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Abstract

The integration of Artificial Intelligence (Al) in pharmacy practice holds great potential to revolutionize healthcare delivery and improve patient outcomes.
Al can assist pharmacists in optimizing medication selection, predicting adverse drug events and drug interactions, enhancing inventory management,
and automating prescription verification. Moreover, Al-driven systems can facilitate personalized counseling and lifestyle management for patients,
promoting treatment adherence and better health outcomes. However, the implementation of Al in pharmacy practice faces challenges, including ethical
considerations, data privacy, and the need for comprehensive training for pharmacists. This review article explores how Al technology is revolutionizing
medication management, pharmacist workflow, and patient care in pharmacy practice. Authors also explore the various applications and recommendations
to overcome the barriers, providing valuable insights for pharmacists, healthcare professionals and policymakers..
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INTRODUCTION

Artificial intelligence (Al) is the digital analog of the human
brain, that will facilitate the performance of conventional
tasks that need human knowledge, like problem-solving,
planning, learning, teaching, language comprehension, and
perception.»?The invention of such a powerful and evolutionary
technology has emerged in healthcare with great promises of
revolutionizing the practice, including pharmacy practice. Al
can improve patient care, optimize drug management, and
improve healthcare delivery through its capacity to process
massive volumes of data, determine patterns, and provide
insight.3*

Pharmacists play a crucial role in providing patient-centered
care and ensuring effective and safe use of medications.’
Medication errors, resulting from the heavy workload
placed on pharmacists, can have serious consequences on
patient well-being. These errors include medication and
patient identification mistakes, such as dispensing the wrong
medication, incorrect dosing, frequency, or dosage form,
and errors in identifying the patient’s medication needs.®’
The integration of Al into pharmacy practice allows assisting
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pharmacists in their decision-making process and enhances
patient outcomes.® Medication optimization is one of the
important areas in pharmacy practice where Al can show its
capabilities. The algorithm technique aids in identifying drug-
drug interactions, predicting possible adverse drug reactions,
monitor pharmacokinetics, identify optimal drug dosages,
and customize individualized treatment plans for patients.®
Moreover, Al can analyze patient data and identify the need for
intervention or medication adjustments leading to improved
therapy management. Therefore, pharmacists can minimize
adverse events, improve therapeutic outcomes, and satisfy
their patients.°

Different forms of Al techniques are used to provide such
technology. Firstly, the rapidly growing, machine learning
(ML).**Another progressing technique is natural language
processing (NLP)'? and finally, data mining where an advanced
algorithm is used to analyze patient data, personalize treatment
plans, and identify medication-related errors. Therefore, clinical
and retail pharmacists can make evidence-based interventions
and recommendations, and enhance safety and quality of
patient care through the Al-driven decision support system.*®

Incorporating Al into pharmacy practice offers the potential
to increase efficiency and improve healthcare delivery. Al-
powered technologies have the potential to automate drug
administration operations, decreasing human errors and
increasing workflow efficiency.!* Automation and robotics can
manage pharmaceutical inventories, ensure exact stock levels,
and decrease waste,’® These advancements not only alleviate
the workload of pharmacists but also enable them to prioritize
providing patient care including counseling and enhancing
patient adherence to treatment. However, other than the
potential benefits, it is critical to recognize the limitations
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and challenges connected with the implementation of Al in
pharmacy practice. To ensure the appropriate and successful
use of Al technologies, ethical concerns, privacy protection, and
regulatory compliance must be addressed.’This comprehensive
review article contributes to the existing articles regarding the
use of Al technology in pharmacy practice and aims to address
the wide range of Al applications in pharmacy practice and
focus on its impact on pharmacists and patient-centered care.

