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Abstract 

The integration of telepharmacy and eHealth into pharmacy practice represents a 

significant advancement in the provision of pharmaceutical care. This comprehensive 

review explores the historical development, scope, benefits, challenges, and future 

directions of telepharmacy and eHealth. Key findings highlight how these digital health 

innovations improve access to services, enhance patient adherence, and offer cost-effective 

healthcare solutions. The review addresses regulatory and legal frameworks, technological 

innovations, and case studies demonstrating successful implementations. Future directions 

suggest ongoing research and the potential for broader integration with other digital health 

services. By leveraging telecommunication technologies, automated dispensing systems, 

artificial intelligence (AI), and electronic health records (EHRs), telepharmacy and eHealth 

enhance the accessibility, efficiency, and quality of pharmacy services. Despite challenges 

such as technological limitations, regulatory compliance, and data security concerns, the 

ongoing development and integration of these technologies hold great promise for the 

future of pharmacy practice. This article provides a detailed understanding of how 

telepharmacy and eHealth are transforming healthcare delivery, improving patient 

outcomes, and shaping the future of pharmaceutical care in the digital age. 
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Introduction 

Pharmacy practice has undergone substantial transformation over the past few decades, 

primarily driven by technological advancements and the increasing complexity of healthcare 

needs. The traditional model of pharmacy, centered on physical interaction between 

pharmacists and patients, is evolving into a more dynamic, technology-enabled service. This 

shift is largely due to the advent of digital health technologies, including telepharmacy and 

eHealth, which have expanded the reach and efficiency of pharmacy services. 

Telepharmacy refers to the provision of pharmaceutical care and services through 

telecommunication technologies. It enables remote medication dispensing, consultation, and 

management, particularly beneficial for patients in rural or underserved areas [1]. eHealth 

encompasses a broader range of electronic processes and communication technologies used 

in healthcare, including electronic health records (EHRs), health information exchange (HIE), 

and mobile health applications [2]. 

The purpose of this review is to provide a comprehensive overview of the current state of 

telepharmacy and eHealth in pharmacy practice. It aims to highlight the benefits, challenges, 

and future prospects of these innovations, offering insights into how they can be integrated 

into the healthcare system to improve patient outcomes and service delivery. 

Historical Perspective of Pharmacy Practice 

The history of pharmacy practice dates back to ancient civilizations, where pharmacists were 

integral members of the healthcare system, compounding and dispensing medications based 

on traditional knowledge. Over the centuries, pharmacy practice has evolved significantly, 

influenced by scientific discoveries, regulatory changes, and technological advancements. 

In the early 20th century, the role of the pharmacist began to shift from a focus on medication 

preparation to patient-centered care, emphasizing medication safety and efficacy [3]. The 

introduction of computer systems in the 1960s and 1970s marked the beginning of the digital 

transformation in pharmacy. These systems facilitated inventory management, prescription 

processing, and record-keeping, laying the groundwork for more advanced technological 

integrations [4]. 

The advent of the internet in the late 20th century further revolutionized pharmacy practice, 

enabling the development of online pharmacies and telepharmacy services. This period also 

saw the emergence of eHealth, which aimed to improve healthcare delivery through 

electronic communication and information technology. Today, telepharmacy and eHealth are 

integral components of modern pharmacy practice, offering innovative solutions to meet the 

growing demands of healthcare. 

Concept and Scope of Telepharmacy 

Definition and Overview 

Telepharmacy is defined as the provision of pharmaceutical care and services through 

telecommunication technologies. This innovative approach leverages digital tools to deliver 

pharmacy services remotely, thereby expanding access to care, particularly in underserved 

areas. Telepharmacy encompasses a wide range of services, including the remote dispensing 
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of medications, medication therapy management (MTM), patient counseling, chronic disease 

management, and other clinical services [1]. 

Types of Telepharmacy Services 

1. Remote Dispensing: Remote dispensing involves the use of automated dispensing 

systems and telecommunication technologies to dispense medications under the 

supervision of a licensed pharmacist. This service is particularly valuable in rural or 

remote areas where access to a physical pharmacy may be limited. The pharmacist 

can oversee the dispensing process, ensure the accuracy of prescriptions, and provide 

necessary consultations via video conferencing or telephone [2]. 

2. Medication Therapy Management (MTM): MTM services in telepharmacy include 

comprehensive medication reviews, medication reconciliation, adherence support, and 

patient education. These services are conducted remotely through secure 

communication channels. Pharmacists can assess patients' medication regimens, 

identify potential drug interactions, and optimize therapy plans. MTM services are 

crucial for patients with chronic conditions or those taking multiple medications, as 

they help improve medication adherence and overall health outcomes [3]. 

3. Patient Counseling and Education: Telepharmacy enables pharmacists to provide 

personalized counseling and education to patients remotely. This includes instructions 

on medication use, side effects, lifestyle modifications, and disease management. 

Through video conferencing or secure messaging, pharmacists can interact with 

patients, answer their questions, and address any concerns they may have. This 

service is particularly beneficial for patients who have difficulty visiting a pharmacy 

in person [4]. 

4. Chronic Disease Management: Telepharmacy plays a significant role in the 

management of chronic diseases such as diabetes, hypertension, and asthma. 

Pharmacists can remotely monitor patients' health conditions, review their medication 

adherence, and adjust therapy as needed. Regular virtual check-ins and monitoring 

help ensure that patients maintain control over their chronic conditions, reducing the 

risk of complications and hospitalizations [5]. 

Scope and Applications 

1. Rural and Remote Areas: One of the primary applications of telepharmacy is in 

rural and remote areas where access to healthcare services is often limited. 

Telepharmacy bridges the gap by providing essential pharmacy services to patients in 

these locations. Automated dispensing systems and telecommunication technologies 

allow pharmacists to serve patients who would otherwise have to travel long distances 

to access a pharmacy [6]. 

2. Urban and Suburban Areas: Telepharmacy is not limited to rural settings; it is 

increasingly being implemented in urban and suburban areas as well. In these regions, 

telepharmacy enhances the convenience and accessibility of pharmacy services. For 

example, busy professionals and individuals with mobility issues can benefit from 

remote consultations and medication delivery services, reducing the need for frequent 

in-person visits to a pharmacy [7]. 

