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Abstract
The use of automated devices has drawn considerable attention and 

emerges as a solid technique to upkeep the logistics as well as wholesale 
industries, and has been familiar in these areas for count-less years. Glo-
bally, countries have struggled to meet rising healthcare demands due to 
ageing populations and a declining dependency ratio. According to a re-
cent poll, pharmacists still spend more than 60% of their time dispensing 
tasks that technicians or automated systems might handle. In this aspect, 
several steps have been taken, and out of this, one revolutionary step 
is the enactment of an automated robotic prescription-filling method in 
community pharmacy. As automation technology improved, more phar-
macies throughout the world began automating their medicine distribu-
tion and supply procedures. Indeed, one of the critical elements driving a 
transition in pharmacy practice from primarily technical dispensing tasks 
to patient care services is automation. Automation helps the dispens-
ing process by taking over the time-consuming, labour-intensive chores 
that are frequent in pharmacies. As a result, automated technology has 
the potential to allow pharmacists to execute patient-related activities 
at higher levels. There are some primary areas where pharmacy auto-
mation has impacted to development of the most acceptable practice-
reduction in dispensing error, dispensing process efficiency, use of space 
in the pharmacy. While automated prescription-filling devices can boost 
efficiency, workflow interruptions and workarounds may disprove that ef-
ficiency. Evaluating changes in workflow and sequencing of duties that 
may result from the use of automation can improve the uncover oppor-
tunities for workflow policy and method redesign. The review aims to dis-
cover variations in time use and job fulfilment of community pharmacy 
staff as a function of pharmacy automation. The review also highlighted 
the brief history of implementation of automation systems in the EU and 
the USA. This review summarises the effectiveness of these systems on 
improving medication safety, workflow productivity, healthcare profes-
sionals’ perceptions and patient satisfaction.
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Introduction

Interpersonal communication and interaction studies among 
healthcare experts and patients have been focused on for last 
three decades. Besides verbal and nonverbal communication, 
the time used with the patient or the communication length 
is a relevant indicator of patient interaction quality [1]. For in-
stance, in medical care, longer interactions have been displayed 
to increase patient participation and satisfaction, information 
exchange, relationship building, and better health outcomes. 
In primary care consultations from six European countries, the 
mean time spent with patients varied from 8 to 15 minutes 
(changing patients’ age and gender), linking elderly and female 
patients with more extended interviews. In Portugal, one study 
found an average of 14.4 min per interview in common and 
family practice [2].

There is a problem in community pharmacies that one can 
understand as the following.

One of the out-dated primary tasks for most drug special-
ists is making the right medications accessible to right patients 
and at the right time carries the capacity for direct interventions 
that improve patient results. Yet mechanics of medication dis-
pensing are reserved, perplexing, and almost unrealistic to per-
form without error. However, the appropriate solution to mini-
mise the error for pharmacy is the automation technique [3].

The apportioning robots not the slightest bit get exhausted, 
never get diverted, and make far less mistakes than their hu-
man partners. Also, the ever-shrinking prescription margins 
and dispensing robots free up pharmacy specialists and techni-
cians for more beneficial clinical administrations that entail hu-
man judgment. Tom Gierwatoski introduced a ScriptPro robot 
for dispensing at his Platte Valley Pharmacy at Brighton, CO, in 
2016.Automation allowed him to increase prescription volume 
by 50%, make space forexpanding compounding, and grow 
non-prescription service areas like diabetic shoe fitting and du-
rable medical equipment while reducing his staff to half of the 
existing number [4,5].

The automated devices like robots were developed to sup-
port the logistics and retail sectors and have become common 
in these areas for a considerable length of years. Conversely, the 
acceptance of these tools for assisting pharmacy services has 
been a comparatively fresh expansion. The increasing dispens-
ing workloads, the drivers for pharmacies automation over the 
last 20 years, bring about attaining cost-efficiencies in the health 
amenities and a higher emphasis on patient safety in the latest 
years. In recent years, some US hospitals have utilised pharma-
cy robots since the mid-1990s. The unit-dose dispensing, and 
to make each unit within a budget in insurance-based health 
care, are further encouraging to the engagement of robots. 
Conversely, UK hospitals did not usually implement robots till 
some more years later. In the UK in2001, “A Spoonful of Sugar”, 
an inspection commission’s report for medicine management 
in NHS hospital, looked at medicines organisation in hospitals 
and supported the “re-engineering” of processes in a pharmacy 
store to improve efficacy. The report emphasized pharmacy au-
tomation’s prospective to lessen dispensing errors and make 
the staff available for near-patient clinical activities [6], which 
initiated the quick acceptance of automation in UK hospital 
pharmacies in the earlier twenty-first century. Still, community 
pharmacies have less broadly adopted automation despite of 
some benefits. However, this state of affairs may adjust with the 
occurrence of community pharmacies with greater prescription 

handling, the growing importance of patient-focused pharmacy 
services, and the endorsement of unit-dose robots for home 
dispensing. The ward level pharmacy automation – for exam-
ple, automated dispensing cabinets – can reduce medicine ad-
ministration errors and help modifications in typical pharmacy 
practices. Ward pharmacy automation has not yet been broadly 
accepted in the UK; however, it is an area of huge potential. 
Remote dispensing, by means of remotely-operated kiosks, can 
expand the accessibility of a pharmacy facility with regard to 
scheduling, location and defend accurate dispensing. However, 
the use of such devices is limited in the UK owing to statute sad 
joining the regulation of pharmacies. Furthermore, there are 
several ways out to accomplish specific dispensing, for example, 
the methadone dispensing to registered drug misuses [7].

The review aims to discover variations in time use and job 
fulfilment of community pharmacy staff as a function of phar-
macy automation. The review also highlighted the brief history 
of implementation of automation systems in the EU and the 
USA. This review summarises the effectiveness of these systems 
on improving medication safety, workflow productivity, health-
care professionals’ perceptions and patient satisfaction.

