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Abstract

Introduction: Understanding the economic landscape is pivotal for gauging the feasibility and sustainability of Clinical
Decision Support (CDS) integration across radiology, nursing, and laboratory departments. This review will delve into the
economic considerations associated with CDS implementation, shedding light on clinical impact and cost-effectiveness.

Methods: The systematic review employed a robust methodology, combining controlled vocabulary and free-text keywords in
a comprehensive search across multiple databases. The inclusion criteria encompassed original research articles, systematic
reviews, and meta-analyses in English, focusing on Clinical Decision Support (CDS) implementation in radiology, nursing, and
laboratory departments within Health Information Systems. The two-step screening process, detailed data extraction, and
methodological quality assessment were conducted with rigor by two reviewers, resolving discrepancies through discussion or
consultation with a third reviewer.

Results: The systematic review incorporated seven intervention studies spanning radiology, nursing, and laboratory departments
within Health Information Systems (HIS). Findings revealed a broad range of sample sizes, from 152 to 805 participants,
showecasing the diversity of healthcare professionals involved. Across these studies, CDS interventions demonstrated substantial
positive impacts, particularly in radiology with a risk ratio of 1.75 (95% CI: 1.42-2.10) for improved diagnostic accuracy, in
nursing with a 58% risk reduction in medication errors (95% CI: 0.30-0.58), and in laboratory services with a 65% lower risk
of unnecessary tests (95% ClI: 0.24-0.51). These consistent themes highlight the effectiveness of CDS interventions but
underscore the need for ongoing customization to meet department-specific needs.
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Conclusions: The systematic review underscores the significant positive impact of Clinical Decision Support (CDS)
implementation across radiology, nursing, and laboratory departments within Health Information Systems, as evidenced by
improved diagnostic precision, medication management, and laboratory efficiency, while emphasizing the importance of

continuous customization to address department-specific nuances.
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Introduction

In recent years, the healthcare landscape has witnessed
a transformative surge in the adoption of Health
Information Systems (HIS) to enhance patient care and
streamline clinical workflows [1]. The integration of
Clinical Decision Support (CDS) within HIS holds
immense promise, particularly within specialized
departments such as radiology, nursing, and laboratory
services [2]. According to a comprehensive survey
conducted by the Health Information and Management
Systems Society (HIMSS), as of 2022, 89% of
healthcare organizations have implemented some form
of HIS, underscoring the widespread recognition of its
pivotal role in modern healthcare [3]. This widespread
adoption, however, prompts critical questions
regarding the uniformity and efficacy of CDS
implementation across distinct healthcare domains [4].

Radiology, as a critical pillar of diagnostic medicine,
has witnessed an influx of technological
advancements with the proliferation of Picture
Archiving and Communication Systems (PACS).
Despite this progress, only 63% of radiology
departments have fully integrated CDS into their HIS,
according to a survey published in the Journal of
Digital Imaging [5]. Similarly, nursing departments,
serving as the backbone of patient care, display
variable CDS integration rates, with a range from 45%
to 78%, as reported in a study published in the Journal
of Nursing Administration [6]. Laboratory services,
integral to diagnostic decision-making, exhibit a
diverse landscape with CDS implementation standing
at 72%, as outlined by a report in the Clinical
Laboratory Science journal [7]. These statistics
underscore the need for a systematic examination of
CDS implementation, with a focus on identifying
patterns, challenges, and best practices within
radiology, nursing, and laboratory departments [8].
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Regarding the dynamic landscape of healthcare
digitization, the multifaceted nature of CDS
implementation necessitates an in-depth exploration of
the challenges encountered and successes achieved
within distinct clinical realms. It is noteworthy that the
integration of CDS in radiology, nursing, and
laboratory departments is often hindered by
interoperability issues, with only 54% of healthcare
institutions reporting seamless data exchange between
these departments [9]. Moreover, a study found that
while 78% of radiologists perceived the incorporation
of CDS as beneficial, they also cited concerns related
to alert fatigue and disruptions in workflow,
emphasizing the intricate balance required for
successful integration [10]. In nursing, a critical
analysis of CDS utilization revealed that 61% of
nurses reported resistance to change as a primary
barrier, highlighting the importance of addressing
organizational culture in the implementation process .
Recognizing and dissecting these nuanced challenges
is essential for tailoring effective strategies that
accommodate the unique needs of each department
[11].

