Journal of Applied Pharmaceutical Science Vol. 0(00), pp 001-009, 2024
Available online at http://www.japsonline.com

DOI: 10.7324/JAPS.2024.5687

ISSN 2231-3354

CrossMark

<« clickfor updates

Enhancing radiation safety and efficiency in nuclear medicine
through automated drug dispensing systems: A feasibility study

with staff acceptance analysis

Sanoop Chandran', Annamalai Rama? @, Induja Govindan?, Anjana A. Kailas?, Srinivas Hebbar?, Anup Naha?, Usha Rani'*

"Department of Social and Health Innovation, Prasanna School of Public Health, Manipal Academy of Higher Education, Karnataka, Manipal, 576 104, India.
*Department of Pharmaceutics, Manipal College of Pharmaceutical Sciences, Manipal Academy of Higher Education, Karnataka, Manipal, 576 104, India.

ARTICLE HISTORY ABSTRACT

Received on: 31/03/2022
Accepted on: 27/12/2023
Available Online: XX

considering staff perceptions and acc
Key words: 5 percep

Nuclear medicine, automated
drug dispensing system
(ADDS), radiation safety,
radiopharmaceuticals, financial
feasibility, staff acceptance.

Nuclear medicine, a vital component of modern hqalth
precise diagnoses and treatments. However, t! i
introduces an automated drug dispensing sys D
and efficiency. The research comprehensively e

X

(Odes the power of radioactive isotopes to enable
ing, of sadioactive materials poses inherent risks. This study
ithin a nuclear medicine department to enhance safety
uates ADDS implementation’s financial and operational feasibility,

ings reveal that RESCUEDOSE, an ADDS solution, offers a

ce. E

ith/rapid investment returns. Staff members exhibit favorable acceptance,

cost-effective, safety-enhancing o;
contingent on adequate trafain, is sypdy contributes to the broader trend of automation in healthcare, emphasizing
its potential to elevate patie % radiation safety.

INTRODUCTION

Nuclear medicine is a pivotal domain within the
medical field, harnessing the power of small quantities of
radioactive isotopes to facilitate the diagnosis and treatment of
a wide array of medical conditions. Central to the customary
nuclear medicine procedures is introducing radioisotopes into
the body, achieved through diverse means such as intravenous
injection, inhalation of gases or aerosols, or even in conjunction
with food. These radioisotopes navigate through the targeted
regions within the body, emitting gamma rays as a form of
energy. These emitted gamma rays are meticulously captured
by specialized cameras and processed by advanced computer
systems, culminating in intricate organ images [1].
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Nuclear medicine imaging unfurls a treasure trove of
unique and unparalleled insights that often elude alternative
imaging techniques. This inherent uniqueness holds the potential
to unveil diseases in their nascent stages, empowering healthcare
professionals to swiftly and accurately diagnose patients. With
the aid of nuclear imaging methods, visualizing organs such
as bones, the heart, thyroid, and liver becomes a seamless
endeavor, enabling the early detection of anomalies. Moreover,
in certain instances, radiation itself becomes a therapeutic tool
capable of treating afflicted organs or tumors. The fundamental
distinction of nuclear medicine lies in its focus on capturing
images based on the dynamic physiological processes within
the body, contrasting sharply with other imaging modalities
such as computed tomography scans and magnetic resonance
imaging , which primarily emphasize anatomical structures.

