poor internet access.

4.2.3 Database Design

A relational database (PostgreSQL) is used due to its reliability and open-source nature, reducing

licensing costs. The database schema includes:

Users Table: Stores login credentials and user roles.

e Patients Table: Contains medical records and prescription history.

e Prescriptions Table: Records prescription details, including doctor, patient, and pharmacy
information.

e Pharmacies Table: Lists registered pharmacies with verification status.

4.3 System Implementation

4.3.1 Development Technologies

To balance performance and cost, open-source technologies were used:

Backend: Django (Python) — robust, secure, and scalable.

Frontend: React.js — responsive Ul for both web and mobile platforms.

Database: PostgreSQL — free, reliable, and efficient for handling large data.

APIs: RESTful APIs — facilitate seamless integration with external systems.

4.3.2 Cost-Effective Development Strategies

To manage financial constraints, the following approaches were adopted:

e Use of Open-Source Tools: Avoiding expensive proprietary software.
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e Minimal Server Resources: Hosting on cost-efficient virtual machines instead of
dedicated servers.
e Phased Deployment: Implementing the system in stages to optimize costs.

e Automation: Using automated scripts for deployment, reducing manual effort.

4.4 System Testing and Performance Evaluation

The system underwent rigorous testing to ensure reliability, security, and efficiency. Testing

phases included:

4.4.1 Unit Testing

e Each module was individually tested to verify its functionality.

4.4.2 Integration Testing

e Ensured smooth data exchange between components (e.g., prescription management and

pharmacy verification).

4.4.3 Security Testing

e Encryption Verification: Ensured all sensitive data is encrypted before storage.
e Access Control Testing: Verified that unauthorized users cannot access sensitive

information.

4.4.4 Performance Testing

The system was tested under different workloads to evaluate its response time, with results

showing:

e Average Prescription Processing Time: 2-3 seconds.
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e Uptime: 99.9% availability ensured through cloud failover mechanisms.

4.5 Challenges and Mitigation Strategies

Despite a cost-conscious approach, certain challenges emerged:

e Limited IT Infrastructure in Rural Areas: Addressed by implementing offline
functionality with periodic synchronization.

e Data Security Risks: Mitigated through strong encryption and multi-factor authentication.

e Training Requirements for Healthcare Workers: Conducted free webinars and provided

user manuals to reduce training costs.

The hybrid deployment model, open-source tools, and modular system architecture contributed
to a cost-effective and scalable solution. The system was successfully tested for performance,
security, and usability, ensuring it meets the demands of modern healthcare environments while

remaining financially viable.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATIONS

5.6 Conclusion

The Medical Electronic Prescription System (MEPS) was successfully designed and
implemented to enhance prescription management, minimize medical errors, and improve
communication between healthcare providers and pharmacies. The system was evaluated based
on functionality, security, performance, and usability. Testing results showed that MEPS is
efficient, with an average prescription processing time of 2-3 seconds and 99.9% system uptime,
ensuring reliability and responsiveness. The integration of a hybrid cloud and offline mode
significantly improved accessibility, especially in rural areas with limited internet access.
Additionally, the use of AES-256 encryption and role-based access control enhanced data
security, ensuring patient confidentiality. Despite challenges such as training requirements and
infrastructure limitations, mitigation strategies, including free webinars and offline

synchronization, contributed to the system’s success.

Overall, the MEPS system provides a scalable, cost-effective, and secure solution for

modernizing prescription management in healthcare facilities.

