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Abstract
Automated dispensing cabinets (ADCs) are decentralized, computer-controlled systems used to store, distribute, and track
medications at the point of care in the wards.

Objective: The objective of the current study is to evaluate how healthcare practitioners are satisfied with ADCs and scrutinize
some influencing factors that could affect this satisfaction.

Material: A cross-sectional survey study was designed and distributed online to healthcare providers in Al-hasa hospitals.

Results: A total of 166 participants. Regarding the frequency and pattern of ADC use, around 79.5% used ADC and 85.4%
were informed about using ADC on a daily basis. As for the level of satisfaction with ADC, an exact 81.9% gave a high rate for
overall satisfaction, 81.3% were highly satisfied with the system’s accuracy, and 74.7% were highly satisfied with the time it
takes to complete the task. Regarding usability of the system, 69.8% thought it was easy whereas 36.8% agreed that the time
required for reloading medication is longer than before ADC. Furthermore, 79.5% agreed that ADC allowed them to accom-
plish their job safely, and 67.4% agreed that it improved their productivity. Regarding challenges, 74.7% agreed that all
drawer types assure safe access and removal of medications, and 18.7% agreed that there is a significant potential for
loss of data.

Conclusion: This study investigated healthcare staff’s perceptions and satisfaction with ADCs in Al-hasa hospitals. The health-
care participants were mostly highly satisfied with the use of the ADCs which translated into better patient care and
improved patient safety as well as higher productivity.
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Introduction

Using medication in a hospital requires a multistep proced-
ure that includes prescription, transcription and documenta-
tion, dispensing, administering, and monitoring. Through
these steps, the medication gets from the pharmacy to the
patient during which medication must be carefully
managed at all stages.' As per the American Pharmacists
Association, Medication Therapy Management refers to a
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particular service or cluster of services that optimize thera-
peutic outcomes for individual patients. Achieving specific
therapeutic outcomes that enhance a patient’s quality of life
while lowering risk is the aim of medication therapy.” In
recent years, healthcare organizations have had to take the
possibility that patients may suffer harm as a result of
medical treatment. Medication-related adverse events
appear to be one of the primary causes of this harm.” An
adverse drug event (ADE) is any harm subsequent to a
medical intervention involving a drug.* ADEs can be
further classified as nonpreventable (npADEs) and prevent-
able (pADEs). Nonpreventable ADEs (npADEs) are stated
as unintentional and harmful reactions to a drug following
appropriate use whereas preventable (pADEs), are defined
as harm to the patient resulting from mistakes or errors
made during the drug treatment process.’” Medication
errors are the third biggest cause of death in the United
States.® Medication errors can have a significant financial
impact on the healthcare industry in addition to eroding
people’s confidence in doctors and the healthcare
system.” Therefore, focus on scrutinizing the root causes
of ADEs at the prescribing phase, and the development
and testing of interventions is imperative to minimize
harm from medications. Medication errors can have many
different causes, but the most common one is human
error.*? The Institute of Medicine’s report “To Err Is
Human” highlighted the problem of medical errors and
sparked a debate about how best to reduce them. '’

In KSA, a prospective cohort study was performed to
define the incidence of ADEs and evaluate their severity
and preventability in four Saudi hospitals. The study con-
cluded that ADEs were most common in ICUs (60.8%) fol-
lowed by medical 27.3%) and surgical (11.8%) units
causing significant morbidity and mortality."' Another
study executed in Saudi Arabia revealed that the primary
causes of medication errors were lack of policies (14.3%),
inexperienced workers (22.7%), workload (31.6%), and
illegible prescriptions (12.7%). Additionally, the study indi-
cated that miscommunication (19.04%) and a lack of educa-
tion (67.47%) were the leading causes of drug errors, with
miscommunication overlook and sound alike coming in
second (7.54%)."> Moreover, the hospital pharmacy’s dis-
pensing process is a potential source of preventable human
error.” The total incidence of MEs in Saudi Arabia hospitals
was estimated at 44.4%. Prescribing errors, dispensing errors,
and administration error incidents represent 40.2%, 28.2%,
and 34.5% out of the total number of reported MEs, respect-
ively as a metaanalysis revealed.'* Tt is unrealistic to expect
humans to perform flawlessly every time.'* A system that
is dependent on human performance is more prone to errors
than one that is built with a stronger emphasis on carefully
thought-out procedures and regulations.'> As a critical com-
ponent of patient safety in healthcare delivery, various
pharmaceutical safety techniques have been developed to
solve this issue. The strategies function by providing ways