3. Hospital and Clinical Settings: Hospitals and clinics are also adopting telepharmacy 

to improve the efficiency and quality of care. In hospital settings, telepharmacy can 

support medication reconciliation at discharge, reducing the risk of medication errors 

and readmissions. Clinical pharmacists can provide remote consultations to patients, 
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collaborate with healthcare teams, and participate in interdisciplinary rounds, thereby 

enhancing patient care [8]. 

4. Community Pharmacies: Community pharmacies are increasingly integrating 

telepharmacy services to extend their reach and improve patient care. By offering 

virtual consultations and MTM services, community pharmacists can provide 

personalized care to patients, regardless of their location. This approach helps build 

stronger patient-pharmacist relationships and ensures continuous care [9]. 

Technological Components 

1. Telecommunication Technologies: The foundation of telepharmacy lies in 

telecommunication technologies, including video conferencing, secure messaging 

platforms, and mobile applications. These technologies facilitate real-time 

communication between pharmacists and patients, enabling remote consultations, 

medication management, and follow-up care. Video conferencing, in particular, 

provides a visual and interactive platform for pharmacists to assess patients' health 

conditions and offer counseling [10]. 

2. Automated Dispensing Systems: Automated dispensing systems are integral to 

telepharmacy, ensuring the accurate and efficient dispensing of medications. These 

systems can store, manage, and dispense medications under the supervision of a 

licensed pharmacist. They reduce the risk of dispensing errors and improve workflow 

efficiency, allowing pharmacists to focus more on clinical tasks and patient care [11]. 

3. Electronic Health Records (EHRs): EHRs are a critical component of telepharmacy, 

providing pharmacists with access to comprehensive, real-time patient health 

information. EHRs enable pharmacists to review patients' medication histories, 

allergies, and laboratory results, facilitating informed decision-making and improving 

medication safety. The integration of EHRs with telepharmacy systems ensures 

continuity of care and enhances communication among healthcare providers [12]. 

4. Mobile Health Applications: Mobile health applications play a significant role in 

telepharmacy by enabling patients to access pharmacy services, receive medication 

reminders, and communicate with pharmacists from the convenience of their homes. 

These applications support patient engagement and adherence, improving health 

outcomes. Telemedicine platforms also facilitate virtual consultations, where 

pharmacists can assess patients' health conditions and provide ongoing support [13]. 

Benefits of Telepharmacy 

1. Improved Access to Pharmacy Services: Telepharmacy significantly improves 

access to pharmacy services, particularly for patients in rural or underserved areas. By 

leveraging telecommunication technologies, telepharmacy ensures that patients 

receive timely and essential pharmaceutical care, regardless of their location. This 

enhanced access helps address healthcare disparities and ensures that all patients 

receive the care they need [14]. 

2. Enhanced Medication Management and Adherence: Telepharmacy supports better 

medication management and adherence through regular remote consultations and 

monitoring. Pharmacists can provide personalized medication reviews, adherence 

support, and education, helping patients understand the importance of their 

medications and how to take them correctly. Improved adherence leads to better 

health outcomes and reduces the risk of complications [15]. 
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3. Cost-Effectiveness and Efficiency: Telepharmacy offers a cost-effective and 

efficient solution to delivering pharmacy services. It reduces the need for in-person 

visits, travel expenses, and associated costs, making healthcare more affordable for 

patients. For healthcare providers, telepharmacy improves workflow efficiency, 

allowing pharmacists to serve more patients and focus on clinical tasks [16]. 

4. Patient Safety and Quality of Care: Telepharmacy enhances patient safety and 

quality of care by ensuring accurate medication dispensing, providing timely 

consultations, and monitoring patients' health conditions. The use of EHRs and 

automated dispensing systems reduces the risk of medication errors, while regular 

follow-up care ensures that patients receive continuous and comprehensive care. 

eHealth in Pharmacy Practice 

Definition and Overview 

eHealth encompasses a broad range of electronic processes and communication technologies 

designed to improve healthcare services, patient outcomes, and operational efficiencies. In 

pharmacy practice, eHealth technologies include electronic health records (EHRs), health 

information exchange (HIE), mobile health applications, and telemedicine platforms. These 

tools facilitate the provision of pharmaceutical care by enhancing access to information, 

enabling remote services, and promoting patient engagement. 

Electronic Health Records (EHRs) 

EHRs are digital versions of patients' medical records that provide comprehensive, real-time 

access to health information. They play a crucial role in eHealth by offering pharmacists 

instant access to patients' medication histories, allergies, laboratory results, and other relevant 

health data [1]. EHRs support informed decision-making, improve medication safety, and 

enhance the overall quality of care. 

EHRs streamline the workflow for pharmacists by consolidating patient information in a 

single, accessible platform. This integration allows for better coordination with other 

healthcare providers, ensuring continuity of care. For example, when a patient is discharged 

from the hospital, the pharmacist can review the discharge summary and reconcile 

medications, reducing the risk of adverse drug events and readmissions [2]. 

Health Information Exchange (HIE) 

HIE systems enable the secure sharing of health information among healthcare providers. 

This interoperability ensures that pharmacists have access to up-to-date patient data, 

regardless of where the care was provided. HIE facilitates coordinated care, reduces 

duplication of services, and improves patient safety by providing a comprehensive view of 

the patient's health history [3]. 

For instance, a pharmacist can access HIE to review a patient's recent laboratory results 

before making clinical decisions, such as adjusting medication dosages. This access to real-

time information helps optimize therapeutic outcomes and enhances the pharmacist's ability 

to provide personalized care [4]. 

Mobile Health Applications 
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Mobile health applications are increasingly being integrated into pharmacy practice, allowing 

patients to access pharmacy services, receive medication reminders, and communicate with 

pharmacists from the convenience of their homes. These applications promote patient 

engagement and adherence by providing easy access to health information and pharmacy 

services [5]. 

Through mobile health apps, patients can schedule virtual consultations with pharmacists, 

track their medication use, and receive educational materials on managing their conditions. 

These apps often include features such as pill reminders and symptom trackers, which help 

patients stay on top of their medication regimens and monitor their health status [6]. 

Telemedicine Platforms 

Telemedicine platforms are another critical component of eHealth in pharmacy practice. 

These platforms enable virtual consultations between pharmacists and patients, allowing for 

remote assessment, counseling, and medication management. Telemedicine supports the 

delivery of pharmaceutical care in real-time, overcoming geographical barriers and 

improving access to services [7]. 