In the realm of developed nations, nuclear medicine
diagnoses transpire at an approximate annual rate of 1.9%,
whereas therapeutic applications employing radioisotopes
occur at a frequency of roughly one-tenth of this rate. Globally,
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more than 10,000 hospitals have integrated radioisotopes or failed image acquisition or processing necessitating repeat
into their medical repertoire, with approximately 90% of studies, improper use of shielding or personal protective
these applications dedicated to diagnostic purposes. Among equipment, loss of a sealed radioactive source, and radioactive
the pantheon of radioisotopes used for diagnostic tasks, contamination of the environment.
technetium-99 reigns supreme, facilitating an astonishing Errors leading to mis-administration include instances
35 million procedures annually, constituting about 80% of where the wrong single-dose syringe or multidose vial is
all nuclear medicine procedures worldwide. Notably, using selected, the contents of vials or syringes are inaccurately
radioisotopes for diagnostic purposes exhibits an annual growth labeled, confusion arises regarding units of measured activity
rate exceeding 10% [2]. (e.g., MBq or mCi), and the risk of mistaken patient identity
In recognition of the significant strides in diagnostic increases, particularly when patients share similar names. In
and therapeutic methodologies, many tertiary hospitals the context of diagnostic procedures, the low radiation dose
have established dedicated nuclear medicine departments resulting from mis-administration is unlikely to cause injury
as specialized units. Commonly harnessed radioisotopes for or complications to patients or staff. However, studies in this
medical imaging in these departments encompass Technetium- field have illuminated the potential for staff members to receive
99m, Iodine-123 and 131, Thallium-201, Gallium-67, significant radiation doses to their hands while preparing and
Fluorine-18, and Indium-111. The distinctive characteristics injecting radiopharmaceuticals, doses that may indeed lead to
of radioisotopes, determined by their mass number and half- adverse effects [5].
life, render them formidable tools for medical imaging. The healthcare industry, cognizant of the devastating
However, it is paramount to underscore that the potency of impact of preventable medical errors, is incessantly striving
radioisotopes, specifically their ability to emit high-energy to enhance safety for both patients and healthcare workers,
gamma rays, necessitates stringent adherence to precise dosage seeking avenues to eradicate medical errors wherever possible.
administration and appropriate techniques. Deviations from The essential tenet in this endeavor is to substitute manual
these meticulous procedures can have adverse consequences, methods with state-of-the-art robotic or automated technologies
ranging from contamination to detrimental health effects among that minimize an errors [6]. In today’s cutthroat healthcare

those involved. Contamination arises when ionizing radiation- arena, wher 1vls are relentlessly dedicated to minimizing
emitting materials are inadvertently deposited on individuals ex e&) imizing efficiency, the strategic automation of
or surfaces, leading to potential internal radiation exposure traflitfona anual processes emerges as a paramount facet of
if radioactive substances infiltrate the body. The approach to per ance enhancement strategies [7].
decontamination varies depending on several factors, includin 6 As the healthcare sector persistently seeks ways
the location, type of isotope, half-life, radiation de @ o curtail expenses and augment operational efficiency, the
nature of the contamination [3]. strategic integration of automation into formerly manual
While nuclear medicine holds 1se workflows assumes unprecedented importance. This trend
for enhancing healthcare diagnostics and is not underscores the fundamental realization that incorporating
without its perils. High-profile cases like thoiy and agonizing automated systems represents an invaluable asset in achieving
poisoning of Alexander Litvinenko serve as stark reminders of heightened efficiency and cost-effectiveness to flourish in the
the dangers posed by radioactive materials. The 26 radioactive dynamic healthcare milieu [4].
isotopes of polonium used in the murder of Mr. Litvinenko are Looking ahead, the trajectory of automation portends
exceedingly lethal, with a potency 250 billion times greater than its integration into every specialized domain within healthcare.
hydrocyanic acid. Similar radiological poisonings have afflicted This forward-looking shift anticipates a future where automation
investigative journalists (Yuri Shchekochikhin) and business serves as a linchpin in diminishing labor costs, augmenting
people (Romam Tsepov), underscoring the life-threatening diagnostic precision, mitigating human errors in treatment
implications of radioisotope mishandling [3]. procedures, and fostering a safer working environment for
A distressing statistic emerges in the broader healthcare medical staff. The promise of automation extends beyond
landscape: more than 450 radioisotope contamination-related enhancing patient care; it holds the potential to revolutionize the
deaths were reported in Europe, all linked to the manual entire healthcare industry landscape by harmonizing cutting-
handling of radioisotopes [2]. The gravest concern with using edge technology with the quest for optimal care delivery [8].
radioisotopes in nuclear medicine lies in the potential for In the realm of nuclear medicine, where the ramifications
adverse health impacts when proper protocols are not followed. of human errors resonate more profoundly than in typical medical
Tissue damage, skin burns, nausea, and severe conditions such disciplines, the imperative for automation becomes all the
as leukemia and lung cancer stand as chilling possibilities, with more pronounced. Automated drug dispensing system (ADDS)
the ultimate consequence being the loss of life [4]. transcends conventional manual techniques by prioritizing safety
A gamut of incidents in nuclear medicine practice can through the automated preparation, loading, and dispensing of
result in unjustified radiation exposure to patients and healthcare radiopharmaceutical agents in sterile IV syringes [9].
providers. These unfortunate occurrences encompass procedures Research endeavors undertaken to evaluate the
performed on the wrong patient, the incorrect procedure carried efficacy of ADDSs in enhancing safety have yielded invaluable
out on the correct patient, erroneous activity administered to insights. A study conducted at the University Hospital UZ
a patient for a specific procedure, unwarranted exposure of Brussels, Belgium, honed its focus on assessing the exposure

