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Abstract: Study purpose: This study aims to investigate the impact of CDSS on patient safety through
the experiences of nursing staff. Methods: As the study intends to arrive at specific conclusions on
the perceptions of nurses on the impact of CDSS on patients’ safety, a cross-sectional quantitative
survey design is adopted in this study. The Hospital Survey of Patients” Safety Culture (HSOPSC)
was used in this study to assess the influence of CDSS on various factors of patient safety. A total
of 473 nurses from eight hospitals in Saudi Arabia participated in this study. Results: The PRR
of ‘team work within units” was identified to be the highest (65.9%), followed by ‘hands-off and
transitions’ (64.7%), ‘overall patents safety” (64.1%), and ‘frequency of reports’ that were corrected
(61.1%). Communication openness (27.9%) achieved the lowest PRR; while team work across units
(2.82) achieved the lowest mean score. Conclusion: The CDSS needs to be integrated with other
interventions that promote communication and develop a supportive and cooperative culture among
the nurses for ensuring a positive patient safety culture in Saudi Arabian hospitals.

Keywords: nurses; nurse manager; clinical decision support systems; decision-making; patient safety;
Saudi Arabia

1. Introduction

Patient safety is of paramount importance within the realm of healthcare, forming
the cornerstone of high-quality and effective medical services. Ensuring patient safety not
only preserves the physical well-being of individuals but also safeguards their emotional
and psychological welfare [1,2]. When healthcare facilities prioritize patient safety, they
establish an environment where medical errors, adverse events, and preventable harm
are minimized. This leads to increased trust between patients and healthcare providers,
encouraging patients to seek timely medical attention and adhere to treatment regimens [3-5].
Moreover, a robust culture of patient safety reduces the financial burden on healthcare
systems by lowering the costs associated with litigation, rehospitalization, and extended
care resulting from avoidable errors [6]. Overall, patient safety serves as the ethical and
professional duty of healthcare institutions, driving continuous improvement in practices,
protocols, and communication to guarantee the best possible outcomes for those under
their care [7].

Patient safety is not just a desirable aspect of healthcare; it is an ethical imperative that
underscores the commitment to the well-being and dignity of every individual seeking
medical assistance. Beyond the physical implications, patient safety holds the key to estab-
lishing trust and confidence between patients and healthcare providers [8]. When patients
feel secure in the knowledge that their safety is a top priority, they are more likely to engage
openly with healthcare professionals, share accurate information about their condition, and
actively participate in their treatment plans [9]. In the broader context, prioritizing patient
safety contributes significantly to the overall effectiveness and efficiency of healthcare
systems. By implementing robust safety protocols and guidelines, healthcare facilities can
substantially reduce the occurrence of medical errors, adverse events, and infections [10,11].
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This not only prevents unnecessary suffering but also conserves valuable medical resources
and reduces the strain on healthcare personnel. Patient safety practices also have financial
implications, as they help to curtail the financial burden of compensations for medical
errors, lengthy legal battles, and repeated hospitalizations that arise due to preventable
incidents [6].

Furthermore, a culture of patient safety fosters a continuous learning environment
within healthcare organizations [12]. Each reported error or near-miss event becomes an
opportunity for analysis, introspection, and improvement. This culture of transparency
encourages healthcare providers to collaborate, share insights, and adapt protocols to
prevent similar incidents from occurring in the future [8]. However, the occurrence of
adverse events has emerged as one of the most significant challenges facing hospital
patients’ safety and the quality of care they receive. They are defined by the World Health
Organization as mistakes that happen during nursing care and result in measurable injury
or damage to the patient that is not related to the underlying disease [13]. These types
of occurrences can include mistakes with medication or equipment, delays in taking
therapeutic options, incorrect diagnoses, infections, lost devices, and others [14], all of
which have the potential to exert a detrimental influence on the safety and quality of care
provided to patients. In the United States, mistakes made by medical professionals are the
third leading cause of death [15]. In addition, they are the cause of disability, injury, and
even death among patients all over the world [16], in addition to driving up the expenses of
medical treatment and hospitalization in developing as well as industrialized nations [14,17].
Even though there have been numerous advancements in medical treatment and diagnosis,
adverse events (AEs) continue to be a major concern for both hospital personnel and
patients. This is due to the fact that medical treatments and diagnoses are frequently
extremely complicated and may be influenced by a wide variety of factors, including human
error and hospital infrastructure [14]. Estimates of the incidence rate of adverse events (AEs)
in various nations can be found in an expanding body of research literature. For example, a
recent meta-analysis found that 2.9 to 21.9% of patients have experienced adverse events
(AEs) [14]. According to estimates provided by Kang et al. (2016), 36-57% of nurses have
reported experiencing at least one of the four AEs in the preceding 12 months [18]. Another
study conducted in China found that between 47.8 and 75.6% of nurses experienced AEs
in the preceding year [19]. Recent research conducted on a national scale in Iran found
that 29.1% of nurses had encountered AEs in the preceding six-month period [20]. The
frequency of AEs in Iran was estimated to be between 10 and 80 percent in 2019, according
to a systematic review [17]. Another systematic analysis consisting of 48 research works
and employing the Global Trigger Tool came to the conclusion that the incidence of AEs
ranged anywhere from 7% to 40% [21].