For example, a patient with a chronic condition like diabetes can have regular virtual check-

ins with a pharmacist to review their medication regimen, discuss lifestyle changes, and 

address any concerns. This ongoing support helps patients manage their conditions more 

effectively and reduces the need for in-person visits [8]. 

Benefits of eHealth in Pharmacy Practice 

1. Improved Access to Care: eHealth technologies enhance access to pharmacy 

services, particularly for patients in remote or underserved areas. By enabling remote 

consultations and medication management, eHealth ensures that patients receive 

timely and appropriate care regardless of their location [9]. 

2. Enhanced Medication Management: eHealth supports better medication 

management through real-time access to patient data and streamlined workflows. 

Pharmacists can use EHRs and HIE to review patients' medication histories, identify 

potential drug interactions, and make informed clinical decisions. Mobile health apps 

and telemedicine platforms further support medication adherence and chronic disease 

management [10]. 

3. Cost-Effectiveness and Efficiency: eHealth technologies improve the efficiency of 

pharmacy operations by reducing the need for in-person visits, streamlining 

workflows, and minimizing the duplication of services. These efficiencies translate 

into cost savings for both patients and healthcare providers, making healthcare more 

affordable and accessible [11]. 

4. Patient Engagement and Empowerment: eHealth tools empower patients by 

providing them with easy access to their health information and pharmacy services. 

Mobile health apps and telemedicine platforms promote patient engagement and self-

management, leading to better health outcomes. Patients can take an active role in 

their care, communicate with pharmacists more effectively, and make informed 

decisions about their health [12]. 

5. Improved Quality of Care: The integration of eHealth technologies enhances the 

quality of care by facilitating comprehensive and coordinated care. EHRs and HIE 

systems ensure that pharmacists have access to complete and accurate patient 



Dr. Amina Shajahan /Afr.J.Bio.Sc. 6(Si2) (2024)                                                Page 4006 of 22 
 

 
 

information, reducing the risk of medication errors and adverse drug events. 

Telemedicine platforms and mobile health apps support continuous monitoring and 

follow-up, ensuring that patients receive ongoing support and care [13]. 

Challenges and Barriers 

Despite the numerous benefits of eHealth, several challenges and barriers must be addressed 

to fully realize its potential in pharmacy practice. These include technological limitations, 

regulatory and legal challenges, privacy and security concerns, and the acceptance and 

adoption of eHealth by healthcare providers and patients [14]. 

1. Technological Limitations: The implementation of eHealth technologies requires 

robust infrastructure and reliable internet connectivity, which may not be available in 

all areas. Additionally, the integration of different eHealth systems can be complex 

and costly, posing challenges for smaller healthcare providers [15]. 

2. Regulatory and Legal Challenges: The regulatory landscape for eHealth is evolving, 

with varying requirements across different regions. Ensuring compliance with 

regulations and addressing legal issues related to telepharmacy and eHealth can be 

challenging. Clear guidelines and policies are needed to support the safe and effective 

use of eHealth technologies [16]. 

3. Privacy and Security Concerns: Protecting patient data is a critical concern in 

eHealth. Ensuring the privacy and security of health information requires robust 

cybersecurity measures and adherence to data protection regulations. Healthcare 

providers must implement safeguards to protect against data breaches and 

unauthorized access [17]. 

4. Acceptance and Adoption: The successful implementation of eHealth technologies 

depends on the acceptance and adoption by healthcare providers and patients. 

Training and education are essential to ensure that pharmacists and other healthcare 

professionals are proficient in using eHealth tools. Patients also need to be informed 

about the benefits of eHealth and how to use these technologies effectively [18]. 

Future Directions and Innovations 

The future of eHealth in pharmacy practice is promising, with ongoing advancements in 

technology and increasing acceptance by healthcare providers and patients. Emerging trends 

and innovations include the use of artificial intelligence (AI) and machine learning to 

optimize medication therapy, the development of more sophisticated mobile health apps, and 

the integration of wearable devices to monitor patients' health in real-time [19]. 

AI and machine learning can analyze large datasets to identify patterns, predict outcomes, 

and personalize medication therapy. For example, AI algorithms can assist in detecting 

potential drug interactions, predicting patient adherence, and optimizing treatment plans. 

These technologies have the potential to revolutionize pharmacy practice by providing more 

precise and personalized care [20]. 

The development of mobile health apps is also evolving, with more advanced features and 

capabilities. Future apps may include AI-powered virtual assistants, real-time health 

monitoring, and integration with other digital health tools. These advancements will further 

enhance patient engagement and self-management [19,20]. 
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Wearable devices, such as smartwatches and fitness trackers, can monitor patients' health 

parameters, such as heart rate, blood pressure, and glucose levels. Integrating these devices 

with eHealth platforms allows pharmacists to receive real-time data and provide timely 

interventions. This continuous monitoring supports proactive care and helps prevent 

complications [18-20]. 

Technological Innovations in Telepharmacy 

Overview 

Technological innovations have been the cornerstone of the rapid development and adoption 

of telepharmacy. These advancements enhance the accessibility, efficiency, and quality of 

pharmacy services, enabling pharmacists to deliver care remotely. Key technologies driving 

telepharmacy include telecommunication platforms, automated dispensing systems, artificial 

intelligence (AI), and electronic health records (EHRs). This section delves into these 

innovations and their impact on pharmacy practice. 

Telecommunication Technologies 

Telecommunication technologies form the backbone of telepharmacy, facilitating real-time 

communication between pharmacists and patients. Video conferencing, secure messaging, 

and mobile health applications are the primary tools used in telepharmacy. 

1. Video Conferencing: Video conferencing platforms enable pharmacists to conduct 

virtual consultations with patients. These platforms support interactive, face-to-face 

communication, allowing pharmacists to assess patients' health conditions, provide 

counseling, and monitor treatment outcomes. Video conferencing is particularly 

useful for medication therapy management (MTM), chronic disease management, and 

patient education [1]. This technology ensures that patients receive timely and 

personalized care, regardless of their geographic location. 

2. Secure Messaging: Secure messaging platforms provide a convenient and 

confidential way for pharmacists and patients to communicate. These platforms allow 

patients to send questions or concerns about their medications, and pharmacists can 

respond with advice and instructions. Secure messaging ensures that sensitive health 

information is protected, adhering to privacy regulations such as the Health Insurance 

Portability and Accountability Act (HIPAA) in the United States [2]. 