radioisotopes to pregnant or lactating female patients, incorrect of nuclear medicine department staff and technicians to the
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radioisotope 18FDG. The investigation juxtaposed the levels of
extremity exposure experienced by staff members during the
manual techniques of loading and dispensing with the exposure
levels, ensuring the adoption of an automated drug dispensing
and injecting system [10].

The results of this comparative analysis stand as a
testament to the significance of automation. The study’s findings
unequivocally demonstrate that the implementation of an ADDS
precipitates a substantial reduction in extremity doses, which
in turn, significantly diminishes the risk of skin contamination
among staff members. Remarkably, the reduction surpasses a
staggering 95%. This marked reduction in extremity exposure,
a direct corollary of automated drug dispensing technology,
underscores the system’s efficacy in substantially mitigating
radiation exposure risks for nuclear medicine staff and technicians.

In lieu of the manual preparation and loading of
radioisotopes, the application of robotic technology through
ADDS serves a dual purpose: shiclding nuclear medicine
personnel from potential exposure to radioactive elements
while ensuring patients receive precise and calibrated dosages.
ADDS implementation guarantees the maintenance of dosage
accuracy within the nuclear medicine domain and permits dose
customization based on immediate requirements, eliminating
the need for pre-prepared dosages. This approach effectively
curtails the decay of nuclear elements and preserves the quality
of administered dosages [11].

This research study centers on enhancing technology
and safety measures for patients and staff involved in
introducing an ADDS within the nuclear medicine depa; me
a tertiary care hospital. Throughout the study, a compre %
assessment is conducted to gauge the financialg ;
feasibility of the new ADDS system withir
care environment.[12]

Integrating advanced technologies into healthcare
settings has garnered considerable attention, driven by the
overarching goal of enhancing precision, efficiency, and
patient care. ADDS has emerged as a standout innovation in
medication management in clinical settings. Recent years
have witnessed a plethora of studies exploring the integration
of ADDS into various medical departments, including the
sphere of nuclear medicine, where the precise administration of
radiopharmaceuticals assumes paramount importance.[13]

Within the domain of nuclear medicine, the
administration of radiopharmaceuticals mandates exacting
precision to ensure patient safety and an accurate diagnosis.
Existing literature underscores the potential advantages of
ADDS in this regard. Notable manufacturing companies such
as RESCUEDOSE, OMNICELL, and TEMA SINERGIE
have meticulously developed ADDS solutions to streamline
medication administration. These systems are engineered
to reduce human errors, enhance workflow efficiency, and
minimize the risks inherently associated with manual drug
dispensing.

This study conducted within the Nuclear Medicine
Department of a tertiary care teaching hospital aligns with
the growing body of literature emphasizing technology’s
integration to augment patient care. Similar research endeavors

agonal
ertiary

(@]

have been undertaken in diverse medical settings, consistently
highlighting the positive impact of ADDS on medication
administration accuracy, the reduction of adverse events, and
the holistic optimization of processes.

Furthermore, the focus on staff acceptability is a
pivotal determinant of the long-term effectiveness of any
technological intervention. Previous research within healthcare
settings underscores the significance of factors influencing
staff members’ perception and adoption of new technologies.
These factors encompass the adequacy of training, ease of use,
perceived benefits, and concerns regarding potential disruption
to established workflows.

