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Abstract

It has been widely reported that a large number of patients die from cases of errors in the issuing of
medication prescriptions. These cases occur due to a wide range of things, but the common denominator in
all of the cases is humans. A hospital pharmacy has a very critical task, especially with growing patient
numbers. The increasing number of prescriptions needed to be filled daily reduces the amount of time that
the staff can use to focus on each individual prescription, which may increase the human error ratio. The
need for robotic-assisted pharmacies is arising from here to distribute drugs to eradicate or substantially
reduce human error. The pharmacy robot is one of the most significant technologies that play a prominent
role in the advancement of hospital pharmacy systems. The purpose of this review paper is to cover the
pharmacy robot concept and the published literature reporting on pharmacy robot technology as one of the
most important applications of artificial intelligence (AI) in pharmacology. Although the outcomes of the
impact of the pharmacy robot have been increasingly beneficial in overall improvement, staff morale, and
functionality of pharmacies, there are still mechanical errors occurring. The errors, in turn, require human
intervention. The key takeaway from this study is that robots or machines cannot replace human duties in
their entirety. This in turn means that those human interventions will have an impact on the workflow and
throughput.
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Introduction And Background
Introduction

The aim of a hospital pharmacy is to provide patients with the prescribed medication when the medication is
scheduled according to the professional’s instructions. However, this is not an easy task, especially with
growing patient numbers. Although patient safety and care are the ultimate and possibly only priorities, the
impact of human error in the process of issuing medication to patients can be, at times, deadly. These errors
occur in various ways, such as the incorrect dosage being issued or the medication not being issued at the
correct time. Nonetheless, all of these can and do have serious consequences. In addition, this is a major
logistical concern as the pharmacy delivers drugs by various dispensing methods and delivery routes to all
the hospital units [1,2].

There are many different types of technologies available inside a hospital pharmacy framework that work to
enhance patient safety by reducing prescription mistakes and missing drugs. The pharmacy robot is one of
the most significant technologies that play a prominent role in the advancement of hospital pharmacy
systems [1-5]. The pharmacy robot is almost flawless in medication administration, and the correct
algorithm allows the application of the five rights as published in a study [6]. These rights refer to the only
way to avoid errors by ensuring the correct patient received the correct medication and dosage in the correct
administration at the correct time.

Using robots ensures a considerable decrease in the time, costs, and production of overall waste in
pharmaceutics and other biological research fields [2,7]. The time needed to prepare the prescription is also
one of the significant advantages of using robotic technologies [7]. Besides, robotics reduces the percentage
of medication errors [8].

Even though robots can provide unattended operations for the handling of pharmaceutics, they need the
attention of an operator as machine errors still occur, albeit rarely. Thus, a large concern is that artificial
intelligence (AI) will displace humans in their duties, and although there are ethical questions when
implementing Al in the healthcare sector, it is inevitable that human intervention will continue. These
human interventions do, however, affect both the workflow and throughput. Human intervention could take
the form of an operator who needs to direct, load, or unload products. Mechanical issues, defined as errors
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within the system, continue to occur, which then require intervention from an operator. Mechanical errors
were recorded as varying problems, such as material problems, which included vials or fluid bags not falling
within the weight parameters, misshapen needles, or the inability for the robot to successively grip or hold a
vial due to manufacturing defaults in the assembly of the robot. Other errors occurred due to manufacturing
changes whereby measurements of syringes or other items were incorrect. Barcode and vial recognition
failures were also reported, and this is due to the limitations of the robot's being able to overcome multiple
simultaneous versions of a task. All of these errors required the intervention of the pharmacist or technician
in order to verify necessary data, adjust parameters, or repair manufactured defaults [9]. The purpose of this
article is to review pharmacy robot technology as one of the most important applications of Al in pharmacy.

Background

What Are Artificial Intelligence and Pharmacology?