Mistakes are sometimes unavoidable; these mistakes occur when a barrier in the
system that involves them is breached, and this can happen at any point between the initial
purchase of the material and its subsequent administration. If this is the case, then placing
blame on individuals or engaging in punitive behavior will not be effective in preventing
adverse events (AEs). It is essential to place an emphasis on system improvement in
order to increase the safety of patients [22]. The protection of patients was considered
by industry professionals to be the most important factor in determining the quality of
medical care. Because of this, they put in a significant amount of effort to strengthen
patient safety systems, including the way that professionals view the need to maintain
a culture that prioritizes patient safety. The concept of patient safety culture is defined
as “management and staff values, beliefs, and norms about what is important in a health
care organization, how organization members are expected to behave, what attitudes and
actions are appropriate or inappropriate, and what processes and procedures are rewarded
and punished, concerning patient safety” [22]. In this context, the CDSS can be an effective
intervention to address the issues in patient safety, as it aids nurses and other healthcare
providers in effective decision-making and work management.



Safety 2023, 9, 86

30f12

Studies [23-27] have identified that a CDSS can provide significant benefits to nurses
by enhancing their ability to deliver safe, efficient, and effective patient care. Major ben-
efits include: (a): enhanced decision-making: they provide nurses with evidence-based
recommendations and guidelines, assisting them in making informed decisions about
patient care. These systems can suggest appropriate interventions, drug dosages, and
treatment plans, helping nurses adhere to best practices and reducing the risk of errors;
(b) efficiency and time savings: CDSS can streamline workflows by providing quick access
to patient information, relevant research, and treatment options; (c) continuing education
by providing necessary learning resources; (d) interdisciplinary collaboration: the CDSS
facilitates communication and collaboration among healthcare team members, allowing
nurses to share information, assessments, and care plans more easily; (e) the CDSS can
automate certain documentation tasks, reducing the administrative burden on nurses;
(f) support for complex cases: in cases where patients have multiple chronic conditions or
complex medical histories, the CDSS can help nurses to navigate the complexities of care
by providing relevant information and guidance.

CDSSs play a pivotal role in enhancing patient safety by offering healthcare profes-
sionals real-time, evidence-based insights at the point of care. These systems utilize patient
data and clinical knowledge to provide tailored recommendations for diagnosis, treatment,
and medication management [28]. By alerting physicians to potential drug interactions,
allergies, or contraindications, CDSS minimizes medication errors [29]. Additionally, CDSS
aids in the early detection of medical conditions through predictive analytics, enabling
timely interventions. With access to comprehensive patient histories and medical literature,
healthcare providers can make informed decisions, reducing diagnostic errors [30]. Overall,
CDSS could act as a reliable partner to clinicians and nurses, offering timely and accurate
information that ultimately leads to improved patient outcomes and reduced risks [31].

Conducting research on the influence of CDSS on patient safety is crucial to validate
its benefits, identify challenges, and inform healthcare practices. Empirical evidence
quantifies the CDSS’s positive influence on areas like medication errors and diagnostic
accuracy, guiding effective implementation. It justifies resource allocation, garnering
support, and funding for CDSS integration. The dissemination of findings enhances
medical knowledge, fostering evidence-based practices among healthcare professionals.
Ultimately, such research advances patient safety, aligning technological innovation with
improved healthcare outcomes. Therefore, this study aims to investigate the impact of
CDSSs on patient safety through the experiences of nursing staff.

2. Methods

As the study intends to arrive at specific conclusions on the perceptions of nurses on
the influence of CDSSs on patient safety, a cross-sectional quantitative survey design is
adopted in this study.