OBJECTIVE

This comprehensive review article provides a thorough analysis
of the application of Al in pharmacy practice, applicable to
both clinical and retail pharmacists. With a unique focus on
medication management, pharmacy workflow, and patient
care. It goes beyond a surface-level examination by going
further and providing examples from previous studies to
illustrate the use and impact of Al on pharmacy practice
focusing on medication management, pharmacist workflow,
and patient care, in addition to the subsequent influence on
patient health outcomes. Moreover, the article takes a critical
approach by identifying and discussing the barriers and ethical
issues that arise with the integration of Al in the healthcare
profession and highlighting its future direction in pharmacy
practice. This article offers valuable insights into the evolving
landscape of medication management, pharmacist workflow,
and patient care in the pharmacy practice using Al-based
technology. Through its comprehensive coverage and unique
analysis, this research article serves as a significant resource
for pharmacists, healthcare professionals, researchers, and
policymakers seeking to understand and harness the potential
of Al in optimizing pharmacy practice and improving patient
care.

METHODOLOGY

Comprehensive research was employed to evaluate relevant
publications within the scope of Al in pharmacy practice. The
search strategy incorporated keywords related to “Artificial
intelligence in pharmacy practice”, “Artificial intelligence
in healthcare”, “Artificial intelligence and medication
management”, “pharmacy workflow”, “patient care”, “patient
counseling”, “patient adherence”, “ethical issues”, and
“pharmacists’ education”. Extensive literature searches were
conducted across trusted databases, including Google Scholar,
PubMed, and SCOPUS. Furthermore, specific Al software and
applications were identified through Google searches and by
referencing the owners’ websites for further investigation.
Only references indexed between July 2015 and July 2023 were
considered to ensure the inclusion of recent and up-to-date
information.

Medication management

The impact of medication errors on patient well-being cannot
be overstated. Each year, a huge number of individuals suffer
tragic consequences, including loss of life and unreported
adverse reactions or complications. These errors create a
heavy financial burden, exceeding $40 billion annually and

affecting millions of patients. However, the consequences
extend far beyond the circle of finances. Patients endure
not only physical pain and suffering but also face emotional
distress and psychological trauma. Furthermore, medication
errors undermine the trust that patients place in the healthcare
system, leading to decreased satisfaction with their overall care
experience. Recognizing the seriousness of these consequences
needs a concerted effort to enhance medication safety,
promote attentive practices, and ensure patient-centered
care. By addressing these challenges directly, healthcare
professionals can work towards a future where medication
errors are minimized, patient well-being is prioritized, and trust
in the healthcare system is restored.%1#

Incorrect patient identification and medication administration
are two of the most prevalent medication errors. These errors
include incorrect dosing, improper medication selection, and
errors in monitoring patients with liver or kidney disease or
allergies. Medication management is critical to avoid these
errors, and pharmacists are at the forefront of developing and
implementing safety improvements.®’ Artificial intelligence (Al)
can serve as a valuable tool to aid pharmacists in enhancing
patient safety and minimizing errors.'® Some of the potential
uses of Al in aiding pharmacists in maximizing medication
management are as follows:

Optimized medication selection

Optimized medicine selection is a critical process that aims
to ensure the best possible treatment outcome for individual
patients. It involves a comprehensive evaluation of numerous
factors, including the patient’s medical conditions, symptoms,
medical history, genetic factors, demographic information,
potential drug interactions, and possible side -effects.?’
Pharmacists analyze all these data and then can make
decisions to minimize the risks associated with medication and
maximize therapeutic benefits. This individualized approach
acknowledges that patients have different responses to the
medications due to factors such as genetic variations, pre-
existing conditions, and polypharmacy.”* Pharmacists are part
of this process because they are medication expertise and
prevent medication errors by ensuring the right drug, frequency,
dose, and dosage form.?2 So how can Artificial intelligence aid
pharmacists in optimizing medicine? Al-based systems can
provide pharmacists with advanced decision-support tools.
These tools analyze vast amounts of patient data from various
sources, including electronic health records (EHR), genomic
sequencing, medical reports, and lifestyle information.=%
The more comprehensive and diverse the data, the better Al
can understand individual patients’ unique characteristics
and medication needs. Pharmacists can take advantage of
Al models to generate predictions and recommendations
made specifically for individual patients. These models know
historical patients’ data, treatment outcomes, and medical
knowledge to outlook the disease progression, treatment
response, and potential adverse effects.??” One area where
Al plays a significant role in pharmacogenomics is where
pharmacists utilize a patient’s genetic information to optimize
their response to medication therapy. Al assists in interpreting
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pharmacogenomic data, identifying how an individual’s genetic
makeup may influence their response to specific medications.?
By considering these results of the genetic factors, Al systems
provide insights into optimal medication selection and dosing
adjustments, personalized to a patient’s genetic profile.?®
Moreover, another feature that Al can provide is facilitating
the screening of phenotype drug compounds, enabling the
prediction of how individual patients will respond to specific
medications. By analyzing patient data and integrating it with
specific to dug information, Al models estimate the likelihood
of therapeutic success and identify patients who may be at
a higher risk of adverse reactions.3*3? In some cases, where
no previous predictions of treatments exist, personalized
drug screening strategies can be employed using biopsies or
biomaterials obtained from patients. This approach mostly
performed in a hospital setting, as suggested by Kodack et al.
in the context of cancer, helps ensure the molecular structure
of the drug produced has favorable properties inside the
body.3® CURATE.AIl is a noteworthy example of Al software, it
can optimize real-time treatment, allowing for personalized
adjustments that can lead to improved outcomes, identifying
patterns, and refining treatment strategies accordingly. Initially,
the platform analyzes the patients’ data such as genetic
factors, environmental factors, and lifestyle, to establish a
baseline profile and understand the individual response to
treatments. As the patient progresses through the treatment
plan, CURATE.AI continuously adapts the plan in response to
real-time feedback, adjusting dosage, timing, or combination
of therapies as necessary. It aims to provide personalized and
dynamic treatment plans that are tailored to each patient’s
unique characteristics and evolving needs, leading to improved

treatment efficacy, minimized side effects, and ultimately
provide better patient care.'®3*(Figure 1)

Predicting Adverse drug events, Adverse drug reactions, and
Drug Interactions

Adverse drug events, adverse drug reactions, and drug
interactions are medication errors that pose substantial risks
to patients and are major concerns in the field of healthcare.®
However, the application of Al technology offers a promising
solution to enhance the prediction and management of
these reactions. In a recent study conducted by Westerman
and his colleagues in 2022, machine learning techniques
and the U.S. FDA Adverse event reporting system (FAERS)
database were employed to improve the identification of
adverse events associated with new drug combinations. The
researchers identified patterns linking drugs to specific side
effects, by utilizing dimensional reduction and a convolutional
neural network algorithm, these patterns were then encoded
into a compressed representation known as “latent space”,
enabling simplified analysis and interpretation of adverse
event profiles.?®3” Al algorithms, including deep learning and
convolutional neural networking, can process vast amounts
of data and identify tricky associations between drugs and
adverse events, adverse reactions, and drug interactions.®®
These predictions happen by analyzing diverse sources of
information, such as electronic health records, drug databases,
clinical trial data, adverse events, and adverse reaction
reporting systems.® Al algorithms can uncover relationships
and risk factors of medications that may not be visible to
human experts.
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A notable example of Al's application in predicting adverse
drug reactions comes from a study conducted by Stanford
researchers in 2018. They developed an Al deep learning
technology that successfully identified numerous drug
interactions and associated complications. This study
demonstrated the potential of Al to accurately predict adverse
drug reactions, drug interactions, and their complications.*

Furthermore, Al plays a crucial role in identifying and managing
drug interactions. Al algorithms can screen for potential drug
interactions, encompassing both drug-drug interactions, and
drug-disease interactions, and provide alerts to the healthcare
provider and patients. For example, when a patient has been
prescribed a new medication while already taking another
for a different medical condition, Al can analyze the potential
interactions between the drugs and alert pharmacists,
offering recommendations on adjusting dosages or suggesting
alternative medications. In addition to that, Artificial
intelligence can screen for drug-disease interactions, identify
medications that may worsen pre-existing conditions, and
provide appropriate alerts and suggestions.****The mentioned
implications of Al in predicting Adverse drug events, adverse
drug reactions, and drug interactions have the potential to aid
pharmacists in preventing medication errors to enhance patient
safety and improve medication management. The Al models
continuously learn and adapt as new data becomes available,
enhancing the accuracy and reliability of the predictions over
time.*