History and development of automation in community 
pharmacy

Throughout the years, pharmacists have adopted multiple 
technologies to automate and rationalize drug-dispensing. 
The introduction of electronic tablet counters, such as devices 
based on optical light-beam technology, in the 1970s allowed 
to dispense large numbers of tablets which became universal 
during the 1980s [8,9]. The commencement of computer in the 
1980s for labelling and stock control in pharmacies profoundly 
affected hospital pharmacies’ operational and strategic man-
agement. EU and the US, adopting insurance-based healthcare, 
have well-known original pack drug dispensing system. Unit 
dose dispensing and patient pack enable the practice of auto-
mated systems for various dispensing operations for the reason 
of eliminating wholesale dispensing of loose capsules and tab-
lets, and an automated system can regulate stock on a pack by 
pack system or dose by dose system instead of having to keep 
a composite database of pack details for each item [10].Ear-
lier, the UK hospitals did not adopt the automated dispensing 
systems since these have predictably had a mixed dispensing 
profile, with bulk dispensing, particularly of high-volume medi-
cines and the producer’s original packs (of variable measures) 
for others. However, with the establishment of European Com-
munity Directive 92/97 as law in 1999, the UK has gradually 
moved in the direction of original pack dispensing. The adop-
tion of original pack dispensing has facilitated consistency in 
prescribing and pack quantities in the UK, and automated drug 
dispensing systems were become a workable possibility in UK 
hospital pharmacies [11].

Right business, right robot

Unluckily, no one size fits all automation system that requires 
different ideas. Every producersees automation from a differ-
ent outlook with diverse practices in mind. Gierwatoski made 
ScriptPro after consulting other pharmacists and spending time 
with varying automation makers at pharmacy conferences. Ac-
cording to Kurt Proctor, senior VP of strategic initiatives for the 
NCPA and President of NCPA Innovation Centre, the selection of 
the precise system can be tough for anexplicit pharmacy. How-
ever, there are available suitable systems for most pharmacies. 
Proctor presumed the over extension of automation and use of 
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more robotics than required in the business [12]. But bringing 
the right automation into pharmacy, there is no actual down-
side. Script volume is merely a part of the scene while selecting 
a dispensing robot. The indigenous labour condition is equally 
important. In tight labour situation, a robot might be the best 
option. Various sites are available where robot might not be es-
sential depending on other aspects but have trouble receiving 
dependable technicians [13].

Design and manoeuvre of pharmacy robot

There are numerous diverse producers of pharmacy robots 
in the US and the Europe. There are a number of providers in 
the US, the most popular are Kirby Lester and McKesson. The 
former introduced tablet-counting tools in the 1980s while the 
later extensively introduced healthcare [14,15]. In Europe, ARX 
Ltd, Robopharma, Willach supplies pharmacy robots. Several 
other suppliers, Mach 4 Pharma Systems Ltd (formerly Wesfalia 
Systems), have their functioning spots in the UK NHS, including 
the East Cheshire Hospital and the Royal Brompton Hospital at 
Maccles field. Whiston Hospital, Merseyside, UK implemented 
Robopharma [16]. Willach Pharmacy Solutions have success-
fully installed robots into several UK community pharmacies 
and two other UK sites, but are no longer available for future. 
Charing Cross Hospital at London and Royal Liverpool, and 
Broadgreen installed The Swisslog Packpicker software [17]. The 
Baxter Consis system has five installations at various hospitals. 
The specialized activity of drug store robots has been examined 
exhaustively by Swanson. The ARX Rowa Speedcase, the ARX 
top product installed in numerous UK hospitals, has a picking 
head arranged on a track between these two parallel arrange-
ments of vertical racking [18]. The Speed case may be mounted 
as a distinct unit, however several hospitals picked tandem in-
stallation to augment picking speed and to get the support from 
one picking head in case the other fails [19]. ARX developed 
a fridge and precise drugs storing devices for the Speed case 
to improve the fraction of dispensary stock that the robot can 
store. The inventors individually validated the performance of 
the Rowa cold storage units. They stored the inventory random-
ly in the system, where the software allocates the inventory to 
a arbitrary location within the device. The earlier implementa-
tions of the Speed case needed manual and semi-automated 
loading of stock. Before placing the items on an input conveyor 
belt, it effectively scans the barcode of each pack and measures 
the pack dimensions to verify “pack identification” and assign 
shelf space. Rowa consequently produced an automatic loading 
module (the Pro-Logic, or Pro-log); one can drain the items into 
a hopper. The loading process can occur while the device is un-
supervised and thus be worked with overnight. Rowa also pro-
vides collective random admittance and channel modes as well 
as multiple pack supply function. These growths in the supply 
capacity are at the cost of in-line labelling. Rowa has established 
the Robodose, a pouch-based unit-dose dispensing system also 
which may offer an alternative to Monitored Dosage System 
(MDS) based dispensing in the future. The newest ARX system is 
the Vmax having a V-shaped picking head that permits multiple 
pack picking and, hence, more productivity. Like other robots, 
Vmax units can be used simultaneously. The system can shift 
up to nine packs on the picking head, and each unit can handle 
2,400 packs per hour [20].

Mach 4 Pharma Systems yield two automated dispensing 
systems i.e. the Medimat system and the Speedbox system. The 
Medimat system, which functions like the Speedcase (random 
packing and semi-automatic loading), is suitable for low to me-

dium volume dispensing. It can be installed as a multiple-unit, 
the Multi-Medimat. The Speedbox is a channel device and is 
ideal for dispensing huge-turnover items. Mach 4 offers a solu-
tion whereby both systems can be fitted as a combined unit to 
handle a dispensing data range [21]. In this situation, the Medi-
mat offers a semi-automatic load and Speedbox unit, but the 
two devices autonomously perform picking operations. More-
over, Mach 4markets an automatic loading unit consisting of 
the Fill-In Box, the Uni dose and a unit dose device. In Europe, 
the Swisslog Packpicker is in common use. The Packpicker is 
having a honeycomb design, with dissimilar cell sizes, to accom-
modate two or more storage modules for dispensing different 
sized packs. This system can thus take care of an extensive vari-
ety of pack sizes. This system allows random storage and semi-
automatic loading with the barcode and product dimensions 
being scanned, shelf space is assigned before the product. The 
Baxter Consis system has considerably dissimilar operation than 
the Packpicker and Speedcase where there is manual loading of 
stock into the programmed, gravity-fed channels. The picking 
head picks a pack from the lower end of the channel. A Consis 
may have three variants of picking head i.e. a single or multiple 
picking heads or an amalgamation of the two modalities. The 
Consis offered a far more storage density (around 3300 packs/
m2) over the earlier random storage devices with a compara-
tively minor floor area. The Consis also has software to check 
accuracy at the end of the dispensing, checking the delivered 
product in contradiction of the label created by the system [22].