3. Mobile Health Applications: Mobile health applications, or mHealth apps, are 

increasingly being used in telepharmacy to enhance patient engagement and 

adherence. These apps offer features such as medication reminders, dosage tracking, 

and educational resources. Patients can also use mHealth apps to schedule virtual 

consultations and receive notifications about their prescriptions. By promoting active 

participation in their healthcare, mHealth apps improve patient outcomes and 

satisfaction [3]. 

Automated Dispensing Systems 

Automated dispensing systems (ADS) are crucial for the accurate and efficient dispensing of 

medications in telepharmacy. These systems use robotics and advanced software to manage 

medication inventory, prepare prescriptions, and ensure precise dosing. 
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1. Robotic Dispensing Units: Robotic dispensing units automate the medication 

dispensing process, reducing the risk of human error and enhancing workflow 

efficiency. These units can store a large inventory of medications and dispense them 

accurately based on electronic prescriptions. Pharmacists can remotely oversee the 

dispensing process, ensuring that patients receive the correct medications promptly 

[4]. 

2. Automated Medication Management Systems: These systems integrate with EHRs 

and pharmacy management software to streamline medication management. They can 

track inventory levels, monitor expiration dates, and generate alerts for restocking. 

Automated medication management systems enhance the operational efficiency of 

pharmacies and ensure that patients have continuous access to their medications [5]. 

Artificial Intelligence (AI) and Machine Learning 

AI and machine learning are transforming telepharmacy by providing advanced analytical 

capabilities and decision support. 

1. AI-Powered Clinical Decision Support Systems (CDSS): AI-powered CDSS 

analyze vast amounts of patient data to assist pharmacists in making informed clinical 

decisions. These systems can identify potential drug interactions, recommend 

alternative therapies, and predict patient adherence. By providing evidence-based 

recommendations, AI-powered CDSS enhance the quality and safety of 

pharmaceutical care [6]. 

2. Predictive Analytics: Predictive analytics use machine learning algorithms to 

forecast patient outcomes and identify at-risk patients. For example, AI can analyze 

patterns in medication adherence data to predict which patients are likely to miss 

doses. Pharmacists can then intervene proactively, providing additional support and 

counseling to improve adherence [7]. 

3. Natural Language Processing (NLP): NLP technologies enable the extraction and 

analysis of relevant information from unstructured data sources, such as clinical notes 

and patient queries. By processing and understanding natural language, NLP systems 

can assist pharmacists in documenting patient interactions, generating medication 

summaries, and answering patient questions efficiently [8]. 

Electronic Health Records (EHRs) 

EHRs are integral to telepharmacy, providing a comprehensive and real-time view of patient 

health information. 

1. Integration with Telepharmacy Platforms: EHRs can be integrated with 

telepharmacy platforms to streamline the flow of information between patients, 

pharmacists, and other healthcare providers. This integration ensures that pharmacists 

have access to up-to-date patient data, including medication histories, allergies, and 

laboratory results. It supports coordinated care and reduces the risk of medication 

errors [9]. 

2. Medication Reconciliation: EHRs facilitate medication reconciliation by allowing 

pharmacists to review and compare patients' medication lists at different points of 

care. This process ensures that patients receive the correct medications and dosages, 

preventing adverse drug events and improving patient safety [10]. 
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3. Patient Portals: Many EHR systems include patient portals that allow patients to 

access their health information, communicate with healthcare providers, and manage 

their medications. Patient portals empower patients to take an active role in their 

healthcare, enhancing engagement and adherence [11]. 

Benefits of Technological Innovations in Telepharmacy 

1. Improved Access to Care: Telecommunication technologies and mobile health 

applications improve access to pharmacy services, particularly for patients in remote 

or underserved areas. By enabling virtual consultations and remote medication 

management, these technologies ensure that patients receive timely and appropriate 

care [12]. 

2. Enhanced Medication Safety and Accuracy: Automated dispensing systems and 

AI-powered decision support tools enhance the accuracy and safety of medication 

dispensing and management. These technologies reduce the risk of human error, 

ensuring that patients receive the correct medications and dosages [13]. 

3. Operational Efficiency: Technological innovations streamline pharmacy operations, 

improving workflow efficiency and reducing administrative burdens. Automated 

systems and integrated EHRs enhance inventory management, documentation, and 

communication, allowing pharmacists to focus more on patient care [14]. 

4. Personalized Patient Care: AI and machine learning enable personalized patient care 

by analyzing individual patient data and providing tailored recommendations. This 

personalized approach improves patient outcomes and satisfaction, as patients receive 

care that is specifically designed to meet their unique needs [15]. 

Challenges and Considerations 

Despite the significant benefits of technological innovations in telepharmacy, several 

challenges and considerations must be addressed. 

1. Technological Barriers: Implementing advanced technologies requires substantial 

investment in infrastructure, training, and maintenance. Smaller pharmacies and those 

in resource-limited settings may face challenges in adopting these technologies due to 

cost and logistical constraints [16]. 

2. Privacy and Security Concerns: The use of digital technologies in healthcare raises 

concerns about the privacy and security of patient data. Ensuring robust cybersecurity 

measures and compliance with data protection regulations is critical to protecting 

patient information and maintaining trust [17]. 

3. Regulatory and Legal Issues: The regulatory landscape for telepharmacy and the use 

of emerging technologies is still evolving. Clear guidelines and policies are needed to 

ensure the safe and effective implementation of these innovations while addressing 

legal and ethical considerations [18]. 

4. Acceptance and Adoption: The successful adoption of technological innovations in 

telepharmacy depends on the acceptance and proficiency of healthcare providers and 

patients. Ongoing training and education are essential to ensure that pharmacists and 

other healthcare professionals are equipped to use these technologies effectively. 

Patients also need to be informed about the benefits and usage of telepharmacy tools 

[19]. 

Future Directions 
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The future of telepharmacy will likely see further advancements in AI, machine learning, and 

mobile health technologies. Emerging trends include the integration of wearable devices for 

real-time health monitoring, the use of blockchain for secure data sharing, and the 

development of more sophisticated AI algorithms for personalized care. These innovations 

will continue to enhance the accessibility, efficiency, and quality of telepharmacy services, 

transforming the way pharmaceutical care is delivered [20]. 

Benefits of Telepharmacy and eHealth 

Overview 

Telepharmacy and eHealth are revolutionizing pharmacy practice by providing numerous 

benefits that enhance patient care, improve access to services, and streamline healthcare 

delivery. These technologies leverage digital tools to offer pharmaceutical services remotely, 

thus overcoming geographical barriers and making healthcare more efficient and patient-

centered. This section explores the key benefits of telepharmacy and eHealth in detail. 