Pharmacy workflow

In the profession of modern pharmacy, there is a notable shift
towards prioritizing patient-centered care.*** However, this
raises the question of what happens to the other essential
tasks traditionally carried out by pharmacists. These tasks
include verifying prescriptions, performing doublechecks to
prevent errors, managing inventory, dispensing medications,
patient counseling and education. The heavy workload
placed on pharmacists compromises their ability to deliver
optimal patient-centered care. To address this challenge,
the integration of Al technology can alleviate pharmacists’
technical responsibilities, allowing them to focus on providing
personalized care to patients.®*’

Robotic dispensing integrated with Al technology

Pharmacy dispensing robotics is one of the most significant
technologies that play a prominent role in the advancement
of hospital pharmacy systems.*® Pharmacists operate under
extreme pressure and have countless workloads, which
can lead to dispensing errors, such as sound-alike and look-
alike medications that threaten the patient well-being.*’ The
need for robotic-assisted pharmacies is arising from here to
distribute drugs to reduce such human errors, as robots can
provide accurate dispensing and enhance patient safety.”® In
Australia, an Al-integrated dispensing robotic called Fred AID
(Artificial intelligence directions) was introduced in 2021.
This system assists pharmacists in reducing the time spent
on repetitive tasks such as entering medication directions,
ultimately increasing pharmacist time on patient care, hence

increasing patient safety.”® Emirates health services also
introduced the robotic pharmacy in 2022, which operates
autonomously through Al-integrated technology. This
advanced system can identify and locate thousands of different
medications, enhancing the efficiency and effectiveness of the
dispensing process.*® One notable example of a hospital robot
is the “Drug Station”, which was developed by Yuyama Co., Ltd.,
It is specifically designed to store large quantities of single-
unit packages, accommodating approximately 1,200 units of
various oral medications. The robot facilitates the retrieval of
prescribed medicines based on instructions on the screen, by
connecting to the hospital’s computerized order entry, then by
utilizing prescription data from the computerized order entry
system, the robot transfers the preparation of the medication.
Furthermore, to verify the quantities of the medications,
the robot employs electronic scales or built-in cameras.*
Omnicell, a leading provider of pharmacy automation
solutions, has expanded its reach to include retail pharmacy
settings in addition to hospitals. Their robotic systems offer
advanced storage capabilities tailored for chaotic storage
environments. In these environments, medication packs are
strategically placed on shelves to optimize space utilization,
benefiting hospitals with extensive formularies. Alternatively,
the channel-fed dispensing method allows for faster picking
speeds by dedicating specific channels to different types of
drugs. However, channel-fed storage requires careful sizing of
channels to accommodate varying pack sizes, which can be a
challenge. The Medimat system represents the next generation
of pharmacy automation by combining both chaotic and
channel-fed storage features in a single system. This innovative
approach ensures the fastest dispensing speed for frequently
used drug lines, while still providing the flexibility to store other
drug lines in the chaotic storage unit. The Medimat system
serves as a compact storage warehouse and dispensing unit,
incorporating a semi-automated filing system for enhanced
efficiency.’*>2 These robotic systems when integrated with Al
technology, can aid in preventing errors, increasing patient
safety, and easing pharmacist workflow.