In simple terms, Al is the ability of a system, mostly computers, to act intelligently and therefore perform
tasks that would normally require human intervention. There are many things that power these systems;
they can be simple things like rules, machine learning, or even deep learning [10]. Pharmacology refers to
the chemicals used in the treatment of illness and disease [11].

What Is a Robot?

According to various sources of literature, a robot is considered an intelligent agent, either virtually or
mechanically. This agent can then carry out tasks either under the supervision of guidance, typically via
remote control, or automatically. An automaton, which is the common name for an autonomous robot,
refers to a robot that can undertake various tasks in environments that are either structured or not. The
robot is able to perform these tasks without human supervision. Robotics has seen substantial advances over
the past years leading to its increased applications in numerous real-world complications including
automated industrial manufacturing, healthcare and medical robots, and self-driving vehicles [12]. Today’s
society has seen the use of these robots across various applications, fields, and sectors. Examples include the
transportation, medical, military, and banking sectors, to name a few. Relevant to this study is the use of
robots within the pharmaceutical sector; these robots that are usually functioning autonomously can be
programmed and configured in order to make the distribution of prescription drugs more effective and
efficient, therefore reducing the need for human intervention and, in turn, reducing the risk of human error
[13].

Robots make use of map-making algorithms in order to create a map of their environment. These

algorithms allow the robot to have an accurate display of its environment, which is essential for the
effectiveness of the application. These maps are used in the same way that humans use maps. The robots use
the maps for guidance to “see” their environment. The accuracy of these maps is important as it forms the
basis of the practical applications needed to be carried out by the robots [13].

As with all technology, the aim of this kind of technology is to ensure effective, efficient, and accurate
application within the setting. This in turn means that the pharmacy robot will be able to take the art of
traditional medical dispensing into the next era. The benefits of this particular application include increased
productivity; a medical dispensing fault-free environment; pharmaceutical operations that are effective,
safe, and secure; shortened patient "waiting period,” and a germ-free and safe environment [14].

Pharmacy Robot's System Architecture

For efficiency, the best fit across multiple areas is usually custom. From the view of the system architecture,
each application, robot, or system is custom designed and built based on the needs and functions of the
system. All aspects involved within the application are carefully considered when an automation system is
built. In this section, in order to understand the system architecture, we will explain in detail the pharmacy
robot system architecture by giving an example of a pharmacy robot that was introduced by some authors
[13]. As we see in Figure I, the robot communicates autonomously and directly with a physician, assistant,
or intermediary. The robot then scans the inventory of stock in order to assess the availability of the
prescribed medication. When the prescribed medication is available, the robot will fill the container with the
medication and store the filled container. This is all done by the robot referencing and interacting with its
environment using the internal map created with the map-making algorithm. The specific robot in this
article makes use of simultaneous localization and mapping (SLAM). When the patient or representative
arrives to collect the prescription, the robot will validate the identity of the individual receiving it. The
patient or representative then presents the prescription, and the robot will then issue the prepared
medication over to the patient. As mentioned above, this specific robot makes use of Al and SLAM in order
to interact with a variety of things. Not only does SLAM allow the robot to have a clear and accurate map of
its surroundings, but it also allows the robot to update the map when needed, keeping an accurate and
updated “vision” of the current locations of inventory [13].
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Robot Interaction Architecture

Doctor Pills / Bottles

1.~ 1k o

Online Inventory of Drugs Client

FIGURE 1: General robot interactions

Figure 2 illustrates the physical architecture of the pharmacy area; this is often referred to as an
embodiment. Multiple customers may enter and choose an available room. These rooms are individually
secure as they can be locked from within [13]. Over and above this, the vault, which is the store for a variety
of medications and dispensers, can be controlled according to specific requirements, such as light and
temperature. This allows for the control and reduction of the deterioration of various medicines that require
refrigeration, etc. This setup allows the servicing of multiple people at one time [13].