Improved Access to Pharmacy Services 

One of the most significant benefits of telepharmacy and eHealth is the improved access to 

pharmacy services, especially for patients in rural or underserved areas. Traditional pharmacy 

services often require patients to travel long distances to access care, which can be 

challenging for those living in remote locations or with limited mobility [1]. 

Telepharmacy allows patients to receive essential pharmacy services, such as medication 

dispensing, consultations, and medication therapy management (MTM), from the comfort of 

their homes. This increased accessibility ensures that patients can receive timely and 

necessary care regardless of their geographic location. For example, remote dispensing units 

and telecommunication technologies enable pharmacists to serve patients in rural areas, 

reducing the need for long-distance travel and ensuring continuous access to medications [2]. 

Enhanced Medication Management and Adherence 

Telepharmacy and eHealth technologies support better medication management and 

adherence, which are critical for effective treatment and improved health outcomes. These 

technologies provide pharmacists with real-time access to patients' medication histories, 

allergies, and other relevant health information, enabling them to make informed decisions 

and optimize therapy [3]. 

1. Medication Therapy Management (MTM): MTM services are an integral part of 

telepharmacy, allowing pharmacists to conduct comprehensive medication reviews, 

identify potential drug interactions, and provide personalized recommendations. 

Regular virtual consultations and follow-ups help ensure that patients understand their 

medication regimens, leading to improved adherence and better health outcomes [4]. 

2. Medication Reminders and Tracking: Mobile health applications and telemedicine 

platforms often include features such as medication reminders and tracking tools. 

These features help patients remember to take their medications as prescribed and 

monitor their adherence. By promoting consistent medication use, these technologies 

reduce the risk of treatment failure and hospitalizations [5]. 
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Cost-Effectiveness and Efficiency 

Telepharmacy and eHealth offer cost-effective solutions for delivering pharmacy services, 

benefiting both patients and healthcare providers. These technologies reduce the need for in-

person visits, travel expenses, and associated costs, making healthcare more affordable and 

accessible [6]. 

1. Reduced Healthcare Costs: By enabling remote consultations and medication 

management, telepharmacy reduces the need for frequent in-person visits, lowering 

transportation costs for patients. Additionally, telepharmacy helps prevent costly 

hospital readmissions by ensuring that patients receive proper medication 

management and follow-up care [7]. 

2. Operational Efficiency: Telepharmacy and eHealth technologies streamline 

pharmacy operations, improving workflow efficiency and reducing administrative 

burdens. Automated dispensing systems, electronic health records (EHRs), and health 

information exchange (HIE) systems enhance inventory management, documentation, 

and communication, allowing pharmacists to focus more on patient care. This 

improved efficiency leads to cost savings and better resource utilization [8]. 

Patient Safety and Quality of Care 

Telepharmacy and eHealth enhance patient safety and the overall quality of care by ensuring 

accurate medication dispensing, providing timely consultations, and monitoring patients' 

health conditions. These technologies reduce the risk of medication errors and adverse drug 

events, promoting safer and more effective treatment [9]. 

1. Accurate Medication Dispensing: Automated dispensing systems and robotics used 

in telepharmacy ensure the accurate and efficient dispensing of medications. These 

systems minimize the risk of human error, ensuring that patients receive the correct 

medications and dosages. Pharmacists can remotely supervise the dispensing process, 

verifying the accuracy and safety of prescriptions [10]. 

2. Timely Consultations and Follow-Ups: Telepharmacy enables pharmacists to 

provide timely consultations and follow-up care, ensuring that patients receive 

continuous support and guidance. Regular virtual check-ins help monitor patients' 

health conditions, adjust therapies as needed, and address any concerns promptly. 

This continuous care enhances treatment outcomes and patient satisfaction [11]. 

Patient Engagement and Empowerment 

Telepharmacy and eHealth technologies empower patients to take an active role in their 

healthcare by providing easy access to health information and pharmacy services. These 

technologies promote patient engagement and self-management, leading to better health 

outcomes and satisfaction [12]. 

1. Access to Health Information: EHRs and patient portals allow patients to access 

their health records, medication histories, and lab results. This transparency helps 

patients understand their health conditions and treatment plans, fostering informed 

decision-making and active participation in their care [13]. 

2. Mobile Health Applications: Mobile health applications enable patients to manage 

their medications, schedule virtual consultations, and receive educational materials on 
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managing their conditions. These apps often include features such as pill reminders, 

symptom trackers, and medication information, which help patients stay on top of 

their treatment regimens and monitor their health status [14]. 

Enhanced Interdisciplinary Collaboration 

Telepharmacy and eHealth facilitate better collaboration among healthcare providers, 

ensuring coordinated and comprehensive care. By providing access to shared health 

information, these technologies support interdisciplinary teamwork and improve 

communication among pharmacists, physicians, nurses, and other healthcare professionals 

[15]. 

1. Health Information Exchange (HIE): HIE systems enable the secure sharing of 

health information among healthcare providers, ensuring that pharmacists have access 

to up-to-date patient data. This interoperability supports coordinated care, reduces 

duplication of services, and enhances patient safety by providing a comprehensive 

view of the patient's health history [16]. 

2. Interdisciplinary Care Teams: Telepharmacy allows pharmacists to participate in 

interdisciplinary care teams, collaborating with other healthcare providers to optimize 

patient care. For example, pharmacists can join virtual rounds in hospitals, contribute 

to treatment planning, and provide medication management expertise. This 

collaboration improves patient outcomes and ensures that care is holistic and well-

coordinated [17]. 

Support for Public Health Initiatives 

Telepharmacy and eHealth technologies also support public health initiatives by facilitating 

disease surveillance, health education, and preventive care. These technologies enable the 

collection and analysis of health data, helping identify trends, monitor outbreaks, and 

implement public health interventions [18]. 

1. Disease Surveillance: EHRs and HIE systems collect valuable health data that can be 

used for disease surveillance and monitoring. Public health authorities can analyze 

this data to identify emerging health threats, track the spread of infectious diseases, 

and implement timely interventions [19]. 