Inventory management

Al technology has the potential to transform inventory
management practices within the field of pharmacy, offering
a range of benefits and efficiencies. One significant advantage
offered by Al in inventory management is the ability to predict
future medication needs accurately.>® Pharmacists can forecast
the demand for specific medications based on historical sales
data, patient demographics, and other relevant factors. This
predictive capability empowers pharmacists to optimize their
inventory levels, ensuring they have the right medications in
stock at the right time while avoiding overstocking or out-of-
stock situations. Moreover, Al-based systems can automate
the replenishment process. Real-time monitoring of inventory
levels enables the automatic generation of purchase orders
when the stock falls below a threshold that has been set.
This automated approach eliminates the need for manual
intervention, expediting the procurement process and
ensuring timely restocking of essential medications.>**¢ Al is
also important in supply chain optimization, it can optimize
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drug distribution and delivery by analyzing massive volumes of
supply chain data, such as lead times, supplier performance,
and transportation logistics. This not only cuts prices but
also wastes and improves overall operational efficiency.>”>®
One notable example of Al-powered inventory management
software is LEAFIO. This system offers a range of features to
facilitate effective inventory control. It allows pharmacists
to replenish, track and match substitute products when new
medication modification becomes available. Not only that, but
it can also predict demand for new products by analyzing sales
history, preventing losses due to overstocking. LEAFIO helps
in maintaining an adequate inventory buffer by considering
shelf life, availability, and delivery time. In situations where
certain medications are unavailable, an intelligent selection
of substitute products ensures patient satisfaction and avoids
lost sales. An important feature in inventory management is
expiration date management. Al systems can track and monitor
the expiration dates of medication, altering pharmacists’
advances when a medication is near expiration. This approach
enables pharmacies to minimize the risk of dispensing expired
medications to patients and thus ensuring their safety.
Furthermore, Al systems contribute to accurate demand
estimation and analyzing drug product ranges to identify
slow-moving products, this capability prevents unnecessary
accumulation of slow-moving products and optimizes the
availability of high-demand products.*®

Prescription verification

Pharmacists have the responsibility of verifying prescriptions
provided by patients and detecting any associated errors.
However, they are also susceptible to making mistakes, such
as misinterpreting the prescriber’s handwriting or overlooking
medication errors like those discussed in this article, such as
incorrect dosage, frequency, or indications for the wrong
patient. In a 2022 study, an Al-powered technique called
signature verification was employed to investigate features
that significantly enhance the accuracy of dispensing the
correct medication based on the prescription. The dataset
used in the study included 24 medicine names from 2 users,
and the results demonstrated an improved accuracy ranging
from 38.5% to 84% across 9 users.®® MedAware, a healthcare
solutions provider utilizing Al technology, has developed a
robust system that leverages algorithms to improve patient
safety. This system generates real-time alerts for healthcare
providers whenever a potential prescription error is detected.
These alerts seamlessly integrate into the workflow, prescribing
system, and electronic health record (EHR). Each alert precisely
highlights the specific error and offers actionable information
and recommendations to promptly address the issue. One
significant aspect of MedAware is its continuous refinement
of algorithms through ongoing learning and adaptation. As the
system processes and analyzes more prescriptions, it ensures
that the system evolves and adjusts to the ever-changing
landscape of prescription practices.®*

Patient care

Pharmacy professionals go beyond their traditional role in
managing pharmacies, and playacrucial partin patient-centered

care, particularly in the management of chronic diseases they
serve as coaches, guiding patients on adopting healthy eating
styles, helping them quit smoking, and addressing active
lifestyles.®? Pharmacists provide extended services, educate
patients, and promote treatment adherence. The major
barriers were the lack of time from the pharmacists due to the
workflow.* Meanwhile, the integration of Al technology offers
pharmacists a comprehensive understanding of each patient’s
unique needs, enabling personalized interventions.®* Artificial
technology can evaluate massive volumes of data and actively
engage patients by making individualized recommendations
and therapies.?* This enables individuals to actively participate
in their health management, resulting in improved adherence
and better health outcomes. The combination of pharmacy
experience and Al capabilities allows pharmacist services to
be expanded, making them more individualized, efficient, and
accessible.