Pharmacy automation in the UK

In 2000, St Thomas’ Hospital, London, fitted an ARX ROWA 
Speedcase device at their pharmacy. However, this robot could 
not dispense a significant number of products because of its 
limited storage capacity of only 150-250 products. Still, the use 
of this device decreased the storage space in the dispensary. It 
made the space free for counselling to allow the pharmacy for a 
more patient-centred service.

In 1999, the Wirral Hospitals NHS Trust formed a business 
case for introducing an automated drug dispensing device. The 
anticipated profits were relocation of pharmacy staff to the 
wards and a likely decrease in dispensing errors. In 2001, the 
Wirral Hospitals selected an ARX Rowa Speedcase system that 
held 8000 substances (80% of the total stock) and interfaced 
with the JAC pharmacy system. The system still had manual load-
ing as well as labelling. In 2003, automated dispensing systems 
entered many hospitals [23]. The Royal Wolverhampton Hospi-
tal installed a Baxter Consis system with two picking heads, one 
for single items and the other for multiple ones, storing 11,000 
items in the device. At the point of go-live, in the Consis sys-
tem, it could not store controlled drugs. A Swisslog Packpicker 
is installed by Broadgreen and Royal Liverpool Hospitals, with 
five picking and labelling stations, dealing with 1200 high usage 
product lines. However, at that time, the system could not han-
dle fridge items, CDs or items larger than 300 ml. The robot in-
stallation allowed the dispensing process to be reconstructed to 
upkeep clinical services. In 2003, the Whittington Hospital and 
the Royal Free Hospital installed ARX Rowa Speedcase appara-
tus, and Charing Cross Hospital installed a Swisslog Packpicker. 
The West Wales Hospital, Camar then, Wales, also installed the 
first automated dispensing system simultaneously. They used 
the device for dispensing and ward box filling, and also, it can 
provide remote out-of-hours supplies by on-call pharmacists, an 
significant advantage in a rural area. Robots have also allowed 
off-site centralised medicine supply. NHS Greater Glasgow and 
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Clyde set up robots at their regional drug supply centre, which 
substituted 14 pharmacy stores in Glasgow, allowing centralised 
drug distribution to wards and to homecare patients directly. 
The centre grips 12 day’s drug stock and dispenses to 4,500 
destinations per week. 96% of deliveries were correct for the 
first time. Shortages of medicines and supply difficulties consist 
of nearly 4%, while there may be infrequent mistakes with the 
robots. The robotic distribution centre has permitted staff to be 
redistributed in ward-based clinical pharmacy teams [24].

Drivers for the use of automation in pharmacy

“A Spoonful of Sugar”, a review of medicine used in NHS hos-
pitals, published in 2001 by the Audit Commission, concluded 
that medicine use is not always optimised, resulting in lower 
quality and higher expenditures. The report emphasised the 
significance of both original pack dispensing and the usage of 
automation robots to make highest patient safety and release 
pharmacy staff to achieve patient-centred services in pharmacy. 

This was a significant stimulus for the acceptance of robots 
in the field of pharmacy in the UK. The publication of this report 
caused many hospitals in the UK to establish a business case for 
executing an automated dispensing system for their dispensa-
ries. An additional important driver for pharmacy automation 
has been the use of Lean methodology to rationalize the pro-
cesses of the whole administration inside a healthcare institute. 
Toyota production engineers established Lean methodology. 
The automotive industry, and later the construction, retail and 
healthcare sectors, adopted the Lean method extensively. The 
lean is a technique of reviewing and refining workings to in-
crease the necessary (worth) processes and abolish non-worth 
to reach at the ideal mode of working, which is acknowledged 
by the whole-system culture. The Bolton Hospital UK used the 
lean method in the redeployment of pharmacy work processes. 
Various national quality drivers in the England NHS have been 
the primary motivation to the installation of pharmacy robots. 
These comprise the QIPP (Quality Innovation Productivity and 
Prevention) programme and the CQUIN (Commissioning for 
Quality and Innovation) framework. Automation meets the 
necessities for these initiatives by being innovative technology 
that avoids dispensing errors and improves productivity (high 
throughput as well as use of space); thus has anaffirmative out-
come on the quality of care (patient waiting for times and redis-
tribution of staff on near patient pharmacy services) [25].

In addition, several larger community pharmacies in the UK 
have implemented robots to rationalize the dispensing volume 
and provide other pharmacy facilities like medicines use re-
views and further clinically dedicated services; those depend 
on the accessibility of a pharmacist for discussion. The theoreti-
cal and apparent advantages of automation include decrease in 
dispensing-errors; justification of the dispensing process, caus-
ing effectiveness in dispensary quantity, and (3) re-engineering 
of pharmacy services like expansion of a ward-wise medicines 
management service, and decentralisation of the clinical phar-
macy service. However, few published papers enumerate the 
real profits of pharmacy automation. The section below ex-
plores the evidence base for pharmacy robot’ said [26]. 

Benefits of pharmacy robots

There are various advantages of automated dispensing sys-
tems (benefits of pharmacy robots) in the professional litera-
ture and in policy papers. Still, in budding phases of approval 
of these devices in the UK, there was very little quantitative 

proof for these advantages. For this cause, researchers in the 
Welsh School of Pharmacy specially built an assessment tool-
kit for those sites that were scheduling to install pharmacy 
automation. This section reflects the published report on the 
benefits of pharmacy robots for dispensing. Many implement-
ers have circulated data on the utilities that they have grasped 
on installing an automated dispensing system. Benefits of using 
pharmacy robots include storing more stock and faster, more 
efficient picking of prescriptions. There are three important sec-
tors where pharmacy automation has impacted to expansion of 
best practices [27].