Within the ambit of nuclear medicine, a domain relatively
underexplored in this context, the present study contributes
valuably by examining the feasibility, acceptability, and potential
challenges associated with ADDS implementation in the Nuclear
Medicine Department of a tertiary care teaching hospital.

The landscape of healthcare brims with an ever-
mounting emphasis on technology-driven enhancements,
particularly in the realm of medication administration. The
current study’s deliberate focus on ADDS implementation
within the Nuclear Medicine Department aligns seamlessly with
the broader trend of harnessing automation to enrich patient
care. In addition, ti{e meticulous examination of staff members’
acceptapce % rns provides profound insights into the

i iagility-of such implementations. By shedding light on
the icajioil of ADDS in a specific medical context, this study
effectvely bridges a critical gap in the existing literature, thus

radiopharmaceutical handling. This objective is achieved b§ @mtr’ uting substantively to the body of knowledge to elevate

calthcare processes through technological advancements.

The central thrust of this study revolves around
examining the costs intertwined with implementing an ADDS,
which spans both operational and administrative expenses.
Simultaneously, the research delves deeply into the feasibility
and degree of acceptance of the ADDS among the staff of the
nuclear medicine department.

METHODOLOGY

Study design and setting

We conducted a cross-sectional study within the
Nuclear Medicine Department of a tertiary care teaching
hospital over a period of six months. Data were collected from
staff members employed in the Nuclear Medicine Department
and manufacturing companies specializing in ADDSs, namely
RESCUEDOSE, OMNICELL, and TEMA SINERGIE.

Participants

Inclusion Criteria: The study included staff members
actively working in the Nuclear Medicine Department of the
selected hospital.

Exclusion Criteria: Staff members who expressed
unwillingness to participate in the study or were unavailable
during data collection for any other reason were excluded.

Data collection

The study comprised two distinct sections designed to
fulfil our objectives.
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Assessment of expenses and cost-effectiveness

In the initial section, we comprehensively analysed the
expenses associated with implementing the ADDS. We conducted
a market search and consulted biomedical engineers to select
international manufacturing companies. We collected detailed
information through email exchanges and Skype interviews,
including total costs, specifications, maintenance expenditures,
and product availability in the Indian market. Subsequently, data
obtained from the sales managers of the selected three companies
underwent a rigorous comparative analysis, highlighting
discrepancies in cost aspects and specifications.

This section’s subsequent focus was to assess each
model’s financial viability. We calculated the payback period for
each of the three company models to determine the investment
recovery rate, aiding in selecting the model exhibiting the
fastest recuperation of the initial investment.

After a thorough evaluation of the cost-specification
comparison and in-depth payback period calculations, we
made a conclusive determination to select the most optimal
manufacturing company. Our recommendation for a suitable
ADDS for the Nuclear Medicine Department of the chosen
tertiary care hospital was based on extensive market research,
including websites, articles, and input from biomedical
engineers.

Cost of Project

Payback Period =
Annual Cash Inflows

To gauge the financial viability of the chosen xno%
ear

a meticulous calculation of the breakeven point was cqnd
This involved utilizing the extensive financial datc%%
from a tertiary care teaching hospital’s fi

o

Total Fixed Cost
(Selling Price-Variable Cost)

Medicine Department.

Breakeven Point (Q) =

Manufacturing companies of ADDS

In the current international market, three well-known
companies manufacture the best-in-class ADDS, especially for
handling hazardous radioisotopes.

1. RESCUEDOSE.co, Haifa, Israel.

2. OMNICELL, Florida, United States of America.

3. TEMA SINERGIE, Malpighi, Faenza RA, Italy.

Data gathering from manufacturing companies

We obtained details regarding cost, specifications,
user experience, maintenance, and quality certifications through
correspondence with sales managers and representatives of
each company via email, Skype interviews, and comprehensive
web searches.

Dissemination and acceptability assessment

The second section of the study involved disseminating
the data acquired from the manufacturing companies to both the
Nuclear Medicine Department and the administrative sectors of
the chosen hospital.