1. Medication
storage dispensers 1] 3. Small rooms that
: - have doors that can
that store various 9
medication \3 be locked for
0 security .
] O ~~-y Customers enter
n the rooms, securely
N " | lock the doors, and
3 O then give their ID
a and prescription to
2. Dark Vault that j the robots thl'Ough
robots can move = Q\ a small opening,
around in but o Bl
human cannot see 3/ ™~ 4. Automated Robots.
though. r] O““-~—~—~>

FIGURE 2: Architecture of the pharmacy area

2022 Alahmari et al. Cureus 14(8): €28642. DOI 10.7759/cureus.28642 3of12


https://assets.cureus.com/uploads/figure/file/399450/lightbox_d7f340e0288811edaf343d4c71ecf53e-article_river_36e25af0f45e11eca51feba9664a57e6-figg2.png
https://assets.cureus.com/uploads/figure/file/399451/lightbox_b12c5e10f46211ecbfeebfdef49db178-Layer-1-5-.png

Cureus

Figure 3 is to clarify the interactions between the robot and medical staff such as doctors or assistants like
nurses [13]. The patient is consulted and examined by a doctor. The patient is then issued a prescription
from the doctor. This prescription will contain an authentication mark (barcode, signature, etc.) [13].

Robot - Doctor Interaction

After meeting with patient, the

Doctor gives the patient a
prescription with a specific

harcode and his signature.

\

Doctor entersinformation Robot checks online drug Robot informs the Doctor
(Drug name, quantity, barcode, . | inventory to checkif drug IF NO_ and requests the
client name) ontoa database "1 and quantity requested "I Pharmacytoorder the
after registering his practice. are available. drug.

IFYES
Robot uses SLAM to find
location of the drugand
fills up a bottle with given
quantity. Then, attaches
bar code to hottle and
storesit.

FIGURE 3: Robot's interactions with medical professionals

Figure 4 clarifies the interactions between the robot and clients or patients [13]. If the prescribed medication
is in stock, the robot authenticates the prescription by accessing the patient’s file on the network [13].
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Robot - Client Interaction

Client arrives at pharmacy and gives
Robot the prescription. Robot scans the
barcodeto seeif it is a valid prescription

Fiwvaup|  Robot reportsto
mely - pharmacy and sends the

and the online database. Shcliatal
IF VALID
Client gives Robot form of legal Robot reportsto
identification (driver's license, biometric IFNG
: el pharmacy and sends the
ID, etc). Robot matches photo with person dient awa
and name with the one on database. ¥
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Robot retrieves the bottle with the
prescription that matches the barcode
and givesit to the client,

FIGURE 4: Robot's interactions with clients

The retrieval and storage of functions of the robot could be as follows in the sequence as shown in Figure 5
[13].
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Robot Storage and Retrieval Architecture

When the drug requested by the Doctor is available:

Robot has inbuilt map that locates the differentdrug
dispensers throughout the room.

}

Robot finds shortest distance to the location of the drug
using SLAM and avoiding other obstacles.

}

When arriving at the location of the drug, the Robot uses
an armto dispense a certain amount of pills in a bottle.

}

Robot attaches barcode that was sent by the doctor onto
the bottle and storesiit.

When the client arrives with prescription and the barcode is scanned:

Robot finds shortest distance to storage area using SLAM
and finds the bottle that matches the barcode.

}

Retrieves the pill bottle using its arm and gives it to the
client through a window or via an ATM.

FIGURE 5: Architecture of retrieval and storage by the robot

Patients are verified and validated using their biometrics on file. Once complete, the patients can access
their medication as shown in Figure 6 [13].
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FIGURE 6: Robot security architecture and biometric identification

Review

The objective of the current review paper is to cover the published literature reporting on pharmacy robot
technology as one of the most important applications of Al in pharmacology. The exploratory search process
covered the most relevant organizations in the pharmacology community. The search was conducted using
the IEEE Computer Society Digital Library, Association for Computing Machinery (ACM) Digital Library,
ScienceDirect, SpringerLink, and Google Scholar. These search engines cover the majority of published
pharmacology studies as of April 20, 2020. These search results were screened and filtered to include studies
of any design, which reported an outcome measure of interest that was related to the technology of the
robot pharmacy. Publications in English that were published in 2010 to date were included. The title,
abstract, and full publications were used to identify citations of interest. Once the full review of the
publications was completed, several eligible publications were selected for inclusion in our review.