that minimize prescription errors and negative side
effects.'® Pharmacy automation refers to the computerized
process of distributing, classifying, packing, and counting
prescription medications.'” There are a lot more easily access-
ible automation systems nowadays, and one of them is the
automated dispensing system (ADS)."® ADS will enable hos-
pitals to store and dispense drugs close to the point of use with
a computer-controlled and monitored system.'” ADS is
applied for sustaining medication safety, enhancing drug dis-
tribution, decreasing medication error risk, providing 24-h
exchange service, refining control over narcotics and other
medications and tracking and proactively monitoring the
drug use process.'”? Automated dispensing cabinets
(ADCs) are an example of ADS.?! ADCs are defined as
decentralized, computer-controlled systems used to stock,
allocate, and track medications at the point of care in the
wards. ADCs provide a way to control the inventory."

The motivation behind this research originates from the
increasing adoption of ADCs in healthcare settings, includ-
ing Al-Ahsa hospitals. While ADCs offer potential benefits
such as improved medication distribution and inventory
management, their successful implementation relies
heavily on user satisfaction. By evaluating users’ levels of
satisfaction with ADCs and identifying the influencing
factors, this study aims to contribute valuable insights
into enhancing the usability and effectiveness of ADCs in
Al-Ahsa hospitals. Eventually, the findings of this research
have the potential to inform decision-making processes and
improve medication management practices, ultimately
leading to better patient care outcomes.

Materials and methods

Ethical considerations

This study was approved by IRB in Almossa Specialist
Hospitals (ARC-23.02.03). All healthcare providers read
the aim of the study before participating, and that they
were not obliged to contribute. No formal consent form
was used, but a returned questionnaire was considered to
be implied consent to participate.

Study design and area

A cross-sectional study was designed and distributed online
to healthcare providers who use ADC including pharma-
cists, pharmacy technicians, nurses, and others in Al-hasa
hospitals especially from Almossa Specialist Hospitals
and National Guard Hospital.

Study subjects

All pharmacists, pharmacy technicians, nurses, and health-
care providers who use ADC in Al-hasa hospitals were
included. No exclusion criteria.
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Study tool

A previously validated and published questionnaire was uti-
lized with minor modifications.** The questionnaire consisted
of four major sections. The first section included questions
about the participants’ demographic and professional charac-
teristics including age, gender, title, qualification, years of
work, the rate of their computer skills. The second part was
about the frequency and pattern of ADC use among study par-
ticipants. The third section included questions about the level
of satisfaction using ADC. The last section of the question-
naire was about the factors that influence the level of satisfac-
tion with ADC including usability of the system, perceived
benefits, challenges, and training quality, and finally how
ADC affected their occupation.

Data analysis

The data were collected, reviewed and then fed to Statistical
Package for Social Sciences Version 21 (SPSS: An IBM
Company). All statistical methods used were two-tailed with
an alpha level of 0.05 considering significance if the p-value
was less than or equal to .05. The overall satisfaction level
regarding ADC was assessed by summing up discrete scores
for different satisfaction items. Healthcare workers with an
average satisfaction score of less than 4 were considered to
have poor satisfaction levels but others with an average score
of 4-5 were considered with high satisfaction. Descriptive ana-
lysis was done by prescribing frequency distribution and per-
centage for study variables including participants’ personal
data, experience years, and titles. Also, the frequency and
pattern of ADC use were tabulated. Participants’ satisfaction
and factors affecting satisfaction were tabulated and the
overall satisfaction level was graphed. Cross tabulation for
showing the distribution of participants’ satisfaction levels by
their associated factors was carried out with Pearson chi-square
test for significance and exact probability test if there were small
frequency distributions.