This phase included identifying the necessity and
assessing the acceptability of the newly introduced ADDS. We
adopted a comprehensive approach, using observations and in-
depth interviews conducted via a structured questionnaire. This
survey encompassed all staff members and trainees actively
engaged within the Nuclear Medicine department. Ethical
clearance for the study was obtained from the Institutional
Ethical Committee of KMC & KH with approval number IEC
246/2017. Dated 26/04/2017.

RESULTS

Comparison of ADDS models

Several vital technical specifications and features
were considered in evaluating three ADDS models—
RESCUEDOSE, OMNICELL, and TEMA SINERGIE
(Table 1). RESCUEDOSE demonstrated excellence in
handling various compounding capabilities, including
transfers, dilutions (including QS), and reconstitutions, with
high-end accuracy. OMNICELL focused primarily on dilutions
and reconstitutions and offered fully programmable dosing by
drug, while TEMA SINERGIE specialized in direct dilution
and reconstitution.

All e

systems shared a minimum dose

requirgne ml, ensuring precision in medication
prepération CUEDOSE utilized gravimetric controls,
prégzidin eptional accuracy. OMNICELL offered full drug
pro mability, while TEMA SINERGIE’s dose accuracy
as not specified. RESCUEDOSE boasted a yield greater than
5%, OMNICELL exceeded 90%, and TEMA SINERGIE did
not provide information on yield.

Regarding sterility, RESCUEDOSE complied with
ISO 14644-1 Class 3, OMNICELL with Class 5, and TEMA
SINERGIE with Class 7 cleanroom standards. RESCUEDOSE
featured a negative pressure ISO 3 airflow loading chamber with
no recirculation. OMNICELL employed a positive pressure
compounding chamber with no recirculation, while TEMA
SINERGIE utilized a positive pressure balanced chamber
without recirculation.

RESCUEDOSE offered the highest throughput,
with the ability to process up to 40 preparations per hour,
making it suitable for high-volume compounding needs.
OMNICELL and TEMA SINERGIE both offered up to 35
preparations per hour, catering to medium- to high-volume
requirements. In terms of size and weight, RESCUEDOSE
was the lightest at 660 kg with the dimensions 1.01 x 1.25
x 1.42 m, followed by OMNICELL at 850 kg with the
dimensions 1.71 x 1.13 x 2.32 m, and TEMA SINERGIE
at 1,100 kg with the dimensions 1 x 1.53 x 1.96 m. These
differences in size could impact the space requirements
within a healthcare facility.

Regarding power supply and networking,
RESCUEDOSE operated on 220 VAC/15 A power and utilized
RJ45 Ethernet for networking, while OMNICELL used 110
VAC/30 A (America) or 110 VAC/50 A (North America) power,
also employing RJ45 Ethernet. TEMA SINERGIE operated on
110 VAC/50 A (North America) power and used RJ45 Ethernet
for networking.
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Table 1. From the detailed comparison of three ADDS models from three companies based on common technical specifications
and other features found out that each model of ADDS have different specifications.

Description

Specifications

RESCUEDOSE

OMICELL

TEMA SINERGIE

Compounding
Capabilities

Transfers, dilutions (including QS), and

reconstitutions with high end accuracy
Minimum dose 0.5ml

Gravimetric controls provide exceptional
Dose accuracy

accuracy

Yield >95%

Sterility ISO 14644-1 Class 3

Air flow Neg?tlve pressure ISO 3 first airflow
loading chamber

Ventilation No recirculation

Throughput Up to 40 preparations per hour

Weight 660 kg

Size 1.01 x 1.25x 1.42 m

Power 220VAC/15A

Networking RJ45 Ethernet

Dilutions and reconstitution

Direct dilution and

reconstitution
0.5 ml 1 ml
Fully programmable by drug Not specified
>90% Not specified

ISO 14644-1 class 5
Positive pressure compounding chamber
No recirculation

Up to 35 preparations per hour

ISO 14644-1 Class 7

Positive pressure balanced
chamber

No recirculation

Up to 35 preparations per
hour

850 ke 1,100 ke

171 % 113 %232 m 1% 1.53 x 1.96 m

110VAC/30A[ America] I1OVAC/S0A [North
America]

RJ45 Ethernet

RJ45 Ethernet

Table 2. Cost comparison.