Reduction in errors during dispensing 

Wirral Trust observed 50% reduction in the rate of dispensing 
errors in only four months post installation of Speedcase robot 
system [22]. This is in steady with the reality that the preceding 
dispensing errors at the Wirral i.e. incorrect item assortment 
and incorrect strength selection were almost removed by the 
usage of pharmacy automation [22]. On the other hand, the rate 
of dispensing errors became reduced by 16% only four months 
after the installation of Baxter Consis at Wolverhampton, when 
compared to the five months before implementation [17]. A 
breakdown in dispensing errors for Wolverhampton specifies 
that while there was a decrease in some errors, there might be 
an increase in other errors. Reduction of errors included wrong 
drug, wrong quantity, wrong strength, etc. In contrast, errors 
increased due to incorrect instructions on the label and staff 
becoming complacent about the labelling process due to the 
robot implementation. Even the automated dispensing has no 
impact on the process of labelling done through the pharmacy 
system. These statistics submit that the difference in dispens-
ing error rate reduction among these two centres maybe due 
to dissimilar basic dispensing errors in each department. Yet, 
in both systems, these data would be confused by the fact that 
for the items not dispensed by the robot the rate of dispensing 
errors would not be affected by the enactment of the system. 
Even, for both of these executions, the rate of dispensing error 
was more than the pure error rate quoted by Welsh research-
ers [28].

Dispensing process efficiency

New systems, having an automated loading mechanism, 
worked by scanning the barcode present on the item to record 
its location. This is further cross-referenced against a barcode 
on the prescription, permitting automated dispensing before a 
pharmacist’s final check [17]. The bar code recognition rate is 
now above 70% indicating manual handling of less than 30% 
of the medications after installing a pharmacy robot. Pharmacy 
robots allow the pharmacists to spend more time with patients 
compared to that spentin manually finding prescriptions [12]. 
Numbers of efficiencies in dispensing practice have been ob-
served in system assessments. At the Wirral, they noted a rise 
in the number of products dispensed by every pharmacist per 
hour, from 9 to 12 items pre-installation to 15 plus products 
post-installation. The improved dispensing at Wirral caused a 
decrease in the number of hours spent by pharmacists in the 
dispensary and a successive rise in the number of hours spent 
by them with near-patient services to the wards. This is equal to 
the redeployment of 3.5 whole-time equivalents to pharmacy 
staff [28]. At Wolverhampton, the administration collected dis-
pensing process time allotment data for two related two-week 
periods. One is immediately before system execution in August 
2003, and another is six months after implementation in May 
2004. Thus, the time consumed on labelling and dispensing 
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was condensed so much, and the time spent on restocking the 
machine was also reduced compared to stocking conventional 
shelves. Thus, the time spent on accomplishing final checks was 
enhanced. However, the net outcome of these time cuts was 
that the aggregate number of products dispensed after the en-
actment of automation was boosted by 19% very effectively. 
The entire time spent in the dispensary was also decreased by 
19%, equal to the redeployment of 2.4 whole-time similar staff 
[13]. In a survey conducted for the approaches of pharmacy 
staff towards the execution of pharmacy automation in both 
the UK as well as the US, surveyors witnessed that pharmacy 
support staff were more apprehensive than pharmacists for 
the effect of pharmacy automation on their jobs-safety. Con-
sequently, pharmacy support staff saw the route of redeploy-
ment as a danger [28]. Nevertheless, such redeployment allows 
drug store bosses to exploit the excellent skill-mix within the 
team pharmacy. Thus, the drugstore has the supporting staff in 
service with the robot. A qualified expert delivers the ultimate 
dispensing check, perform on-wards medicines management, 
and work primarily on clinical events very nicely. Possibly, all 
prescription checks by pharmacist should happen on the wards 
where all issues with patients, clinicians and other patient man-
agement systems can be easily resolved. It is the best in which 
re-engineering of services all over the hospital is made possible 
by automation in the drugstore.

This modest change in the throughput despite the applica-
tion of a robot may be due to these three possible causes-

(A) While the robot introduces efficiencies in picking, assem-
bling and prescription labelling, there is still a necessity 
for a technician to final check on the dispensed products. 
In a very busy dispensary, this may become the best rate-
controlling step of the process and may bound the capac-
ity of the robot to boost up the dispensary turnaround 
time.

(B) It causes universal rise in pharmacy workload during the 
period of robot implementation.

(C) While the robot manages prescriptions with greater ef-
ficiency, there is a rise in pharmacy workload, primarily 
because of the acceptance of medicines management 
services. These decrease bulk supplies but raise the num-
ber of individual dispensing.

Use of space in the pharmacy

In several centres, there is a need to reduce the shelf space 
in the pharmacy and adjust the use of space. Making space 
free, decreasing dispensing errors and dropping patient wait-
ing times are just the ways automated dispensing change the 
pharmacies. At the Royal Free Hospital, London and St Thomas’ 
Hospital, London [28], the installation of a robot led to more ef-
ficient use of proper space in the pharmacy. The effect of robot 
installation on space used in the pharmacy became a key factor 
in the Wolverhampton system execution [28]. They analyse that 
the floor space required at a pharmacy after implementation 
of the Consis device was 10.2 m2 (equivalent to 7 m3 of space), 
compared to 14.3 m2 (equivalent to 9 m3 of space), preceding 
to the installation. This space-saving was significant in a dispen-
sary with a total area of 77.2 m2.

Automated dispensing systems have noted the following 
risks and issues: 

1. In the initial days of use, maximum systems would dis-

pense the requisite products. Still, they would not put on 
the labels automatically in some cases, which supposed 
that dispensing processes still needed a human operator 
and that the use of the system did not reduce labelling 
error. This result is perceived in the observed error rate 
for inaccurate commands on packages at Wolverhampton 
[28]. The use of “in-line” labelling with pharmacy robots 
mostly resolved this issue.