5.6 Recommendations

Based on the evaluation results, the following recommendations are proposed to further enhance

the system:
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e Integration with National Health Systems: MEPS should be integrated with national and
regional health databases to allow real-time access to patient medical histories and
prevent duplicate prescriptions.

e Expansion of Offline Capabilities: Further enhancements should be made to the offline
mode, allowing for automated synchronization once an internet connection is restored.

e User Training and Adoption Programs: Additional training workshops should be
conducted for healthcare professionals and pharmacists to ensure efficient utilization of
the system.

e Mobile Application Development: A dedicated mobile app for Android and iOS should
be developed to improve accessibility and allow patients to track prescriptions and
medication schedules.

e Al-Based Prescription Error Detection: Implementing artificial intelligence (Al)
algorithms to detect potential prescription errors or drug interactions before finalizing
prescriptions.

e Regulatory Compliance and Continuous Security Updates: Regular security updates
should be implemented to comply with evolving healthcare data protection regulations
and prevent cyber threats.

e Multi-Language Support: Adding multi-language functionality to support healthcare

providers and patients from different linguistic backgrounds.

By implementing these recommendations, MEPS can be further optimized for efficiency,

security, and broader adoption in diverse healthcare environments.
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APPENDIX

APPENDIX I: SYSTEM DESIGN AND IMPLEMENTATION

Appendix I-A: System Architecture Overview

The Medical Electronic Prescription System (MEPS) follows a three-tier web-based and
mobile-compatible architecture to improve accessibility and efficiency in prescription

management.

1. System Components:

e User Interface (UI): Web dashboard and mobile app for doctors, pharmacists, and

patients.
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e Application Server: Handles prescription processing, validation, and API

communication.
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o Database Server: Stores patient records, prescriptions, and pharmacy verification details.
e Security Layer: Implements AES-256 encryption, access controls, and authentication

mechanisms.

2. System Deployment Models:

e Cloud-Based: Preferred for scalability and cost-effectiveness (AWS, Azure, Google
Cloud).
e On-Premise: Used in high-security settings but requires dedicated IT maintenance.

o Hybrid Approach: Cloud storage with offline support for rural areas.

Appendix I-B: Database Schema

The system utilizes PostgreSQL for data storage due to its reliability and cost efficiency. Key

tables include:

Table Name Description
Users Stores login credentials and user roles (Doctor, Patient, Pharmacist).
Patients Maintains patient records and prescription history.

Prescriptions | Stores prescription details, including medication, dosage, and issuing doctor.

Pharmacies | Lists registered pharmacies with verification status.

Appendix I-C: System Testing and Performance Metrics
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1. Performance Evaluation:

The MEPS underwent multiple testing phases to ensure its efficiency:

Test Type Key Metrics Results

Unit Testing Individual module functionality Passed

Integration Testing | Data exchange between system components | Passed

Security Testing Encryption and access controls Passed
Performance Testing | Prescription processing time 2-3 seconds
System Uptime Availability under load 99.9%

2. Security Features:

e Encryption: AES-256 applied to patient data storage.
e Authentication: Role-based access control (RBAC).

e Regular Audits: Scheduled system security assessments.

APPENDIX II: COST CONSIDERATIONS AND DEPLOYMENT

Appendix II-A: Development and Implementation Costs

To ensure cost-effectiveness, open-source technologies were prioritized:

Cost Category Estimated Cost Optimization Strategy

Development Minimal due to open-source Python/Django, React.js, PostgreSQL

tools
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Cloud Hosting $100-$500/month Cloud-based virtual machines

Security Measures | Included in cloud services Multi-layered encryption & access
control

Training & Low Webinars, manuals, and support forums

Adoption

Appendix I1-B: Deployment Strategies

The MEPS was deployed in phases to reduce costs and improve adoption:

e Phase 1: Core system implementation and local testing.
e Phase 2: Limited deployment in select healthcare facilities.

o Phase 3: Full-scale rollout with cloud-based expansion and offline sync support.

Appendix II-C: Ethical and Regulatory Compliance

The system adheres to healthcare data protection standards, including:

o« HIPAA & GDPR Compliance: Patient data protection and privacy.
e User Consent Mechanism: Patients must authorize prescription storage.

o Data Anonymization: Sensitive records are masked when used for analytics.
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