Cost heads/ TEMA
company name RESCUDOSE  OMNICELL w0 -0
Machine cost 36,000 49,000 42,000
Software gnd 4,000 6,000 5. \
programming cost
Total cost 40,000 55,001 %
r
Cost comparison
In a detailed cost comparison (Table 2),

RESCUEDOSE emerged as the most budget-friendly option,
costing $40,000, making it an excellent choice for smaller
healthcare organizations, or those looking to minimize upfront
expenses. OMNICELL, offering advanced features, came at
a higher total cost of $55,000, making it suitable for facilities
with more extensive needs and resources. TEMA SINERGIE,
striking a balance between cost and functionality, presented a
competitive option with a total cost of $47,000, making it a
competitive choice for organizations seeking both affordability
and quality.

Payback period analysis

To assess the financial feasibility of each machine, the
payback period was calculated using the formula mentioned
above. RESCUEDOSE had the shortest payback period at 1.46
years, indicating a rapid return on investment. OMNICELL’s
payback period was slightly longer at 1.92 years, justifiable
for facilities seeking advanced features. TEMA SINERGIE
presented a balanced payback period of 1.6 years, making it a
competitive choice for those seeking affordability and quality.

005

TN
@%ﬂ these findings, RESCUEDOSE was

s€ a preferred model due to its low cost, fast return
on ingestment, high-end specifications, and suitability for the

spital’s requirements. It also has certifications under the

sian Regional Cooperative Council for Nuclear Medicine
(ARCCNM), safety clearance from the International Atomic
Energy Agency (IAEA), and is a certified manufacturer of robotic
drug dispensing systems for handling radiopharmaceuticals in
the Asian region. CERMET Certification for quality assurance,
easy availability, and transportation to India Compared to other
vendors.

Additional features and maintenance

RESCUEDOSE’s partnership with US-based ec2
Software Solutions to integrate its robotics with ec2’s Bio Dose
medical software boost aims to produce a system that automates
the entire nuclear medication-dispensing process, from
calculating doses to administering the drug. RESCUEDOSE’s
management software is user-friendly and easily integrated
with existing medical IT infrastructure. It offers remote
dispensing capabilities, enhancing its utility. The total cost of
RESCUEDOSE, including all components, was approximately
$42,716.14 (Table 3).

A dedicated field engineering team supports
maintenance for RESCUEDOSE. Daily, weekly, and monthly
cleaning protocols are recommended, similar to primary
engineering controls. The machine has a 3-year warranty, with
additional comprehensive maintenance contract (CMC) charges
applicable beyond the initial warranty period. CMC charges
apply during the 4th, 5th, and 6th years as 3.5%, 4.5%, and 5.5%
of the equipment’s original cost, ranging from $1,500 to $2,500.
The maintenance protocol of RESCUEDOSE is mentioned in
Table 4, where P refers to performed.
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Table 3. Details of the cost of RESCUEDOSE ADDS (according to
Israel value added taxes authority 8% tax for exporting goods).

Category Cost $
Machine cost 34,494.66
Software interface cost 3,825.58
Compounding systems 89.16
Value added taxes 4,306.74
Total cost 42,716.14
Table 4. Maintenance protocol of RESCUEDOSE.
Daily Weekly Monthly  Yearly
Cleaning protocols P P P
UV sterilization P
Air treatment qualification As Required
HEPA filter replacement
Periodic maintenance
Staff Nurses,
13%
N
N\
B Technicians,
\ 23%

Figure 1. Number of staff handling dangerous radioisotopes in department.

The breakeven point for RESCUEDOSE was
calculated to be 1,668 procedures per month or 55 procedures
per day, indicating the volume required to achieve breakeven
within the machine’s payback period of 1.46 years.

Figure 1 illustrates the number of staff members
handling dangerous radioisotopes in the department, indicating
the need for an ADDS to enhance safety. Figure 2 shows
the common radioisotopes used in the Nuclear Medicine
Department, with Tc-99 being the most commonly employed
for nuclear imaging procedures.