Why a pharmacy robot?

According to www.youhaverights.com, in the United States, it is estimated that 30 million pharmacy errors
occur annually. An estimated 7,000 patients die from these cases of errors and thousands of severe
complications each year. These errors occur due to the misinterpretation of the prescription by the
pharmacist with regard to medication name or dosage, to name a few. The reasons for the occurrence of
these errors usually seem to stem from the overworked pharmacy employees. These employees operate
under extreme pressure and have ever-increasing workloads. The increasing number of prescriptions needed
to be filled daily reduces the amount of time that the staff can use to focus on each individual prescription.
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The most common pharmacy errors are incorrect dispensing of medications, incorrect dosage being
administered due to the failure of staff to instruct consumers on specific medication usage, and incorrect
delivery and preparation of IV (intravenous) drugs to patients in hospitals [15].

So, the need for robotic-assisted pharmacies arises from here to distribute drugs to eradicate or substantially
reduce human error. The advantages of robotics in pharmacy are to improve and add to the current patient
care and therefore increase revenue, improvement in the overall functionality and operation of pharmacies,
and effective management and storage of medication as well as patient data. Overall enhanced productivity
leads to increased dispensing speed and, therefore, decreased patient waiting time. It allows for the
decentralizing of pharmacy services and the evolution of ward-based medicine management. This allows the
elimination or significant decrease in the number of errors and contamination. Therefore, using barcoding
and photo verification increases patient safety and decreases the risk of litigation. This improves dispensing
efficiency and enables the re-engineering of pharmaceutical services, which leads to maximum utilization of
space in hospital pharmacy departments [16-18]. The use of Al is an improvement of the traditional
pharmaceutical dispensing system. Although we have seen the evident improvement and efficiency that
technology adds to various systems, such as the reduction or absence of human error, as with anything that
is not perfect and has been created by man, it would be unwise to not take into account the disadvantages
that technology presents. These disadvantages include the following: computer literacy and staff
competencies may impact their ability to manage or program the dispensing robot. This could lead to
extensive input of training over a significant period of time. The dispensing robot requires accurate
programming as incorrect programming may lead to errors. As with most technology, there are sizable
startup costs, maintenance costs as well as the need for continuous software updates. It is well known that
with the evolution of technology, systems can be considered out of date quite quickly, which will then
require updating. Although robots will bring increased and improved efficiency and productivity, the
redundancy of pharmacists will never occur. Where there is a limited pharmacist and patient interaction, it
might make patients reluctant to use the service. These dispensing robots rely on computer programs that
can fail at any time. The maintenance and upgrade of software as well as the connection of the dispensing
robot to the pharmacy’s system could be timely and will require meticulous detail in order to avoid any
repercussions and errors.

Examples of pharmacy robot

The following are some of the most widely known unit dose drug automation systems in the world. These are
Pyxis and Rowa Speedcase automation systems. Their advantages and disadvantages can be summarized as
follows in Table 7 [1,19,20].

Name of )
References Year Advantages Disadvantages
Robot
Workload moved from the pharmacy to the  Unable to track lots as a unit dose. Mistakes could occur
clinic floors. Fingerprint verification ensures  as a result of reinstalling the returned medication. The
Pyxis that only authorized individuals have inability of checking the expiration dates of the same
[19,20] automation 2019 access to the medicine. Allows keeping medications in the same drawer. Issues with data
system track of stock. Receives all drug-related transmission. Barcode verification of tablet medications
reports. Ensures that the proper medicine is is performed only at the bedside. The inability of
available at the right moment. preventing medication mistakes completely.
R Decreased department costs, medication
owa
mistakes, and patient drug distribution This technology is unable to package unit doses and
[1] Speedcase 2008 ) - ) L .
t times. Improved service efficiency. Stock deliver medications to the clinic.
system

control is relatively easy.