2.1. Study Setting and Participants

Five public and three private hospitals in Saudi Arabia were considered for the study.
Prior approval was taken from the registered entity at these hospitals for conducting
the study. All registered nurses at these hospitals with one or more years of experience
are considered for the study. An online survey questionnaire approach is adopted for
improving the accessibility and comfort for nurses to express their opinions freely.

2.2. Questionnaire Design
2.2.1. Demographic Questionnaire
The demographics and work variables of participants included questions related to

gender, age, marital status, working unit, educational level, work experience (years) and
work time (hours per week), and hospital size (number of beds).
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2.2.2. Patient Safety Culture

A pre-validated and academically recognized Hospital Survey of Patients” Safety Cul-
ture (HSOPSC) [22] was used in this study to assess the impact of CDSSs on various factors
of patient safety including “Communication openness” (3 items), “Feedback and communi-
cation about errors” (3 items), “Frequency of events reported” (3 items), “Handoffs and
transitions” (4 items), “Management support for patient safety” (3 items), “Non-punitive
response to error” (3 items), “Organizational learning/continuous improvement” (3 items),
“Opverall perception of patient safety” (4 items), “Staffing” (4 items), “Supervisor/manager
expectations and actions promoting safety” (4 items), and “Teamwork across and within
units” (4 items) through a five-point Likert rating scale. A pilot study was conducted with
seven nursing students at Imam Abdulrahman Bin Faisal University. Cronbach’s alpha was
then calculated for all of the factors and found to be greater than 0.7 for all items, which
indicated a good internal consistency and reliability [32]. The questionnaire is designed
using Google forms, and a survey link is generated for collecting the data.

2.3. Recruitment and Sampling

Registered nurses from five public and three private hospitals were considered for
the study. A participants’ information sheet is attached along with the invitation email
(containing survey link), explaining the rights of the participants. As the participants
are purposively recruited from eight hospitals, convenience and purposive sampling
techniques were adopted [33]. The estimated sample for the study was calculated using
Cochran’s formula [34] at a 0.05 confidence interval, resulting in an estimated sample
of 382.

2.4. Data Collection

The invitation email with a survey link and participants’ information sheet was
forwarded to the head of nursing departments at the eight hospitals, who further forwarded
the email to the registered nurses at the respective hospitals. At the end of four weeks, a
total of 473 nurses had participated in the study.

2.5. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Institutional Review Board of Imam Abdulrahman Bin Faisal University (IRB-2023-
04-291 on 17 July 2023).” All the participants were fully informed about the study through
an information sheet attached with the invitation email. Informed consent was taken from
all the participants using a check button, before starting the survey. The participation
was voluntary and the participants were assured of their anonymity and their rights with
respect to the data.

2.6. Data Analysis

As most of the data collected were numerical, statistical techniques such as means,
relative frequencies, and standard deviations were used for analyzing the general data.
Positive response rates (PRRs) were calculated by dividing the participants who rated 3 or
more for each patient safety dimension by the total number of participants. Furthermore,
Microsoft SPSS was used to conduct t-tests and one-way ANOVAs for comparing the
significant differences between the participants’ groups.

3. Results

Table 1 presents the demographic information of the participants. The majority of
the participants were females (70.6%) and were married (73.6%). Also, the majority of the
participants were aged between 20 and 29 years (53.9%), followed by 28.8% between 30
and 39 years. Most of the participants had graduated with a diploma (47.8%), followed by
a bachelor’s degree (28.8%).
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Table 1. Participants demographics.
Variables N Relative Frequency
Male 139 29.4%
Gender
Female 334 70.6%
20-29 255 53.9%
30-39 136 28.8%
Age
40-49 73 15.4%
50-59 9 1.9%
Single 109 23.0%
Marital status Married 348 73.6%
Widowed/divorced 16 3.4%
Diploma 226 47.8%
Bachelor’s degree 136 28.8%
Education Master’s degree 83 17.5%
Doctoral degree 6 1.3%
Other 22 4.7%
Nurse manager 104 22.0%
Role
Staff nurse 369 78.0%
1-2 49 10.4%
3-6 201 42.5%
Work experience (in years)
7-10 129 27.3%
>10 94 19.9%
<10 14 3.0%
11-20 62 13.1%
Working hours per week
21-40 223 47.1%
>40 174 36.8%

The majority of the participants had work experience between three and six years
(42.5%), followed by 27.3% between seven and ten years, and 19.9% having more than ten
years of work experience. Most of the participants work for 21 to 40 h per week (47.1%),
followed by 36.8% working more than 40 h per week. Among the participants, 78% were
staff nurses and 22% were nurse managers.