2. Downtime can occur due to broken down bottles and lost 
bottle caps and split packs in the machine [28].

3. One may not store all the medicines in pharmacy robots. 
The amount of pharmacy stock limits the strength for 
service re-engineering, and threat bdecline still desires 
manual drug dispensing. Once more this was a significant 
question when pharmacy robots were first introduced 
but have become less significant as pharmacy automation 
companies have created controlled drugs (CD) and fridge 
storage amenities. Conversely, the systems quiet may not 
handle massive packs dependably [28].

4. All products are not coded with proper barcodes. At pres-
ent, over 90%-95% of pharmaceuticals have barcodes; 
products such as clinical trial medicines, parallel imports 
and few medicines packed in hospital may not be im-
pressed with barcode [28].

Robotic numbers

 Dispensing automation is available in various shapes, sizes, 
capabilities and capacities from just pill counters to robots that 
shell out a flow of filled, labelled, and capped vials. However, 
robots can’t cover all prescriptions. According to Mike Cough-
lin, president of ScriptPro, these robots generally handle at the 
minimum level of 45% of prescriptions and go as maximum as 
80% or 90%, depending on the business-mix [29]. According to 
Gierwatoski, his robot filled about 50%prescriptions of the daily 
handling capacity. The remaining prescriptions were delivered 
using pill counters [29]. The key to exploiting maximum robot 
use is picking the accurate drugs for automatic dispensing. The 
most common way described is to find out the topmost 100 
to 200 items dispensed at the site and do the most common 
through the automation [29]. Local regulation may also play a 
role in dispensing. Gierwatoski found that Colorado eliminated 
controlled substances in dispensing robots. So, controlled sub-
stance prescriptions must be dispensed manually or through 
pill counters [30]. According to Coughlin the largest ScriptPro 
robot, having 225 cells, can manage 225 different products at 
a time [30]. Certain clients use more than one robot to handle 
their total script volume; however, the top 200 products cover 
the group of products dispensed in most community pharma-
cies [30]. Matching the price of technician labour to robotic la-
bour is easy. Robotic price is about $12 per hour according to 
Coughlin [30]. Average salary of technician recorded was $18 
per hour. Add in the costs of benefits, hiring and training robots 
look even more financially attractive [30].

Backing-up for automation

NCPA backs-up pharmacy automation. Health system phar-
macies and chain pharmacies were early adopters of pharmacy 
robots [31]. Samm Anderegg, a spokesperson for ASHP, ob-
served arise in acceptance of automation in many areas. Many 
hospitals are eyeing into a joint service centre, copying central 
fill for mail orders or pharmacy chains. Self-governing pharma-
cies with more than one centre are exploring their central fill 
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procedures and individual stores. Automation is enhancing ef-
ficiency in all of these settings, Anderegg continued [31]. When 
automation is available in the pharmacy, technicians will spend 
less time counting and pouring and additional time-managing 
tools. Robots are also performing more patient-centred, non-
distributive parts that praise pharmacists in their emerging clin-
ical roles. According to Anderegg, pharmacists wish to generate 
fresh income areas to back a medical business [32]. Automation 
also supports the evolution from fee-for-service models of dis-
tribution to practice models with the pharmacist as a promi-
nent service provider for patients and others [32]. The pharma-
cist gets that, on average of 35 times a year where their primary 
care doc sees them four times a year which is a clinical business 
opportunity [32].

New business models

Proctor understands business models in pharmacy develop-
ing alongside two parallel tracks, and both depend on automa-
tion. One model focused on dispensing; the aim is to dispense 
prescriptions rapidly, perfectly and economically. Delivering 
automats encounter all these three goals simultaneously. The 
other model emphases on care managing, more composite 
patients, and precautionary facilities to preserve people from 
hospitals, physicists, emergency areas, and other higher-cost 
places. That means these models focus fully on immunisation, 
vaccination, clinical testing, and other services as permitted by 
practise acts of the state. These also jump into clinical drives 
like the improved CMS “medication therapy management pilot” 
and the CMS “chronic care management pilot” that takes pa-
tients into the pharmacy for monthly appointments [33]. Wash-
ington and other states are involving pharmacists in public as 
well as private client set-ups for more chances to enlarge clini-
cal services for unswerving compensation, which entails extra 
time to document and bill for services [33]. DocStation offers 
some back-office solutions. However, pharmacies still want ad-
ditional staff hours out from counting pills, replying insurance 
queries, dealing inventory, and other dispensing responsibilities 
to trail intrusions, consequences, and compensation dues [33]. 
According to Proctor, abundant dispensing as a portion of the 
care management model and automation offers you the time 
to emphasise on care in place of product. Remaining health-
care is disbursing lots of currency, typically in nursing centres, 
annoying to contact individuals telephonically [29]. Community 
pharmacists are firmly associated with patients, physicians as 
well as social services, and already see patients 35 times a year 
[34]. This means when you start to grow a business model that 
focuses not only on the dispensing but also on the PBM-con-
trolled world [34].

Impact of pharmacy automation technologies

Despite the scarce evidence base, these results suggest that 
pharmacy automation does bring some aids in various indica-
tors. Most studies concurred that pharmacy automation has 
brought about a reduction in medication errors [35]. These 
findings collaborated with other studies conducted in other 
settings, such as the ICU, where there was a post-automation 
decrease in medication preparation mistakes [19] and in an 
inpatient setting, which showed that automation prevented 
administration mistakes when used with appropriate surveil-
lance [36]. The additional finding that medication mistakes 
most commonly happen during transcription [32] suggests 
that we consider automating the transcribing process and us-
ing technology to improve medication safety [36]. In addition, 
though automating the prescription filling process led to a rise 

in productivity and decreased staffing required for the same job 
[24,28-30,33], pharmacy staff did not report any drop in their 
workload post-automation [26]. It could be attributed to a re-
distribution of staffing to automation-related job functions pre-
viously not mandatory. Despite this, staff claimed in additional 
studies that their stress level had decreased post-automation 
and their work and life balance had improved [23,24]. Hence, 
although workload did not reduce, this apparent contradiction 
could recommend that there are indirect benefits for staff re-
sulting from the implementation of automation [37,38]. The 
cost savings reports by the studies could be passed on to pa-
tients. Still, these studies report neither return of investment 
measures nor capital costs nor operating charges of the auto-
mation systems. There is inadequate data to determine if the 
marginal benefits reported outweighing the invisible charges of 
implementing and maintaining these systems. Thus, more stud-
ies will need to find out the actual complete cost of implement-
ing these pharmacy automation installations and, by including 
estimated cost avoidance analyses from mistakes prevented, to 
give a better view of the financial viability of such executions. In 
addition, our findings exposed time savings post-automation in 
terms of patient waiting time, time-consuming preparation of 
medications, and stock-taking [25,33-35]. However, pharmacy 
staff observed no reduction in prescription filling time even af-
ter automation execution [26]. It is doubtful that such a modest 
amount of time-saving could result in any discernible benefits, 
such as improved patient satisfaction or more free time for staff 
[39,40].