Lifestyle management and counseling

Artificial intelligence offers potential benefits in areas such as
behavioral coaching, personal nutrition intervention, physical
activity recommendations, and patient education.®® One
significant area where Al has shown promise is personalized
diet planning. Research has demonstrated that individuals
are more likely to adhere to a diet plan for a longer period
if it is tailored to their specific needs and preferences, by
incorporating factors such as food of preference, cultural
background, and lifestyle habits.?® This personalized approach
allows healthcare professionals to identify potential nutrient
deficiencies that may contribute to patients’ health issues.
For instance, an Al algorithm can recognize a patient with
a history of anemia and recommend a plant-based diet that
would benefit from incorporating more iron-rich foods and
supplements.®” Moreover, Artificial intelligence can go further
and identify potential intolerance, this enables the creation
of die plans that avoid triggers and promote better health
outcomes for individuals.®” This level of precision in diet
guidance can help prevent and manage chronic diseases and
improve overall health.®® Al has demonstrated its potential to
assist individuals in quitting smoking. For example, Persuasive
Communication Tailoring and Quit Coach are Al-powered
platforms that have successfully offered tailored therapies,
resulting in better outcomes compared to traditional
interventions. These platforms send individualized messages
to individuals attempting to quit smoking, help set an end date
for smoking, provide support during moments of cravings, and
assist in navigating situations where the patient used to smoke.
Not only that, but these innovative apps utilize interactive
conversation with virtual characters to raise awareness about
the harmful consequences of tobacco use.®®’° Breast cancer
was another condition where Al served as a valuable resource
for the empowerment of patients and their loved ones. “Vik” is
a chatbot, where it aimed in breast cancer to enhance patient
outcomes through sending personalized text messages, Vik
provides treatment reminders, educational content, and
relevant medical information related to the disease.” ChatGPT,
a similar software, plays a significant role in providing valuable
assistance and vital information to patients, including guidance

5

www.pharmacypractice.org (elssn: 1886-3655 ISSN: 1885-642X)

© the Authors


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.pharmacypractice.org/

Rammal DS, Alomar M, Palaian S. Al-Driven pharmacy practice: Unleashing the revolutionary potential in medication management,
pharmacy workflow, and patient care. Pharmacy Practice 2024 Apr-Jun;22(2):2958.

https://doi.org/10.18549/PharmPract.2024.2.2958

on medication usage and information about associated side
effects. This is especially relevant for patients with mental
illnesses who may find it difficult to engage in face-to-face
interactions. The accessibility offered by Al-based systems
encourages patients to actively participate in therapy and
empowersthemto seek the assistance they need.”””* Moreover,
these Al-driven systems use the power of machine learning to
deliver personalized support, thereby increasing the likelihood
of effectively managing individuals’ specific conditions. This
technology has massive potential in assisting pharmacists in
providing personalized extended services and counseling to
patients. By benefiting from this advanced technology, not
only does patient adherence improve significantly, but overall
health outcomes are also greatly enhanced.

Monitoring Adherence

In non-adherence patients, the pharmacist’s role is to
implement various interventions to improve adherence,
including additional counseling sessions, adherence aids, and
personalized reminder systems.”® Artificial intelligence plays a
crucial role in enhancing medication adherence. For instance,
Labovitz et al. developed an Al-generated smartphone app that
uses a neural network computer vision algorithm to visually
identify patients, and medication, and confirm ingestion. The
app provides medication reminders and instructions on dosing.
It was proven to work on stroke patients and increased their
adherence to anticoagulants.” Similarly, Bain et al. evaluated
an Al platform based on a smartphone application, it utilizes
facial recognition, computer vision, and software algorithms to
assess adherence in patients with schizophrenia and cognitive
impairment. Through the Al platform, it was demonstrated
increased adherence rates compared to the control group.”
These studies emphasize the potential of Artificial intelligence
in rapidly detecting nonadherence and predicting future
non-adherence. Another approach using Al to enhance
patient adherence is remote patient monitoring (RPM), this
system utilizes virtual assistants to send smart text-based
communications to patients, reminding them to take readings
and providing support and education.” Several apps such as
AiCure employ advanced technology such as the use of live
footage to observe patients taking their medication correctly.
Smart packaging such as a smart pillbox, can alert the patient
when to take the medications using sounds and lights, and also
track when medication is taken out of packaging.”” Wearable
devices have been developed to gather individuals’ personal
health and exercise data, with the ability to transmit this
information in real-time to healthcare professionals. These
devices serve as remote tools for monitoring and enabling
timely interventions. For instance, a wearable patch affixed
to the skin can detect whether the patient ingested the pills
or not and at what time, by sensing the presence of a pill
sensor. Additionally, these wearables can do more than just
detect actions, they can also alert patients to abnormal heart
rates, and lack of movement, and remind them to take their
medications. Such wearable technologies play a crucial role in
improving patient care by promoting medication adherence
and offering valuable insights into activity levels and medication
usage.’®®81 (Figure 2)