TABLE 1: Some examples of pharmacy robots

A comparison between robot pharmacies and traditional pharmacies

Pharmacy robots are mechanical devices that conduct planned, sophisticated, and repetitive manipulations
that mimic human behavior without continual input from a human. As part of their treatment, the majority
of patients require medication. Various technology-based solutions, such as computerized physician order
entry (CPOE) and patient barcoding (BC) systems, have been implemented in hospitals to increase patient
safety. According to current evidence, documenting, dispensing, and giving drugs to patients are all high-
risk steps in taking medicine [21].

Automated methods have been introduced in many pharmaceutical distribution systems to address the risks
of manual dispensing and administration systems. In addition, there is a lot of pressure to cut expenditures
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and reallocate time from manual distribution. Putting these resources toward greater clinical work has been
a success. New methods and procedures must be developed to reduce patient wait times, provide drug
therapy information to physicians and pharmacists, and increase productivity by automating administrative
tasks [22].

van Doormaal et al. reported that manual medication evaluation revealed 57 pharmaceutical overdose errors
and 143 therapeutic errors, 46 of which were drug-drug interactions. A total of 297 safety alerts regarding
overdose and 365 safety alerts involving drug-drug interactions were generated using CPOE and basic
clinical decision support systems. The clinical rules yielded 313 safety alerts, accounting for 39% of all
overdoses and treatment mistakes discovered in the manual assessment. The patients in 23% of the
warnings generated by a clinical rule required a medication adjustment, as indicated by the manual
evaluation [23].

Amodeo et al. reported that the median error detected during reconstitution, dilution, and final therapy of
medications made by the L.V. Station® was less than 5%, with narrower error ranges than drugs prepared
manually. Unlike the manual technique, the I.V. Station® consumed fewer materials, lowered expenses, cut
preparation time, and streamlined the medicine process as the number of preparations increased [24]. Table
2 shows a comparison between robot pharmacies and traditional pharmacies.
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Robot
pharmacies

Traditional
pharmacies

Advantages

Robot pharmacies can help with medicine organization, expiration date
monitoring, and prescription preparation. Stock control and replacement
orders are automated, which saves time for technicians. Finally, the
likelihood of drug errors is reduced. The central hospital pharmacy and the
ward can employ these automated systems for decentralized dispensing.
These systems simplify drug dispensation by the nurse on the ward and
improve drug storage until the patient requires it. As a result, there is a
decreased likelihood of medication errors, better drug usage, and less time
spent by nurses and pharmacists, which may be redeployed to patient
care [25]. To assure accuracy, robotic dispensing devices can count pills
and bottles, label prescription vials, store hundreds of drugs, and access
patient data. Moreover, they act similarly to vending machines in that they
may dispense medications to patients based on their prescriptions. This
may encourage more frequent monitoring, which can help with drug
tapering and medication misuse prevention [26]. Pharmacy automation
technologies assist pharmacists in avoiding mistakes and contamination.
Robotic systems keep each different drug in separate cells to prevent
cross-contamination. Many automation systems have a picture verification
capability that digitally records each pill it fills, which increases the patient's
safety while minimizing the risk of liability for pharmacies. Moreover, the
patient's demands are met faster, boosting their satisfaction [27]. Robotic
dispensing machines protect patients by reducing the likelihood of human
error. Moreover, these systems are now capable of handling huge daily
prescriptions. Most robotic systems incorporate several protections to
ensure that the correct medication is administered to the right patient at the
precise dosage every time [28].