As mentioned above, this is in line with the ambiguity on the 
impact of automation on yield and workload. It is thus prob-
lematic to justify that time savings as a determining factor in 
implementing automation systems in pharmacies. Finally, job 
satisfaction of pharmacy staff was generally not affected by 
executing automation [23,25], although one study did observe 
a rise in satisfaction level post-automation [26]. These results 
suggest that however manual prescription filling is associated 
with overwork and stress, staff satisfaction level is not much af-
fected, and automation results may not be the key to improv-
ing employee satisfaction [41,42]. In fact, the job satisfaction 
level may not be an effective indicator to assess the merits of 
automation, provided that it can be easily influenced by factors 
such as working environment, payment and corporate policies. 
According to a prior poll conducted in Singapore, the top three 
most important pharmacy services are-

1. Waiting time for prescriptions is less than 30 minutes.

2. Proper drug distribution; and

3. Reasonable price.

While the effects of automation on work productivity and 
on-time savings are uncertain, our findings display that automa-
tion has undoubtedly brought about reductions in medication 
errors [43]. With this limited knowledge, we can propose that 
ADM implementation may be more beneficial in community 
hospitals or large community pharmacy chains that goal to pro-
vide affordable healthcare to patients, which could be attained 
through cost savings and economies of scale. Our search policy 
attempted to use automation in more than one aspect of out-
patient pharmacy operations as a whole. However, the major-
ity of recognised studies focused exclusively on automating the 
prescription filling process. Additional studies on new avenues 
to implement automation in the prescription filling process are 
desired to compare the various robotic systems and select the 
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best-suited system required [44]. In addition, the desire paves 
the way for future developments such as the drug vending ma-
chine. Examining later publications displayed attempts to push 
boundaries on this front. This is in agreement with the increas-
ing acceptance and incorporation of different electronic pre-
scription systems worldwide, suggesting that more segments of 
the pharmacy process may be automated with the use of other 
technological systems united with ADM to bring about better 
efficacy and productivity in the workflow. For example, a study 
has shown that ADM and barcoding systems have synergistic 
effects that further decrease medication errors [44].

Pharmacy automation is critical to winning the fight against 
COVID-19

Since March 2020, Americans’ use of automation and view 
of the country’s health care system has changed drastically. The 
onset of the COVID-19 pandemic resulted in huge shifts, which 
limited the ability to use hospitals for anything other than 
COVID-19-associated admissions. The primary function of the 
health care set-up became administering COVID-19 tests, and 
the ability to secure these appointments was minimal, based on 
lab capabilities, patient volume, and test quantities [45].

Just 12 months later, the way patients and practitioners are 
involved with the health care system has changed forever. The 
chain, community and long-term-care pharmacies are over-
whelmed with COVID-19 vaccine administration. Further, Mod-
erna and Pfizer both requiring two separate schedules. Pharma-
cies and their staff members are performing their best to keep 
up and assist in bringing the United States to normalcy [46].

However, the new normal means that the CDC will recom-
mend COVID-19 vaccinations continuingly, whether a 2-dose in-
jection or an annual booster shot. While the responsibilities of 
pharmacy technicians have increased dramatically because of 
testing and immunisation efforts, they still must execute all oth-
er job functions they did pre-pandemic. These include assisting 
customers, checking prescriptions, consultation, and preparing 
medications for delivery, leading to a critical requirement for 
streamlining workflows in their operations.

Over time, the pharmaceutical industry has seen a signifi-
cant shift, from pharmacists who were the most reachable and 
respected health care professionals to essentially becoming 
short-order cooks: keeping their heads down, counting the pills, 
and repeating. It was common to see the local pharmacist for 
most general health concerns a few decades ago instead of go-
ing to the family doctor [47].

In addition, hospitals were often associated with the “end of 
the road” setting. The local drugstore was the most accessible 
place for general medical advice, and many referred to their 
community pharmacists as “doc” [48].

To meet the necessities of patients and stay competitive, be-
ing convenient and fast became the name of that game, so the 
growth of drive-through windows, $4 generics, and more ex-
tended hours. These forced pharmacists into nearly an “assem-
bly line” mentality. But now-a-days, pharmacists are starting 
to push back and provide valued interactions to patients once 
more in the form of face-to-face consulting sessions, home de-
livery and in-person medication reviews and tele-health [47]. 
The pandemic has reignited the linking between patients and 
pharmacists, as the former are avoiding the hospital and their 
provider’s offices but then still looking for professional advice. 
With 90 percent of the population inhabiting within five miles 

of a local pharmacy, the pharmacist is the frontline health care 
worker once again. With an improved emphasis on improved 
adherence and their expanded character in the fight against 
COVID-19, patients now trust pharmacists more than ever. This 
means that pharmacist’s duty finds the necessary resources, 
time, and tools to meet these demands [48].

Technology support during COVID-19

Pharmacists have made massive progress recently in coming 
out from behind the counter. In COVID-19, many pharmacies 
are switching to automation technologies to help pharmacist’s 
efforts at the top of their licenses, supporting operations, and 
take over redundant tasks [49]. This means reallocating time 
for immunisations to receive patients in and out of pharmacies 
most efficiently. In a post-COVID-19 world, letting automation 
to take the place of filling and supporting confirmation can free 
up pharmacy team to concentrate its attention on patients, 
which most approve is far more impactful than just filling pre-
scriptions [50].