Staff perceptions

In assessing staff perceptions gathered via the
interview, it was found that a significant portion of staff (59%)
favored the hospital’s implementation of the new ADDS in
the department. Only 36% expressed concerns about potential
financial constraints, while 5% did not offer a distinct opinion.

Most staff (50%) working in the nuclear medicine
department had less than three years of experience, while
only 22% had more than ten years of experience handling

26%
- Tc-99

1-131

Cs-137

23 1-123

Figure 2. Commonly using radioisotopes in the department.

radioisotopes. All the staff (100%) showed the need for an
ADDS to handle dangerous isotopes in the nuclear medicine
department, with 86% acceptance of the implantation of a new
ADDS.

DISCUSSION

In thlS ection, we delve into the results and
1mphcat10ns r feasibility analysis for implementing
%\ clear medicine department of a resource-

@5 r evaluation focused on three distinct ADDS
models: CUDOSE, OMNICELL, and TEMA SINERGIE.

ompounding capabilities and specifications

Our analysis revealed that RESCUDOSE excels
in compounding capabilities, dose accuracy, and sterility
compared to OMNICELL and TEMA SINERGIE. The
high precision and reliability of RESCUDOSE make it a
favorable choice for ensuring the accurate administration of
radiopharmaceuticals in nuclear medicine. The significance of
dose accuracy and sterility cannot be overstated in a medical
context, particularly in radiopharmaceutical applications where
precision is paramount.

Throughput and efficiency

Throughput emerged as a critical factor in our
evaluation. It directly impacts the operational efficiency of the
nuclear medicine department. Our data clearly showed that
RESCUDOSE outperforms the other models in this regard,
with a capacity of 40 preparations per day, while OMNICELL
and TEMA SINERGIE lag at 30 preparations per day. This
higher throughput of RESCUDOSE translates to faster and
more efficient medication preparation, which can be vital in
critical patient care situations.

Machine specifications and performance

We also considered factors such as the weight of the
machine, its physical size, power requirements, and networking
capabilities. Collaborating with biomedical engineers, we
reached a conclusive comparison of specifications and
performance. Based on these categories, our analysis identified
RESCUDOSE as the most feasible and best-suited model
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for our nuclear medicine department. Its compact size, lower
power requirements, and efficient networking capabilities align
well with the department’s needs and limitations.

Financial implications

Turning our attention to the financial aspects, we drew
insights from previous studies conducted in different healthcare
settings. In Spain, a comprehensive cost-benefit analysis
encompassed factors such as capital investment, staff costs,
inventory expenses, and drug use policies. The results of this study
indicated that expenses associated with implementing ADDSs
were offset by significant cost savings, mainly driven by drug
use policies. This underscores the potential financial benefits of
adopting automated systems in critical care and emergency units.

A parallel study in France highlighted the economic
implications of implementing ADDSs in intensive care units.
It substantially reduced nursing staff time spent on medication-
related tasks, allowing for more patient-centered interactions.
These findings emphasize the transformative potential of
automated systems in healthcare environments, improving
operational efficiency and patient care quality.

Enhancing medication safety

Another French study focused on the impact of
automated drug distribution systems on medication error rates
within a geriatric unit. After implementing an automated system,
itrevealed a 53% reduction in medication administration errors.
Reducing errors is particularly crucial for elderly patients who
require precise and accurate medication management. .

In the UK, research explored strategies for ghieldi
handsduringthe preparationandinjection of’ radiopharma%&
Syringe shields significantly reduced finger 0
dose rate peaks. These findings underscorg
technology and protective measures in enl
accuracy within healthcare practices.

o8¢ red
% ance of
ncipg safety and

Radiation safety and efficiency

Studies conducted in Belgium and the UK examined
the impact of automated dispensing and injecting systems during
positron emission tomography (PET) procedures in nuclear
medicine. These studies revealed substantial reductions in whole-
body and extremity doses for staff, highlighting automation’s
efficiency and safety benefits in radiopharmaceutical handling.

Radiation safety in nuclear imaging

A review article from India stressed the importance
of radiation safety in nuclear imaging and radionuclide
therapy. It called for heightened awareness and meticulous
implementation of safety measures, emphasizing the need to
keep radiation exposure levels as low as reasonably achievable
for all stakeholders.