2. Health Education and Preventive Care: Telepharmacy and eHealth platforms 

provide opportunities for health education and preventive care. Pharmacists can use 

these technologies to deliver educational materials, conduct virtual workshops, and 

promote healthy behaviors. By providing patients with information and resources, 

telepharmacy supports preventive care and reduces the incidence of chronic diseases 

[20]. 

Challenges and Barriers 

Overview 

Despite the numerous benefits of telepharmacy and eHealth, several challenges and barriers 

must be addressed to fully realize their potential. These challenges include technological 

limitations, regulatory and legal issues, privacy and security concerns, and the acceptance and 
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adoption of these innovations by healthcare providers and patients. This section explores 

these challenges in detail and discusses potential solutions to overcome them. 

Technological Limitations 

1. Infrastructure and Connectivity: The implementation of telepharmacy and eHealth 

requires robust technological infrastructure and reliable internet connectivity, which 

may not be available in all areas. Rural and underserved regions often face significant 

challenges in accessing high-speed internet, which is crucial for effective telehealth 

services [1]. Without reliable connectivity, the quality of virtual consultations and 

other telepharmacy services can be compromised. 

2. Integration of Systems: Integrating different eHealth systems, such as electronic 

health records (EHRs), health information exchange (HIE), and telepharmacy 

platforms, can be complex and costly. Ensuring seamless interoperability between 

these systems is essential for efficient data sharing and coordinated care. However, 

technical challenges and compatibility issues can hinder this integration, making it 

difficult for healthcare providers to fully leverage the benefits of eHealth [2]. 

3. Technical Support and Maintenance: Telepharmacy and eHealth technologies 

require ongoing technical support and maintenance to ensure their proper functioning. 

Smaller healthcare providers and pharmacies may lack the resources and expertise 

needed to manage these technologies effectively. This lack of technical support can 

lead to disruptions in service delivery and limit the adoption of telepharmacy 

solutions [3]. 

Regulatory and Legal Challenges 

1. Regulatory Compliance: The regulatory landscape for telepharmacy and eHealth is 

continually evolving, with varying requirements across different regions and 

countries. Ensuring compliance with these regulations can be challenging for 

healthcare providers. For example, telepharmacy services must adhere to licensure 

requirements, telehealth practice standards, and medication dispensing regulations, 

which can differ significantly between jurisdictions [4]. Navigating these regulatory 

complexities requires a thorough understanding of the relevant laws and guidelines. 

2. Legal Considerations: Legal issues related to telepharmacy and eHealth include 

liability concerns, informed consent, and jurisdictional challenges. Healthcare 

providers must address these legal considerations to protect themselves and their 

patients. For instance, ensuring that patients provide informed consent for telehealth 

services and understanding the legal implications of cross-border telepharmacy 

practices are essential for mitigating legal risks [5]. 

Privacy and Security Concerns 

1. Data Privacy: Protecting patient data is a critical concern in telepharmacy and 

eHealth. Healthcare providers must implement robust cybersecurity measures to 

safeguard sensitive health information from unauthorized access, breaches, and 

cyberattacks. Compliance with data protection regulations, such as the Health 

Insurance Portability and Accountability Act (HIPAA) in the United States and the 

General Data Protection Regulation (GDPR) in Europe, is essential to maintain 

patient privacy and trust [6]. 
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2. Security of Telecommunication Platforms: Telecommunication platforms used for 

virtual consultations and remote monitoring must ensure secure data transmission. 

Encryption, secure login protocols, and regular security audits are necessary to protect 

patient information. Any vulnerabilities in these platforms can compromise patient 

privacy and the integrity of telepharmacy services [7]. 

Acceptance and Adoption 

1. Healthcare Providers' Acceptance: The successful implementation of telepharmacy 

and eHealth technologies depends on the acceptance and proficiency of healthcare 

providers. Resistance to change, lack of familiarity with new technologies, and 

concerns about the quality of virtual care can hinder adoption. Continuous training 

and education are essential to help healthcare providers become comfortable with 

telepharmacy tools and understand their benefits [8]. 

2. Patient Acceptance and Engagement: Patients' acceptance of telepharmacy and 

eHealth services is crucial for their success. Some patients may be hesitant to use 

virtual consultations or mobile health applications due to concerns about privacy, the 

perceived complexity of technology, or a preference for in-person interactions. 

Educating patients about the benefits and ease of use of telepharmacy services can 

help increase their acceptance and engagement [9]. 

Cost and Resource Constraints 

1. Initial Investment: Implementing telepharmacy and eHealth technologies requires a 

significant initial investment in hardware, software, and infrastructure. Smaller 

healthcare providers and pharmacies may find these costs prohibitive, limiting their 

ability to adopt these innovations. Financial incentives, grants, and support programs 

can help mitigate these barriers and promote wider adoption [10]. 

2. Ongoing Costs: Beyond the initial investment, there are ongoing costs associated 

with maintaining and updating telepharmacy and eHealth systems. These include 

subscription fees for telehealth platforms, costs for technical support, and expenses 

related to cybersecurity measures. Ensuring sustainable funding and resource 

allocation is essential for the long-term success of telepharmacy services [11]. 

Training and Education 

1. Healthcare Providers' Training: Effective training programs are essential to equip 

healthcare providers with the skills needed to use telepharmacy and eHealth 

technologies. These programs should cover technical aspects, best practices for virtual 

consultations, and strategies for ensuring patient engagement. Ongoing professional 

development opportunities can help providers stay updated on the latest advancements 

and regulatory changes [12]. 

2. Patient Education: Educating patients about the use of telepharmacy services is 

equally important. Clear instructions, user-friendly interfaces, and support resources 

can help patients navigate telehealth platforms and mobile health applications. 

Providing education on the benefits and security measures of telepharmacy can also 

alleviate patients' concerns and enhance their willingness to adopt these services [13]. 
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Regulatory and Legal Framework 

Overview 

The regulatory and legal framework governing telepharmacy and eHealth is complex and 

evolving. It includes various regulations, guidelines, and policies designed to ensure the safe, 

effective, and ethical delivery of telepharmacy services. Understanding and navigating these 

regulatory and legal requirements is crucial for healthcare providers to comply with the law, 

protect patient privacy, and maintain the quality of care. This section explores key aspects of 

the regulatory and legal framework for telepharmacy and eHealth. 

Licensure and Practice Standards 

1. Pharmacist Licensure: One of the primary regulatory considerations for 

telepharmacy is the licensure of pharmacists. In many jurisdictions, pharmacists 

providing telepharmacy services must be licensed in the state or country where the 

patient is located. This requirement ensures that pharmacists meet the local standards 

of practice and are accountable to the regulatory authorities in that region [1]. 