Results

Demographic characteristics of healthcare
participants

A total of 166 participants completed the study questionnaire.
Participants’ ages ranged from 20 to 48 years with a mean age
of 31.8 +5.4 years. Exact of 119 participants were females,
130 (78.3%) were non-Saudi. As for the title, the vast majority
(80.1%; 133) were nurses and 21 (12.7%) were pharmacists.
Considering qualification, 145 (87.3%) had bachelor of
science degree and 12 (7.2%) had diploma. A total of 91
(54.8%) worked in their current hospital for 1-5 years, 34
(20.5%) worked for 5-10 years and 16 (9.6%) for more than
10 years but 25 (15.1%) worked for less than 1 year. Of 105
(63.3%) rated their computer skills as good and 36 (21.7%)
as excellent but only two had poor skills (Table 1).

Table 1. Personal characteristics of healthcare participants, Saudi
Arabia (n=166).

Age in years
<30 67 40.4
30-39 78 47.0
L0+ 21 12.7
Gender
Male 47 28.3
Female 119 71.7
Nationality
Saudi 36 21.7
Non-Saudi 130 78.3
Title
Nurse 133 80.1
Pharmacists 21 12.7
Pharmacy technician (A 2.4
Anesthesia technician 3 1.8
Physician 2 1.2
Midwife 1 0.6
Respiratory therapist 1 0.6
Anesthesia consultant 1 0.6
Qualification
Bachelor of science degree 145 87.3
Diploma 12 7.2
Master of science degree 9 5.4
Years of work in your current hospital
<1 year 25 15.1
1-5 years 91 54.8
5-10 years 34 20.5
(continued)




DIGITAL HEALTH

Table 1. Continued.

>10 years 16 9.6

How would you rate your computer skills?

Poor 2 1.2
Moderate 23 13.9
Good 105 63.3
Excellent 36 21.7

Frequency and pattern of ADC use among
healthcare participants

Table 2 illustrates the frequency and pattern of ADC use
among the study participants. A total of 132 (79.5%) of
the study participants used an ADC, and 112 (84.8%) of
them used in Al-hasa hospitals only. Among users, 130
(98.5%) use the ADC in their current hospital which
was for 1-12 months among 66 (50.8%), for one to
five years among 50 (38.5%), and for more than five
years among 14 (10.8%). Around 111 (85.4%) reported
using ADC on a daily basis. The ADC was not installed
in the ward where I work and the use of the ADC is
restricted to a few employees were the two causes
among nonusers.

Level of satisfaction about ADC among the
healthcare participants

Table 3 elucidates the level of satisfaction about ADC
among the study healthcare providers. Exact 75.3% gave
a high rate for overall satisfaction with the ADC, 81.3%
were highly satisfied with the system’s accuracy, and
74.7% were highly satisfied with the time it takes to com-
plete the task with such an ADS.

Factors influence level of satisfaction about ADC
among the healthcare participants

Factors that influence the level of satisfaction about ADC
among study healthcare providers were summarized in
Table 4. Regarding usability of the system, 69.8%
thought it was easy from logging in to actually using the
system in ADC, 36.8% agreed that the time required for
reloading or dispensing medication is longer than it was
prior to the installation of an ADC, and only 17.5%
became confused when they use the ADC. With regard
to perceived benefits, 79.5% agreed that ADC allowed
them to accomplish their job safely, and 67.4% agreed

Table 2. Frequency and pattern of automated dispensing cabinet
used among the healthcare participants.

Have you ever used an automated dispensing

cabinet?
Yes 132 79.5
No 34 205
If yes, where did you use the automated dispensing

cabinet? (n=132)
Al-hasa hospitals and other hospitals 7 5.3
Al-hasa hospitals only 112 84.8
Other hospitals but not Al-hasa hospitals 13 9.8
Do you use the automated dispensing cabinet in

your current hospital? (n=132)
Yes 130 98.5
No 2 1.5
If yes, for how long have you been using the

automated dispensing cabinet in your current

hospital? (n=130)
1-12 months 66  50.8
1-5 years 50 38.5
>5 years 14 10.8
If no, reasons for not using the automated

dispensing cabinet (n=2)
The automated dispensing cabinet was not installed 1 50.0

in the ward where | work.
Use of the automated dispensing cabinet is 1 50.0

restricted to a few employees.
Frequency of using an automated dispensing

cabinet (n=130)
Daily 111 85.4
Weekly 8 6.2
Less than weekly 11 8.5

that using ADC improved their productivity. About chal-
lenges, 74.7% established that all drawer types assure
safe access and elimination of medications, and 57.8%
reported that amount of time between when a written
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Table 3. Level of satisfaction about automated dispensing cabinet among healthcare participants.