Barriers to Al in pharmacy practice

The integration of Artificial intelligence into the pharmacy
practice has undeniable positive impacts. However, it is
important to acknowledge and face the barriers and challenges
associated with this implementation to prevent potential
difficulties and future complications. Unlike the authentic
human connection between pharmacists and patients, robots
lack the capacity for sympathy and empathy, which are
essential elements of humane care, which cannot be provided
by Al technologies. The interaction between pharmacists and
patients provides better understanding, ultimately leading
to improved care and increased patient compliance with
treatment regimens.®2 Moreover, these advanced technologies
have limitations in terms of their capacity for human-like
creativity. They rely heavily on existing data and struggle to
address unanticipated issues, which can potentially lead to
misleading reports.®

Al systems must be meticulously programmed to minimize the
occurrence of errors, for that reason the cost associated with
implementing Al technology are substantial, encompassing
initial investments, malignance expenses, and regular updates.
Pharmacists encounter challenges related to their familiarity
with these technologies and their ability to effectively navigate
Al systems and robots, therefore, adequate, and extensive
training is necessary for pharmacists to become proficient in
operating these systems.*®In addition to technical issues, ethical
considerations must be considered. These include addressing
algorithmic biases and obtaining informed consent from
patients for the usage of their data to ensure the transparency
and safety of Al systems. These ethical considerations play a
significant role in maximizing the benefits of Al while upholding
patient rights, well-being, and trust in the healthcare system.??

Recommendations to overcome the barriers

Some of the barriers associated with Artificial Intelligence (Al)
in healthcare can be overcome to fully utilize its potential.
Firstly, Al systems should undergo rigorous testing to ensure
the accuracy of information and results, thereby avoiding
potential medical errors and fatalities. Secondly, healthcare
organizations are strongly encouraged to obtain explicit
consent for data processing, invest in enhancing privacy
measures to protect sensitive data, and implement systems for
timely breach notifications. Regarding Al biases, it is essential
to conduct regular checkups and monitoring to ensure the
reliability of these tools, while also striving to build a more
diverse and representative collection of data. Furthermore,
providing comprehensive training sessions for pharmacists on
how to effectively use Al systems and leverage their benefits is
crucial. By addressing these challenges and adopting proactive
measures, the healthcare industry can harness the full potential
of Al, leading to improved patient care and outcomes.?48>

Conclusions and future perspective

The integration of Al in pharmacy practice presents a
transformative outlook for healthcare delivery. Through
the continuous advancements in Al algorithms, machine
learning, and data analytics, pharmacists will gain access to
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extraordinary tools and resources that will enhance medication
management, treatment optimization, and patient outcomes.
Personalized medicine will be a reality, as Al algorithms analyze
patient-specific data to customize treatment plans and predict
individual responses to medications. Al-driven systems will
efficiently organize pharmacy workflows, automating repetitive
tasks and freeing up pharmacists’ time for patient care and
counseling. Furthermore, Al-enabled systems will significantly
enhance medication safety by identifying potential drug
interactions, adverse effects, and medication errors. However,
to fully utilize the potential of Al integration in pharmacy,
important challenges such as ethical considerations, data
privacy, and ongoing training and education for pharmacists
need to be addressed. While Al technology has the potential
to enhance efficiency, it cannot replace the indispensable
role of pharmacists in providing sympathy and empathy to
patients, and limited pharmacist-patient interaction due to the
integration of such technologies may raise concerns among
patients, emphasizing the ongoing importance of maintaining
human connection and trust in healthcare services. The future
of Al in pharmacy holds immense promise in transforming
healthcare delivery and elevating patient care to unprecedented
levels, provided that the challenges are effectively managed,
and the human touch is preserved. Lastly, it is important to
explore pharmacists’ and patient perspectives and experiences
with Al-based pharmacy services to address concerns, enhance
patient satisfaction, and promote engagement with these

technologies.
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