Pharmacists talk to patients, educate them about their drugs, and detect
drug-drug interactions and food-drug interactions. Additionally, they answer
patients' questions to improve the quality of their lives and provide primary
preventative care, such as vaccines and health screenings [31,32].
Pharmacists are progressively becoming integral members of the
caregiving team, fostering greater collaboration in modern healthcare than
ever before. Each day, pharmacists are required to perform clinical and
preventative care functions in addition to the typical dispensing activities.
Physicians increasingly depend on pharmacists to achieve a more clinical
role along the caregiving continuum [33].

Disadvantages

The disadvantages of robotic pharmacy include
high initial costs, mainly due to required facility
improvements. Because robotic pharmacy
technologies are expensive, the losers of this
technology are the employees who lose their
jobs to balance the expense of the system [29].
Robotic pharmacies can eliminate human
errors; it is crucial to remember that machines
make mistakes. Aside from the cost, robotic
pharmacies need solutions for items like blood
derivatives, flammables, and cytotoxic
medications. Considering the substantial
capital investment necessary, these limitations
make robotic pharmacists an undesirable
alternative for many health services [30].
Automated dispensing machines are controlled
by computer programs that can fail
unexpectedly. Updating the software and
connecting the unit to the pharmacy's own
record management system can take time and
should be done carefully to avoid future
failures. Additionally, robotic pharmacies can
be costly; they entail significant startup and
maintenance costs, and some computer
software requires continuous upgrades. As a
result, hefty payments are required each time
the product is updated [21].

Errors in medications dispensed happen
because of look-alike or sound-alike
medications, interruptions, occupational
stressors, and complex

prescriptions [34]. However, heavy workloads,
insufficient staffing, and employee stress have
been linked to dispensing errors [35]. The
pharmacist had to hand count, fill, cap, and
label patients' prescriptions, which took a
lengthy time. This resulted in pharmacists
having significantly less time to devote to
patient service and clinical obligations as
members of the caregiving team. Additionally,
this repetitious process performed manually
posed a risk to patient safety. Regardless of
how vigilant and safety-concerned pharmacy
personnel are, medication-dispensing errors
continue to be a problem [36,37].

TABLE 2: A comparison between robot pharmacies and traditional pharmacies

Obstacle avoidance by hospital ward inspection robots in a complex

environment

Laser radars, vision modules, ultrasonic radars, and infrared radars are the principal sensors used to identify
obstructions. There are two types of laser radar: 2D and 3D laser radars. Because of the narrow detection
range of infrared radars, they have little value for warning ahead of time. Similarly, ultrasonic radars have
little use for warning ahead of time due to ultrasonic reflection and poor orientation performance [38].

Detection of Obstacles

With the laser sensor carried on its own body, the robot identifies dynamic and static impediments and
establishes the laser sensor's detection model. Using a multilayer perception strategy based on the potential
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field exclusion approach, the robot judges the obstacle's perception layer in terms of different distances
between the robot and the obstruction and then pushes itself to execute different mobility strategies. The
design of the threshold value between each layer is dependent on the robot's running speed, deceleration,
acceleration, the current electric amount of power, and the corridor's size [39,40].

Conclusions

Al applications have left visible marks in many different fields. With robots, hospital pharmacies will
increase their performance, increase prescription filling levels, improve counting accuracy, minimize drug
errors, increase safety, ensure adherence to patient doses, automate their supply chains, and avoid delays in
supplies and stock outages. Besides, robots can also help them minimize costs as they do not need to hire
additional staff to support the extra load at peak times. The advantages are apparent, but what this means
for humans and their sustainability is a concern. If robots are able to perform better, there will be no need
for humans, and large-scale unemployment could occur. The famous late Stephen Hawking said, “This may
mean the end of the human race." It would therefore be essential to create AI to work with humans rather
than independently. AI can ensure accuracy within the parameters of the task, and humans will be able to
have a broader reach when making decisions. Clinical decisions can be improved with Al and thus drive
further research. The important goals of our future research will be to cover more studies related to
pharmacy robots and medication dispensing technologies. We are also interested in comparing the studies
with analysis and critical evaluation. It would be interesting to see how smart hospitals embrace this growing
trend in the future.
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