21.6 72 43.37 53 31.9

36

2.4

How would you rate your overall satisfaction with

the automated dispensing system?

13.3 67 40.4 68 41.0

22

2.4

3.0

How satisfied are you with the automated

dispensing system’s accuracy?

19.3 68 41.0 56 33.7

32

2.4

3.6

How satisfied are you with the time it takes to complete

the task with an automated dispensing system?

order is sent to the pharmacy and when it is available from
the ADC is adequate. Additionally, only 18.7% of the par-
ticipants agreed that there is a substantial prospective for
loss of data with ADC, and 18.7% there is a noteworthy
potential failure to use ADC. Considering training
quality, 77% agreed that the training provided about
ADC use (entering the system, reloading, etc.) was com-
plete and adequate, and 80.7% can use it confidently
after training.

Overall satisfaction level about ADC among the
healthcare participants

A total of 125 (75.3%) were highly satisfied with ADC and
only 41 (24.7%) showed low satisfaction levels as illu-
strated in Figure 1. Regarding the effect of ADC on work
among healthcare providers, around 83.1% of ADC users
stated that it made their work easier, 8.4% told it time-
consuming and more difficult but 6.9% had a neutral
opinion (Figure 2).

Distribution of healthcare participants’ satisfaction
level by their associated factors

Table 5 shows the distribution of participants’ satisfaction
levels by their associated factors. A total of 79.5% of
those who ever used an ADC were highly satisfied with it
versus 58.8% of others who did not use it with verified stat-
istical significance (p=.012). Similarly, 82.9% of daily
users were satisfied with the method compared to 54.5%
of others with less use rate (p=.047). Other factors
showed insignificant association with healthcare providers’
satisfaction level.

Discussion

The Ministry of Health in KSA is executing an effective
transformation in the healthcare system to advance a super-
ior health system which allies with the Saudi Vision of
2030.% One of the healthcare objectives is to expand the
excellence and consistency of services and the performance
and accountability of healthcare organizations and staff to
deliver care that is safe, effective, patient-centered, timely
and equitable. One of the tools to address such a goal is
the use of an Automated drug dispensing system as an
example of pharmacy automation, which is a technology
that positively impacts drug dispensing efficiency and
deterring medication errors.>* Pharmacists’ responsibilities
to expand the dissemination scheme and expand the compe-
tence have been helped by technology. For example, ADCs
and other similar devices are utilized progressively more in
healthcare organizations. In a study performed in Jeddah in
2019 revealed that only 28.6% of all Jeddah hospitals and
20.7% Riyadh hospitals in 2012% used ADCs which is
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Table &. Factors influencing the level of satisfaction about automated dispensing cabinet among the healthcare participants.

Usability of the system

From logging in to actually using the system in ADC, | thought it was easy. 13

| do become confused when | use the ADC.

The time required for reloading or dispensing medication is longer than it 40

was prior to the installation of an ADC.
Perceived benefits
Using an ADC improves my productivity.
The ADC allows me to do my job safely.
Challenges
There is a significant potential for loss of data with ADC.

There is a significant risk of potential failure to use ADC.

The amount of time between when a written order is sent to the pharmacy 15

and when it is available from the ADC is acceptable.
All drawers’ types assure safe access and removal of medications.

Training quality

The kind of training provided to me about ADC use (entering the system, 12

reloading, etc.) was complete and adequate

| can use the ADC confidently after training.

ADC: automated dispensing cabinet.

Poor satsifaction,
41 (24.7%)

High satsifaction,
125 (75.3%)

Figure 1. Overall satisfaction level about automated dispensing
cabinet among the healthcare participants.