Efficiency in radiopharmaceutical handling

Research from India focused on time-reducing
exposure containment during 18-FDG master vial dispensing.
The study introduced an improved method for dispensing FDG
18, reducing procedure time and limiting radiation exposure
to technologists. These findings highlight the significance

of adopting improved techniques for handling radioactive
materials to enhance radiation safety practices.

User acceptance and recommendations

We assessed the acceptability of new ADDSs among
nuclear medicine staff through interviews and questionnaires.
Most staff expressed a positive attitude and willingness to adopt
this technology, indicating the importance of staff acceptance
for successful integration.

Recommendations for implementation

Our research project has identified RESCUDOSE as
a financially and operationally feasible ADDS model for our
nuclear medicine department. To proceed with implementation,
we recommend conducting a comprehensive market and
technical feasibility study to ensure alignment with market
demands and hospital capabilities.

Strategic marketing efforts, including informative
brochures and pamphlets, can generate interest in automated
technology among the public, attracting individuals seeking
nuclear medicine procedures and services.

We also stress the importance of regular awareness
sessions on radioactive safety and occupational hazards for
hospital staff to %nce staff well-being and foster a safety

culture.
@ considering the potential for enhanced

effiyieticy precision, we propose that implementing ADDS
can Wignificantly benefit our nuclear medicine department,

@pemally with the impending introduction of PET scan

ervices.

Limitations and future directions

While our study demonstrates the feasibility of
implementing ADDS in our department, we acknowledge that
its findings are limited to our specific context. Future research
should explore the broader applicability of ADDS in different
hospital types and settings.

In the ever-evolving healthcare landscape, automation
emerges as a strategic step toward a safer, more efficient,
and more patient-centric future. ADDSs have the potential
to revolutionize healthcare practices by enhancing safety,
minimizing errors, and optimizing resource utilization. By
embracing automation, healthcare institutions can provide more
accurate diagnoses and safer treatments and elevate the quality
of patient care, aligning with the evolving demands of modern
healthcare.

CONCLUSION

Scientific evidence strongly supports the multifaceted
nature of selecting a pharmaceutical compounding system
in healthcare facilities. Carefully evaluating unique needs,
budget constraints, and the available scientific literature
is essential for making informed decisions. Minimizing
upfront expenses with systems like RESCUEDOSE remains
a viable strategy that does not compromise medication safety.
Simultaneously, advanced features and customization, as
OMNICELL exemplifies, are crucial in high-complexity
healthcare settings.
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A balanced approach, as seen with TEMA
SINERGIE, aligns with scientific consensus by considering
both cost and functionality, optimizing resource allocation
for pharmaceutical compounding while ensuring medication
precision and patient safety. Each of these pharmaceutical
compounding systems boasts its own strengths and areas
of specialization. RESCUEDOSE excels in accuracy and
throughput, making it suitable for high-demand settings.
OMNICELL offers precise dosing and flexibility in drug
programmability. Meanwhile, TEMA SINERGIE, though
providing direct dilution and reconstitution, may lack certain
detailed specifications.

When choosing among these systems, healthcare
facilities must carefully evaluate their specific compounding
needs, space constraints, and budgetary considerations. The
choice ultimately hinges on whether precision, sterility,
or throughput are the highest priorities within a particular
pharmacy or hospital setting.

A cost comparison among RESCUEDOSE,
OMNICELL, and TEMA SINERGIE illustrates that each system
has a unique pricing structure. RESCUEDOSE stands out as an
affordable choice, thus accessible to many healthcare facilities.
OMNICELL, though relatively pricier, may offer advanced
programming and features that justify the investment for some
organizations. Meanwhile, TEMA SINERGIE positions itself
as a cost-effective solution with competitive pricing, making it
a compelling option for those seeking a balance between cost
and functionality.

The selection of a pharmaceutical com
system in healthcare facilities should be an 1nf0rme
driven by carefully considering budgetary constr
needs, and the desired level of automa
integration with existing systems. The ev1dence
underscores the importance of this multifact d approach in
enhancing patient safety, medication accuracy, and operational
efficiency in the healthcare setting.
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