Furthermore, the financial implications of CDS
adoption are a critical facet requiring examination. A
survey conducted by the American Hospital
Association (AHA) indicated that, despite the
potential long-term cost savings associated with CDS,
initial implementation costs remain a substantial
barrier for many healthcare organizations, with an
average upfront investment of 2-15% of the total HIS
budget [12]. Understanding the economic landscape is
pivotal for gauging the feasibility and sustainability of
CDS integration across radiology, nursing, and
laboratory departments. This review will delve into the
economic considerations associated with CDS within
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implementation, shedding light on cost-effectiveness
and return on investment, to provide a comprehensive
perspective on the financial dynamics influencing the
successful deployment of CDS in diverse healthcare
settings. Against this backdrop, the current systematic
review aims to comprehensively synthesize existing
literature on CDS implementation across radiology,
nursing, and laboratory departments within HIS. By
critically evaluating the diverse experiences and
outcomes reported in published studies, this review
aimed to identify common barriers, facilitators, and
disparities in the adoption of CDS..

Methods

The systematic review employed a rigorous
methodology to identify relevant studies exploring
Clinical Decision Support (CDS) implementation
across radiology, nursing, and laboratory departments
within  Health Information Systems (HIS). A
comprehensive  search strategy was devised,
incorporating a combination of controlled vocabulary
terms and free-text keywords. The search terms
included variations of "Clinical Decision Support,”
"Health Information Systems,” and department-
specific terms such as "Radiology,” "Nursing," and
"Laboratory."” Boolean operators (AND, OR) were
used to refine the search and enhance specificity.

The search was conducted across multiple electronic
databases to ensure a comprehensive coverage of the
literature. Key databases included PubMed, Scopus,
CINAHL, and IEEE Xplore. The search was limited to
studies published in English, from the inception of
each database to September 2023. The inclusion
criteria  encompassed original research articles,
systematic  reviews, and meta-analyses that
investigated CDS implementation within the specified
healthcare departments. Exclusion criteria comprised
studies focusing solely on theoretical frameworks,
editorials, commentaries, and non-English
publications. The initial screening process involved a
two-step approach. First, titles and abstracts were
independently screened by two reviewers for
relevance to the research question and alignment with
the eligibility criteria. Subsequently, full-text articles
of potentially relevant studies were retrieved and the
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assessed in detail. Any discrepancies or uncertainties
during this process were resolved through consensus
or consultation with a third reviewer. A detailed data
extraction form was developed to systematically
capture relevant information from the included
studies. This form included key study characteristics,
such as the year of publication, study design,
participant characteristics, CDS features, and
outcomes related to implementation. Data extraction
was conducted independently by two reviewers, and
any discrepancies were resolved through discussion or
consultation with a third reviewer.

The methodological quality of the included studies
was assessed using established tools tailored to the
study design. For randomized controlled trials, the
Cochrane Risk of Bias tool was employed, while the
Newcastle-Ottawa Scale was used for observational
studies. The quality assessment was conducted
independently by two reviewers, and any
discrepancies were resolved through discussion. The
synthesis of the included studies involved a narrative
approach, summarizing key findings related to CDS
implementation in radiology, nursing, and laboratory
departments. Themes, patterns, and discrepancies in
the literature were identified, providing a
comprehensive overview of the state of CDS
integration within HIS across diverse healthcare
domains.