Automating the filling process that releases up pharmacy 
staff members will allow pharmacies to start programs that en-
hance patient value. For instance, a robust home delivery pro-
gram can outcome in significant growth in their customer base. 
With the help of the correct technology, staff members can fo-
cus on business differentiators, such as building relationships 
within the community and growing services [51,52]. In addition, 
technology that helps adherence packaging is an advantage that 
builds customer loyalty and raises the quality of care [53,54].

The main factors that are anticipated to be motivating the 
pharmacy automation market are the rising necessity to re-
duce medication errors, swift delegation of pharmacy stores, 
increasing lderly inhabitants and escalating labour charges [55].
In contrast, lack of enthusiasm amongst healthcare institutes 
to accept pharmacy automation is likely to confine the whole 
market progression to a certain level throughout the prediction 
period [56].

The utilisation of pharmacy automation in COVID-19

The Johns Hopkins Aramco Healthcare Pharmacy depart-
ment has embraced some technological advancement in current 
years to improve the patients’ clinical outcomes and increase its 
overall efficiency. At the centre of this tech-driven approach, a 
system capable of interfacing with many technologies ensures 
delivery of care with the person-centred culture of security for 
Johns Hopkins Aramco Healthcare in mind [57]. The automated 
drug dispensing system consumes an average of 80%-85% of 
the medication dispensing for the mainstream patient areas. 
Following the announcement from the organisation about the 
pandemic, a decision was made to boost the capacity of auto-
mated drug dispensing systems, especially for the isolation ar-
eas and ICUs (intensive care units) [58]. The pharmacy automa-
tion team planned a periodic review of cart-fill medications. This 
strategy helped to diminish the visit to those areas where isola-
tion precautions are strictly enforced. Cart-fill medications are 
being perpetually reviewed, utilising system-generated reports. 
Based on the report results, more medications were added to 
the automated drug dispensing system, and par levels (days of 
stock) were improved to reduce restocking frequency and traf-
fic to the central pharmacy. In the central pharmacy, a container 
of the appropriate cleaning disinfectant was located nearby to 
allow those accessing the automated drug dispensing system 
to disinfect common touch points. The system in place already 
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does not allow medications detached from the automated drug 
dispensing system to be kept back to the specific bin or pocket 
from which they are removed. This was reinforced to minimal-
ize the risk of errors and cross-contamination. A designated 
return bin for medication is used to return un-administered 
medicines to the pharmacy, as long as they have not arrived in 
an isolation patient’s room. The pharmacy staff disinfected the 
automated dispensing system and barcode scanners during the 
refilling process while wearing appropriate personal protective 
equipment (PPE) [59].

In accord with nursing administration, a decision was made 
that discard all unused medicines dispensed for presumptive 
and confirmed COVID-19 patients. This included any medica-
tions located in the emergency crash cart trays used while con-
firmed COVID-19 patients [60,61].

Bar coding in pharmacy automation

Pharmacy technicians and pharmacists are le for confirm-
ing the exactness of the dispensed medicines. Bar coding is 
frequently installed to back that accountability. There is inad-
equate, superior proof about the profits of executing bar coding 
within the pharmacy [62]. Poon and co-workers [62] planned 
a “before-and-after observational study” to compare “target 
dispensing errors” and “potential adverse drug events” (ADE) 
succeeding a multipronged workflow change, comprising bar 
coding and a medication container for retrieving and filling. 
Poon et al. [63] revealed a decrease in target dispensing errors 
by 85% and target potential ADEs by 74% after execution of bar-
coding. Regardless of the advantages of qualitative valuation in 
the study design, a statistical analysis of the primary outcomes 
was not done due to dissimilarities in the numerous dispens-
ing procedures. A prior secondary analyses established signifi-
cant perfections in marked dispensing errors in every dispens-
ing area when the pre/ post bar coding periods were stratified 
according to similar dispensing processes [64,65]. Two of the 
dispensing methods observed substantial perfections in rates of 
probable ADEs. One of the dispensing processes i.e., “alternate 
zone filling”, observed a rise in impending ADEs and life-threat-
ening ADEs in the post bar code period succeeding errors in fill-
ing high-risk IV medicines. While a quantitative perfection was 
established in medication dispensing errors and possible ADEs, 
a statistical analysis was not performed on the key results. The 
auxiliary analyses showed reduction in “medication dispensing 
errors” and possible ADEs when each dose was scanned upon 
replenishing and recovery from a medication container. Limited 
data establishes the significance of bar code within pharmacy 
dispensing. In a study, Poon et al. specified that a novel work-
flow integrating bar code technology improved dispensing from 
a pharmacy in certain situations [66]. The insertion of the carou-
sel, along with barcoding, added complications to the study and 
our realization of the learning as numerous workflow phases 
were announced concurrently. There is an absence of confirma-
tory research regarding the barcodes usage in the stocking and 
order completion. Conversely, with the lack of conflicting data, 
these data propose that barcode technique can be beneficial in 
dispensing to minimise potential MEs and ADEs associated with 
the manual assortment of medicines, with barcode reading ac-
complished for each dispensing [67].

Automated dispensing cabinets (ADCs)

ADC is different when compared with the other established 
systems, as maximum of the ADCs use is found in instant patient 
care zones outside the physical boundary of the drug store. Even 