7.8 17 42 30 18.1 54 325 62 373

76 458 33 199 28 169 21 12.7 8 4.8
24,1 24 145 41 247 37 223 24 145

13 7.8 2 1.2 39 235 56 33.7 56 33.7
13 78 1 0.6 20 12.0 48 28.9 84 50.6
50 30.1 25 151 60 36.1 23 139 8 4.8
44 265 20 12.0 71 428 25 151 6 3.6
9.0 11 6.6 44 26.5 47 283 49 295

11 6.6 5 3.0 26 15.7 49 295 75 45.2
73 4 2.4 22 133 47 285 80 48.5

13 7.8 2 1.2 17 102 39 235 95 57.2

inferior to the rate in the United States (70.2%).2® In another
study conducted across the Gulf Cooperation Councils
(GCC) countries’ hospitals, about 37.5% of hospitals only
used ADCs in their patient care areas®’ specifying that the
use of technological solutions for distributing medication
in GCC countries’ hospitals as a whole and in KSA specif-
ically is still in its initial phases. Furthermore, during
COVID-19 pandemic, the Department of Pharmaceutical
Care initiated a departmental crisis preparedness plan, as
a part of the general hospital preparedness plan which
included expanding the use of automation in handling
inpatient pharmacy services at King Abdulaziz Medical
City in Jeddah.?®

This study was conducted in hospitals that use ADCs
to explore the healthcare professionals’ perceptions and
satisfaction with the use of the ADC system in Al-hasa
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Figure 2. Effect of automated dispensing cabinet on work among the healthcare participants.

hospitals. It is imperative to enhance working situations
for healthcare professional, as this will improve their sat-
isfaction with their work. The results disclosed that
almost all of the participant used or are using ADC in
their current hospital daily. The majority of the partici-
pants expressed a high rate of overall satisfaction with
the ADC specifically the accuracy, and the time it
takes to complete the task. Another factor influencing
the level of satisfaction with ADC was the usability of
the system as most of the participants thought it was
easy to use the system. Similarly, an earlier study under-
taken at King Faisal Specialist Hospital emphasized the
usefulness, ease of usage, and apparent efficacy of
expanding the control system, and training of the new
technology staff had shown positive effects on augment-
ing nursing staff’s attitudes toward using these newly
installed automated machines.?

The outcomes of the study exposed that healthcare pro-
fessionals were satisfied with the technology use and
understood that it simplifies their work, adds to safer
healthcare and reduces medication errors and ‘“near
misses.” In accordance with a study performed in Saudi
Aramco Medical Services Organization, one of the
Middle East’s first institutions to start the automated
drug dispensing systems (ADDSs). They reported ampli-
fied medication allocating efficiency, supported cost
control, lessened the frequency of adverse events related
to medications, and improved throughput of the health
workforce as a result of ADDSs.*° Likewise, another
study found that the frequency of controlled and uncon-
trolled medications has declined substantially.’ With
regard to perceived benefits, most participants agreed

that ADC permitted them to accomplish their jobs safely,
thus improving productivity.

About challenges the participants face while using the
ADC, three-fourth of them established that all drawers’
types assure safe access and deletion of medications, and
almost half reported the amount of time between when a
written order is sent to the pharmacy and when it is avail-
able from the ADC is acceptable. Few participants, less
than 20%, expressed a challenge which is the significant
potential for loss of data, and the failure to use ADC.
Considering training quality, two-third of the participants
agreed that the training provided about ADC use was
adequate, and currently can use the ADC confidently
after training. In harmony with our results, an earlier
study was executed to recognize the disputes related to
maintaining the ADCs in National Guard Health Affairs
hospitals in Riyadh from the pharmacy technicians’ per-
spective and to propose some solutions to overcome
these problems that complicate the usability of the
ADCs.?

In the existing study, the overall satisfaction level with
ADC among the majority of the participants was highly sat-
isfied and stated that it made their work easier.

In the current age of technological advances, automated
dispensing machines have certainly met the requirements
for an efficient medication distribution system.”> The
implementation of ADC is a step toward greater patient
safety and improved healthcare environment.

Limitations

This investigation has several limitations. It was accompan-
ied in only Al-hasa hospitals. The sample size was not
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Table 5. Distribution of healthcare participants’ satisfaction level by their associated factors.