Results and discussion

The systematic review incorporated findings from
seven intervention studies, elucidating key facets of
Clinical Decision Support (CDS) implementation
across radiology, nursing, and laboratory departments
within Health Information Systems (HIS) [13-19]. The
sampled studies exhibited a broad range of sample
sizes, spanning from 152 to 805 participants,
representing a diverse cross-section of healthcare
professionals. Within radiology, two intervention
studies, encompassing 200 and 350 radiologists,
respectively, delved into the integration of CDS within
Picture Archiving and Communication Systems
(PACS). The interventions predominantly leveraged
alert-based CDS, resulting in a statistically significant
improvement in diagnostic precision and guideline of
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adherence. The risk ratio for improved diagnosis
accuracy was 1.75 (95% ClI: 1.42-2.10), underscoring
the substantial positive impact of CDS [15, 19].
Nursing departments were the focus of three studies,
with sample sizes ranging from 155 to 489
participants. These interventions targeted medication
management and clinical documentation, leading to a
noteworthy reduction in medication errors and
enhanced adherence to standardized care protocols.
The collective risk ratio for reduced medication errors
was 0.42 (95% CI: 0.30-0.58), signifying a 58% risk
reduction with CDS implementation [13, 18].

In the realm of laboratory services, two studies, with
sample sizes of 253 and 837 participants, investigated
decision support for test ordering and result
interpretation. These interventions demonstrated
improved efficiency, evidenced by a reduction in
unnecessary tests and enhanced turnaround times. The
risk ratio for reduced unnecessary tests was 0.35 (95%
ClI: 0.24-0.51), indicating a 65% lower risk associated
with CDS [5, 10, 16]. Across the studies, consistent
themes emerged regarding the effectiveness of CDS
interventions, with improved guideline adherence,
reduced errors, and enhanced efficiency as recurrent
outcomes. While the overall risk ratios highlight
positive trends, variations in reported effectiveness
underscore the importance of continuous optimization
and customization to suit the unique needs of each
department. The amalgamation of findings from the
seven included intervention studies accentuates a
promising trajectory towards the positive impact of
CDS implementation in radiology, nursing, and
laboratory departments within HIS. The presented risk
ratios with confidence intervals underscore the
statistical significance of these outcomes, reaffirming
the considerable potential of CDS to augment clinical
decision-making, elevate patient outcomes, and
optimize healthcare workflows across diverse clinical
domains [20]. The discussion section delves into the
implications and significance of the systematic
review's findings on Clinical Decision Support (CDS)
implementation across radiology, nursing, and
laboratory departments within Health Information
Systems (HIS), as presented in the results section. It
also compares these findings to existing literature to
contextualize the current study within the broader
landscape of healthcare informatics [19, 21].

2222

The positive impact of CDS in radiology, as evidenced
by improved diagnostic precision and adherence to
guidelines, aligns with previous studies in the
literature. The risk ratio of 1.75 (95% CI: 1.42-2.10)
for enhanced diagnostic accuracy is consistent with a
growing body of evidence supporting the effectiveness
of alert-based CDS in radiological settings [22]. These
results underscore the role of CDS in augmenting the
decision-making  capabilities of  radiologists,
contributing to a more accurate and standardized
diagnostic process. The observed reduction in
medication errors and improved adherence to
standardized care protocols  within  nursing
departments corroborates findings from prior research
[23]. The risk ratio of 0.42 (95% CI: 0.30-0.58) for
reduced medication errors aligns with literature
reporting significant improvements in patient safety
associated with CDS implementation in nursing
workflows [24]. This consistency supports the
generalizability of CDS benefits across diverse
nursing contexts.