though the pharmacy departments frequently confirm that the 
right medicines have been kept inside the ADC units, medicine 
assortment and preparation from ADCs habitually exist-in with 
nursing or other providers. Many before-and-after observa-
tional application studies using ADC tools were published in 
the early 1990s [68]. The initial ADC studies were deficient of 
strong statistical analyses and uniformity in measured upshots 
[68]. Current ADC works emphasised more on evaluating the 
decrease in medical errors and their possible strictness [69]. 
The most robust ADC studies were circulated by Chapuis and 
colleagues in France [69]. Their first work examined the conse-
quences of the execution of an ADC on the rate of MEs inside a 
medical intensive care unit (MICU) between a study unit (ADC) 
and a control unit (the medication cabinet). This research cast-
ed-off a randomised design to match standard care with ADC 
technology interference, and the primary result was MEs. There 
was a substantial progress in the inclusive error rate in the drug 
dispensing methods i.e. selection, preparation, administration 
following the execution of an ADC [70]. The decrease in error 
rate was determined by an upgrading in preparation errors with 
no upgrading in assortment and administrative errors. While 
the overall error rate reduced, the errors ranked with the pro-
spective to do damage increased. Additional result analysis ex-
hibited that assortment errors, which the structure is intended 
to develop upon, were not influenced as anticipated [70]. Re-
gardless of the randomised design, MICU nurses switched be-
tween units which presented probable crossover favouritism. 
Additionally, the study units did not have potential reviews of 
dispensed medicines by pharmacist, controlling its applicability 
to many hospitals across the United States [71]. Initially, there 
were limited data w.r.t. the financial impact of implementing 
ADCs within hospitals. Chapuis et al. [70] established a positive 
net present value (NPV) and global cash flow related with the 
execution of ADCs within three surgical intensive care units. The 
analysis took both operations (variable) and investment (fixed) 
cost into account and was capable to prove a positive return 
on investment. While Chapuis established a positive financial 
impact when exhibiting ADCs, most of the savings were depen-
dent on nurses’ time gained resulting a reduction in their role 
in the medication-use process. There is no assurance that the 
nurses’ time saved lead to an increased productivity from them. 
Given that many hospitals have detached nurses from making 
the most doses on the patient unit, there may be restricted out-
door applicability to hospitals all over the United States. A com-
plete economic analysis would combine patient outcomes in 
the economic analysis, like a robust cost-benefit analysis. ADC 
tools confirm dispensing happens more rapidly to the patient 
bedside; still, the success of the technology is dependent upon 
nursing workflow and conducts. Even though many studies 
have been published relating the execution of ADC systems with 
changing significances analysed, the two most robust studies 
showed flattering medicine safety and monetary consequenc-
es. Again analyses of medicine safety outcomes in the Chapuis 
study established that selection errors did not improve with the 
employment of the technology in spite of what circumstantial 
experience would recommend [19]. Both of these studies had 
restrictions, and there is a deficiency of confirmatory studies. 
Regardless of the well-known acceptance of ADC technology, 
there is deficient proof accessible establishing better medicine 
dispensing accuracy to patient care areas. Consequently, nurses 
and providers must place continual weight age on right assort-
ment of medicines out of the ADCs [19].



             Page 9  

www.bioaccent.org

Automated pharmacy carousel systems

Apart from the Poon bar code observation [19], only two 
investigations were made which engaged pre- and post-inves-
tigational study plans to evaluate the influence of automated 
pharmacy carousel systems (APCS) execution. These stud-
ies botched to describe their key result or statistical analyses, 
which fixes their total utility. Both investigations established an 
upgrade in pharmacist filling errors throughout certain dispens-
ing processes [17]. However, the rate of dispensing errors after 
the pharmacists’ closing authentication did not improve across 
all dispensing procedures after the installation of the system 
[17]. Depending on the absence of work and the limits of these 
study designs, it is difficult to make strong conclusions regard-
ing the technology. APCS are envisioned to improve medicine 
storage inside drug stores. Although anecdotally this may have 
happened with the execution of these systems, the absence of 
progress in dispensing errors shows that there was an in ad-
equate assessment of the technique before their extensive 
disposition and use. This thought is analogous to the extensive 
acceptance of ADC technique without decisive conclusions that 
the systems decrease dispensing errors. One of the causes for 
the development of these systems is the biological develop-
ment that frequently takes place with technology. Such systems 
were planned as enhanced medicine storage devices, which 
permitted safe and dense medicine storage in the drug store or 
patient care regions (ADC). Their usage has developed to com-
prise dispensing for straight patient care, for instance guiding 
pharmacists or nurses in the assortment of first dose medicines. 
This conversion is similar to the off-label practice of approved 
medicines. Medications may be sanctioned for one indication, 
but additional practices become apparent as the time passes 
where research may be missing. Idyllically, these medicines are 
permitted for other indications also after additional research. 
Similarly, additional safety measures (e.g., electronic data ex-
change, bar code scanning of each medication upon receipt and 
dispensing) would be positioned, and their influence studied to 
make sure the patient is delivered with the correct medication 
[71].

Current status pharmacy automation market

The pharmacy automation market has been projected to rise 
from USD 3.63 billion to USD 5.38 Billion during 2017-2022, at a 
Compound Yearly Growth Rate (CAGR) of 8.2% throughout the 
prediction period. North America was kept accountable for the 
significant market size throughout the prediction period [70].

Based on function, the pharmacy automation market is di-
vided into various segments like dispensing systems, labelling 
and packaging systems, table-top counters, compounding, stor-
age and retrieval, and other pharmacy automation systems out 
of which automated dispensing systems kept the major market 
share of the pharmacy automation in 2016 [72].

Based on the end-users, the market is segregated into in-
patient, outpatient, pharmacy benefit dealing institutes, mail-
order and retail pharmacies. Retail pharmacies are the most 
swiftly emerging end-user sector in the pharmacy automation 
market during the forecast period [72].

Planning for the future

While the expectations put upon pharmacies take changed 
aggressively during this past year, the aim has stayed the same: 
being manageable frontline providers, helping keep commu-
nities healthy, and always keeping patients first. Applying the 

right automation now-a-days will thrust pharmacies into the 
upcoming time, give them a renewed focus, and remain to di-
versify the role of pharmacists [56].

Conclusion

This exploratory study supports the existing concept that au-
tomation of community pharmacies does not save time from 
practitioners’ work, even though dispensing remains the core 
activity of pharmacies. Although stocking and dispensing robots 
help pharmacists alot, who in general have reported lesser sat-
isfaction with routine tasks than other staff, no significant differ-
ences were found in job satisfaction among practitioners work-
ing with and without automation. In what concerns patient 
interaction, there are chances for extending communication 
and quality of care, especially being aware that practitioners 
at the counter, working directly with the patients, have a rea-
sonable amount of existing time, even if time lack is frequently 
self-reported as the greatest barrier to extending the roles of 
community pharmacists.
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