However, this can create challenges for pharmacists providing cross-border services, 

as they must navigate multiple licensure requirements. 

2. Practice Standards and Guidelines: Professional organizations and regulatory 

bodies have developed practice standards and guidelines for telepharmacy to ensure 

the quality and safety of services. For example, the American Society of Health-

System Pharmacists (ASHP) has published guidelines that outline best practices for 

telepharmacy, including patient assessment, documentation, and quality assurance [2]. 

Adhering to these standards helps healthcare providers maintain high-quality care and 

ensures consistency in telepharmacy services. 

Telehealth Regulations 

1. Telehealth Practice Laws: Telehealth practice laws vary significantly between 

regions and countries, impacting the delivery of telepharmacy services. These laws 

govern the use of telecommunication technologies for healthcare delivery, including 

requirements for patient consent, documentation, and provider-patient interactions [3]. 

Understanding and complying with these laws is essential for healthcare providers to 

operate legally and ethically. 

2. Cross-Border Telepharmacy: Cross-border telepharmacy involves providing 

services to patients in different states or countries. This practice is subject to various 

regulatory challenges, including differing licensure requirements, practice standards, 

and legal jurisdictions. Healthcare providers must navigate these complexities to 

ensure compliance with all relevant regulations and provide safe and effective care to 

patients across borders [4]. 

Data Privacy and Security 

1. Data Protection Regulations: Protecting patient data is a critical aspect of 

telepharmacy and eHealth. Various data protection regulations, such as the Health 

Insurance Portability and Accountability Act (HIPAA) in the United States and the 

General Data Protection Regulation (GDPR) in Europe, establish standards for 

safeguarding health information [5]. These regulations require healthcare providers to 
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implement appropriate security measures to protect patient data from unauthorized 

access, breaches, and cyberattacks. 

2. Cybersecurity Measures: Ensuring the security of telecommunication platforms and 

electronic health records (EHRs) is essential for maintaining patient privacy and data 

integrity. Healthcare providers must implement robust cybersecurity measures, 

including encryption, secure login protocols, and regular security audits, to protect 

sensitive health information [6]. Compliance with data protection regulations and 

adherence to best practices in cybersecurity help mitigate risks and build patient trust. 

Informed Consent and Patient Rights 

1. Informed Consent: Obtaining informed consent from patients is a fundamental legal 

and ethical requirement in telepharmacy and eHealth. Patients must be fully informed 

about the nature of telepharmacy services, including the use of telecommunication 

technologies, the potential risks and benefits, and their rights and responsibilities [7]. 

Healthcare providers must ensure that patients provide voluntary and informed 

consent before receiving telepharmacy services. 

2. Patient Rights and Confidentiality: Protecting patient rights and confidentiality is 

paramount in telepharmacy. Healthcare providers must respect patients' rights to 

privacy, access to their health information, and the ability to participate in decisions 

about their care. Clear communication and transparency about how patient data is 

used and protected are essential for maintaining trust and ensuring ethical practice [8]. 

Reimbursement and Insurance 

1. Reimbursement Policies: Reimbursement for telepharmacy services varies 

depending on the region, payer policies, and the type of service provided. In many 

cases, telepharmacy services are reimbursed at rates similar to in-person services, but 

specific requirements and limitations may apply [9]. Understanding the 

reimbursement policies of different payers, including government programs and 

private insurers, is crucial for healthcare providers to ensure appropriate 

compensation for their services. 

2. Insurance Coverage: Insurance coverage for telepharmacy services is evolving, with 

many insurers recognizing the value of telehealth in improving access to care and 

reducing healthcare costs. Policies regarding coverage for telepharmacy services can 

differ significantly between insurers and regions. Healthcare providers must stay 

informed about the latest developments in insurance coverage to offer telepharmacy 

services effectively and ensure that patients can access these services without 

financial barriers [10]. 

Legal Considerations 

1. Liability and Malpractice: Legal liability and malpractice concerns are significant 

considerations in telepharmacy. Healthcare providers must ensure that they meet the 

standard of care in their telepharmacy practices to avoid legal liability. This includes 

thorough documentation, adherence to practice guidelines, and maintaining open 

communication with patients [11]. Understanding the legal implications of 

telepharmacy services and obtaining appropriate malpractice insurance coverage are 

essential for protecting healthcare providers and their patients. 
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2. Jurisdictional Challenges: Jurisdictional challenges arise when telepharmacy 

services are provided across state or national borders. Different legal jurisdictions 

may have varying regulations and standards, creating complexities for healthcare 

providers. Addressing these challenges requires a thorough understanding of the legal 

requirements in both the provider's and the patient's locations, as well as clear 

agreements and policies to manage cross-border services [12]. 

Policy Recommendations 

1. Harmonization of Regulations: To facilitate the growth and adoption of 

telepharmacy, there is a need for harmonization of regulations across different 

regions. Standardizing licensure requirements, practice guidelines, and data protection 

laws can reduce the complexity and barriers associated with telepharmacy. 

Collaborative efforts among regulatory bodies, professional organizations, and 

policymakers are essential to achieve this harmonization [13]. 

2. Support for Innovation: Policymakers should support innovation in telepharmacy by 

creating an enabling regulatory environment. This includes providing funding for 

research and development, offering financial incentives for the adoption of 

telepharmacy technologies, and implementing policies that encourage the integration 

of telepharmacy into mainstream healthcare [14]. By fostering innovation, 

policymakers can ensure that telepharmacy continues to evolve and meet the needs of 

patients and healthcare providers. 

Future Directions and Innovations 

Overview 

The future of telepharmacy and eHealth is poised for significant growth and transformation, 

driven by ongoing technological advancements, evolving healthcare needs, and increasing 

acceptance by healthcare providers and patients. This section explores the emerging trends 

and innovations that are expected to shape the future of telepharmacy, enhancing its 

capabilities and expanding its impact on healthcare delivery. 

Advancements in Artificial Intelligence (AI) and Machine Learning 

1. Personalized Medication Therapy: AI and machine learning have the potential to 

revolutionize telepharmacy by enabling personalized medication therapy. These 

technologies can analyze large datasets to identify patterns and predict patient 

responses to different medications. By tailoring medication regimens to individual 

patients based on their genetic makeup, lifestyle, and health data, AI can improve 

therapeutic outcomes and reduce adverse drug reactions [1]. For example, AI 

algorithms can recommend the most effective medication dosages and combinations 

for patients with chronic conditions like diabetes or hypertension. 