Age in years .304
<30 20 29.9 47 70.1

30-39 15 19.2 63 80.8

L0+ 6 28.6 15 71.4

Gender .876
Male 12 25.5 35 74.5

Female 29 4.4 90 75.6
Nationality .357
Saudi 11 30.6 25 69.4
Non-Saudi 30 23.1 100 76.9
Qualification 511°
Bachelor of science degree 38 26.2 107 73.8

Diploma 1 8.3 11 91.7

Master of science degree 2 22.2 7 77.8

Years of work in your current hospital .629
<1 year 7 28.0 18 72.0

1-5 years 25 27.5 66 72.5

5-10 years 6 17.6 28 82.4

>10 years 3 18.8 13 81.3

How would you rate your computer skills? 471°
Poor 1 50.0 1 50.0

Moderate 8 34.8 15 65.2

Good 25 23.8 80 76.2

Excellent 7 19.4 29 80.6

Have you ever used an automated dispensing cabinet? .012*
Yes 27 20.5 105 79.5

(continued)
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Table 5. Continued.

No 14 41.2 20 58.8
Do you use the automated dispensing cabinet in your current hospital? 297°
Yes 26 20.0 104 80.0
No 1 50.0 1 50.0
If yes, For how long have you been using the automated dispensing cabinet in your current hospital? 442
1-12 months 14 21.2 52 78.8
1-5 years 11 22.0 39 78.0
>5 years 1 7.1 13 92.9
Frequency of using an automated dispensing cabinet .076
Daily 19 17.1 92 82.9
Weekly 2 25.0 6 75.0
Less than weekly 5 45.5 6 54.5

P: Pearson X2 test; $: exact probability test; * p<.05 (significant).

calculated. The findings can therefore not be generalized to
other populations or settings in KSA.

Implications

The findings from this research have several critical impli-
cations for healthcare management, technology implemen-
tation, and policy formulation. By understanding the
specific factors that influence user satisfaction, hospital
administrators can make informed decisions about how to
configure and implement ADCs more effectively. This
might involve adjustments in training programs, user inter-
face design, system functionality, or support structures. The
results can inform policymakers at the local and national
levels, contributing to the development of standards and
guidelines that optimize the use of technology in medica-
tion management. These policies could ensure that ADCs
are utilized in ways that maximally benefit patient safety
and healthcare efficiency. The study could highlight areas
where ADC users require additional support or training.
Hospitals might use this information to develop targeted
training programs that address specific user needs, thereby

enhancing the overall user experience and effectiveness of
ADC operations. Insights from the study may drive techno-
logical improvements in ADC systems. Manufacturers
could utilize findings related to user experience to
enhance the design and functionality of ADCs, leading to
more user-friendly systems that are better adapted to the
needs of healthcare professionals. Improving the satisfac-
tion of ADC users has the potential to enhance the quality
of care provided to patients by reducing medication
errors, speeding up service delivery, and ensuring that
healthcare professionals are supported in their roles.

Policy recommendations

Based on the findings from this evaluation of user satisfac-
tion with ADCs and the factors influencing this satisfaction
in Al-Ahsa hospitals, many policy recommendations could
be proposed. Regulatory bodies should develop and enforce
standards for the key features and functionalities of ADCs
to ensure consistency and reliability across different health-
care settings. These standards should consider the factors
that significantly influence user satisfaction, such as ease
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of use, security features, and system reliability.
Furthermore, health departments should mandate compre-
hensive training programs for all ADC users to ensure
they are proficient in using these systems. Training should
be ongoing and adapt to new updates or features of the
ADCs to help mitigate resistance to technology and
enhance user satisfaction. And finally, this research’s
results could help to implement a policy requiring hospitals
to conduct regular audits and gather user feedback specific-
ally on ADC usage. This feedback should be systematically
analyzed and used to inform continuous improvements in
ADC deployment and functionality.

Conclusions

This study explored healthcare staff’s perceptions and sat-
isfaction with ADCs in Al-hasa hospitals. The healthcare
participants were generally satisfied with the use of the
ADCs which was translated into better patient care and
improved patient safety as well as higher productivity.
These findings strongly support the government’s
efforts to improve patient care by using ADC and
enhance automation. The survey result exposed a
chance to augment the medication use management
process of dispensing and administration practices in hos-
pitals in KSA. The adoption of change associated with
implementing and using these new technologies in KSA
hospitals is gradual.
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