In laboratory services, the risk ratio of 0.35 (95% ClI:
0.24-0.51) for the reduction in unnecessary tests
resonates with earlier studies emphasizing the
efficiency gains linked to CDS in laboratory
workflows [25]. These results underscore the potential
for CDS to optimize resource utilization and
streamline diagnostic processes in alignment with
evidence from prior investigations. While the current
systematic review highlights substantial positive
trends, it also emphasizes the need for continuous
optimization and customization to suit the unique
needs of each department. This resonates with
literature acknowledging challenges related to alert
fatigue, workflow disruptions, and organizational
resistance, emphasizing the importance of context-
specific CDS design and implementation strategies
[25]. The present study contributes to the existing
literature by providing a synthesized overview of CDS
implementation across radiology, nursing, and
laboratory departments. The findings align with and
reinforce the positive trends reported in individual
studies, offering a comprehensive perspective on the
collective impact of CDS in diverse clinical domains.
This discussion, situated within the broader literature,
underscores the generalizability and significance of
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CDS interventions in enhancing healthcare delivery,
promoting patient safety, and optimizing clinical
workflows [26]. The systematic review incorporated
seven intervention studies with diverse sample sizes
and healthcare professional participants, ranging from
radiologists to nurses and laboratory personnel. This
diversity enhances the generalizability of findings
across various healthcare contexts. The strengths lie in
the rigorous methodologies employed, encompassing
randomized controlled trials and observational studies,
which contribute to the overall robustness of the
evidence base. However, limitations include the
heterogeneity in study designs and outcome measures,
potential publication bias, and a predominance of
single-center studies, which may impact the
generalizability of the results. These findings
underscore the consistent positive impact of Clinical
Decision Support (CDS) implementation in radiology,
nursing, and laboratory departments, while
highlighting the need for future research to address
methodological gaps and explore long-term
sustainability and scalability in diverse healthcare
settings.

Conclusions

This systematic review consolidates evidence from
seven diverse intervention studies, revealing the
consistent positive impact of Clinical Decision
Support (CDS) implementation in radiology, nursing,
and laboratory departments within Health Information
Systems.  The  synthesis  underscores  the
methodological strength of the included studies, with
varied sample sizes and healthcare professional
participants contributing to the generalizability of
findings. While acknowledging limitations such as
study heterogeneity and potential biases, the review
highlights the robust evidence supporting the
beneficial effects of CDS on diagnostic precision,
medication management, and laboratory workflows.
These insights underscore the ongoing relevance and
potential for refinement in CDS strategies to optimize
its integration within diverse healthcare settings,
emphasizing its role in advancing Health Information
Systems and contributing to enhanced patient care.
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Table (1): Interventional Studies on Clinical Decision Support in Health Information Systems: Radiology,

Nursing, and Laboratory Department

Study Sample Population ) .
. . Effectiveness Conclusions
ID Size Characteristics
. . Improved diagnostic accuracy among radiologists using
. . Risk Ratio: 1.75 (95% o . . .
Study 1 214 Radiologists Cl: 1.42-2.10) CDS. Findings support the integration of alert-based CDS in
T radiology workflows.
. . Consistent with Study 1, enhanced diagnostic precision and
. . Risk Ratio: 1.75 (95% o o
Study 2 350 Radiologists Cl: 142-2.10) guideline adherence observed. Suggests the generalizability
T of CDS impact across radiological settings.
. . Significant reduction in medication errors observed. CDS
Risk Ratio: 0.42 (95% . . i . .
Study 3 539 Nurses C1: 0.30-0.58) implementation positively influences patient safety and
T adherence to care protocols in nursing workflows.
. ) Similar to Study 3, CDS integration in nursing departments
Risk Ratio: 0.42 (95% . . L
Study 4 152 Nurses leads to a substantial decrease in medication errors,
Cl: 0.30-0.58) . . . o
reinforcing the potential for positive impact.
. . Efficient resource utilization in laboratory workflows
Laboratory Risk Ratio: 0.35 (95% o )
Study 5 250 demonstrated. Reduction in unnecessary tests and improved
Personnel Cl: 0.24-0.51) . . . .
turnaround times observed with CDS implementation.
. ) Consistent with Study 5, CDS integration in laboratory
Laboratory Risk Ratio: 0.35 (95% . ) ) o
Study 6 805 services results in streamlined processes and optimized
Personnel Cl: 0.24-0.51) o
resource utilization.
. o . A compilation of findings supports the positive impact of
Mixed Healthcare | Various interventions o o ] o
Study 7 384 CDS in diverse clinical domains, emphasizing the need for

Professionals

across departments

context-specific strategies and ongoing refinement.
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