2. Predictive Analytics: Predictive analytics, powered by machine learning, can 

forecast potential health issues before they become critical. By analyzing trends in 

patient data, such as medication adherence and vital signs, predictive models can 

identify patients at risk of complications and enable early interventions. This 

proactive approach can prevent hospitalizations, reduce healthcare costs, and improve 

patient outcomes [2]. 
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Integration of Wearable Devices and Remote Monitoring 

1. Real-Time Health Monitoring: The integration of wearable devices with 

telepharmacy platforms is expected to enhance real-time health monitoring. Wearable 

devices, such as smartwatches and fitness trackers, can continuously monitor patients' 

vital signs, activity levels, and other health parameters. This data can be transmitted to 

pharmacists and healthcare providers, enabling timely interventions and adjustments 

to treatment plans [3]. For instance, a patient with heart disease can be monitored for 

irregular heart rhythms, and pharmacists can promptly recommend medication 

adjustments or further medical evaluation. 

2. Chronic Disease Management: Remote monitoring through wearable devices is 

particularly beneficial for managing chronic diseases. Patients with conditions such as 

asthma, hypertension, and diabetes can benefit from continuous monitoring, which 

provides insights into their daily health status and helps manage their conditions more 

effectively. This approach supports personalized care plans and empowers patients to 

take an active role in managing their health [4]. 

Enhanced Telecommunication and Digital Health Platforms 

1. Virtual Reality (VR) and Augmented Reality (AR): VR and AR technologies are 

emerging as innovative tools in telepharmacy. These technologies can create 

immersive and interactive environments for patient education, training, and virtual 

consultations. For example, VR can simulate real-life scenarios to educate patients 

about medication administration and disease management, while AR can assist 

pharmacists in visualizing complex drug interactions and providing more effective 

consultations [5]. 

2. Advanced Telecommunication Platforms: The development of advanced 

telecommunication platforms with enhanced features, such as high-definition video, 

real-time data sharing, and interactive tools, will improve the quality of telepharmacy 

services. These platforms will facilitate seamless communication between 

pharmacists and patients, ensuring a more comprehensive and engaging consultation 

experience [6]. Additionally, integrating these platforms with electronic health 

records (EHRs) will streamline access to patient data, enhancing care coordination 

and decision-making. 

Blockchain Technology for Secure Data Sharing 

1. Enhanced Data Security: Blockchain technology offers a promising solution for 

enhancing data security and privacy in telepharmacy. By creating a decentralized and 

tamper-proof ledger, blockchain ensures the integrity and confidentiality of patient 

health information. This technology can prevent unauthorized access and data 

breaches, building trust among patients and healthcare providers [7]. 

2. Interoperability and Data Exchange: Blockchain can facilitate seamless 

interoperability and data exchange between different healthcare systems. This 

capability is crucial for telepharmacy, as it enables pharmacists to access 

comprehensive patient records and collaborate effectively with other healthcare 

providers. By ensuring that patient data is accurate, up-to-date, and easily accessible, 

blockchain enhances the continuity and quality of care [8]. 

Telepharmacy in Public Health and Global Health Initiatives 
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1. Disease Surveillance and Management: Telepharmacy can play a vital role in public 

health by supporting disease surveillance and management. Telepharmacy platforms 

can collect and analyze health data from diverse populations, helping public health 

authorities monitor disease outbreaks, identify trends, and implement timely 

interventions. This capability is particularly valuable in managing infectious diseases 

and responding to public health emergencies [9]. 

2. Global Health Collaboration: Telepharmacy can facilitate global health 

collaboration by enabling pharmacists to provide services across borders. This 

capability is especially important in addressing health disparities in low- and middle-

income countries, where access to pharmacy services may be limited. Telepharmacy 

can support international health initiatives, provide remote consultations, and deliver 

essential medications to underserved populations [10]. 

Expansion of Telepharmacy Services 

1. Mental Health and Behavioral Therapy: Telepharmacy is expanding beyond 

traditional pharmaceutical services to include mental health and behavioral therapy. 

Pharmacists can collaborate with mental health professionals to provide medication 

management, counseling, and support for patients with mental health conditions. 

Telepharmacy platforms can facilitate virtual therapy sessions, medication reviews, 

and patient education, improving access to mental health services and supporting 

holistic care [11]. 

2. Home-Based Care and Telepharmacy Kiosks: The future of telepharmacy includes 

the expansion of home-based care and the deployment of telepharmacy kiosks in 

community settings. Home-based telepharmacy services allow patients to receive care 

in the comfort of their homes, enhancing convenience and adherence to treatment 

plans. Telepharmacy kiosks, equipped with automated dispensing systems and 

telecommunication tools, can provide pharmacy services in locations such as 

shopping centers, workplaces, and community centers, improving accessibility and 

convenience [12]. 

Regulatory and Policy Developments 

1. Standardization and Harmonization of Regulations: The future of telepharmacy 

will benefit from the standardization and harmonization of regulations across different 

regions. Consistent regulatory frameworks will reduce complexity, enhance 

compliance, and promote the widespread adoption of telepharmacy services. 

Collaborative efforts among regulatory bodies, professional organizations, and 

policymakers are essential to achieve this goal [13]. 

2. Supportive Policies and Incentives: Policymakers can support the growth of 

telepharmacy by implementing supportive policies and incentives. These may include 

funding for research and development, grants for telepharmacy infrastructure, and 

financial incentives for healthcare providers adopting telepharmacy technologies. By 

fostering an enabling environment, policymakers can ensure that telepharmacy 

continues to evolve and meet the needs of patients and healthcare systems [14]. 

Conclusion 

Telepharmacy and eHealth represent a significant evolution in pharmacy practice, offering 

innovative solutions to meet the growing demands of healthcare. By improving access to 
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care, enhancing medication management, and promoting patient engagement, these 

technologies are transforming the delivery of pharmaceutical services. As healthcare 

providers and policymakers continue to embrace and support these innovations, telepharmacy 

and eHealth will play an increasingly vital role in improving health outcomes and the overall 

quality of care. The ongoing development and integration of these technologies hold great 

promise for the future, ensuring that pharmacy practice continues to evolve and adapt to the 

changing needs of patients and healthcare systems. 
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