The positive response rates (PRRs) and mean scores of the impact of CDSSs on patient
safety culture dimensions are presented in Table 2. The mean scores for the dimensions
ranged between 2.82 and 3.77; and the PRRs ranged between 27.9% and 65.9%. The impact
of CDSSs is mostly realized in dimensions including organizational learning and continu-
ous improvement (mean score = 3.77), team work within units (mean score = 3.58), overall
improvement in patient safety (mean score = 3.58), an increased rate of frequency of reports
that were caught and corrected (mean score = 3.55), and hands-off and transitions (mean
score = 3.51). The PRR of ‘team work within units’ was identified to be the highest (65.9%),
followed by ‘hands-off and transitions’ (64.7%), ‘overall patients safety’ (64.1%), and “fre-
quency of reports’ that were corrected (61.1%). Communication openness (27.9%) achieved
the lowest PRR; while team work across units (2.82) achieved the lowest mean score.
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Table 2. The mean scores and positive response rate of the impact of CDSS on patient safety culture

dimensions.

Patient Safety Culture Dimensions Mean PRR Judgement
Team work within units 3.58 65.9% High impact
Supervisor/manager expectations and actions promoting patient safety — 3.28 47.9% Medium impact
Organizational learning—continuous improvement 3.77 47.1% High impact
Management support for patient safety 3.41 53.9% Medium impact
Feedback and communication about error 3.33 40.8% Medium impact
Communication openness 2.83 27.9% Low impact
Frequency of reports 3.55 61.1% High impact
Team work across units 2.82 31.9% Medium impact
Staffing 3.37 55.6% Medium impact
Hands-offs and transitions 3.51 64.7% High impact
Non-punitive responses to errors 3.46 35.7% Medium impact
Overall perceptions of patient safety 3.58 64.1% High impact

To further analyze if there existed any differences in the perceptions of staff nurses and
nurse managers, t-tests were conducted on patient safety culture dimensions (See Table 3). A
statistically significant difference (p< 0.05) was observed in relation to ‘Supervisor/Manager
Expectations and Actions Promoting Patient Safety” (p = 0.0444), ‘Organizational Learning-
Continuous Improvement’ (p = 0.0014), ‘Overall Perceptions of Patient Safety” (p = 0.0037),
and ‘non-punitive responses to errors’ (p = 0.0409).

Table 3. Difference of perceptions between nurse managers and staff nurses.

Patient Safety Culture Dimensions Groups N Mean SD df t-Value p-Value
Nurse 369 3.58 0.84
Team work within units 32 1.5639 0.0638
Nurse manager 104 3.28 0.63
Supervi‘sor / manager expectations and actions Nurse 369 341 0.72 30 1.7581 0.0444 *
promoting patient safety Nurse manager 104 3.06 0.81
Nurse 369 3.98 1.15
Organizational learning—continuous improvement 30 32311  0.0014*
Nurse manager 104 3.18 1.28
Nurse 369 3.44 0.73
Management support for patient safety 28 1.108 0.1386
Nurse manager 104 3.69 1.12
Nurse 369 3.54 0.8
Overall perceptions of patient safety 38 2.8204  0.0037 *
Nurse manager 104 3.99 0.46
Nurse 369 3.37 0.53
Feedback and communication about error 28  1.2098 0.1182
Nurse manager 104 3.61 0.82
Nurse 369 2.8 1
Communication openness 31 050903  0.3071
Nurse manager 104 291 1.04
Nurse 369 3.59 0.51
Frequency of reports 29 0.29418  0.3853
Nurse manager 104 3.65 0.75
Nurse 369 2.89 1.04
Team work across units 37 2.8442 0.0036

Nurse manager 104 2.37 0.62
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Table 3. Cont.
Patient Safety Culture Dimensions Groups N Mean SD df t-Value p-Value
) Nurse 369 3.26 1.09
Staffing 33 021132 0.4169
Nurse manager 104 3.31 0.91
Nurse 369 3.51 0.59
Hands-offs and transitions 31 0.71352  0.2404
Nurse manager 104 3.85 0.61
. Nurse 369 4.51 0.15
Non-punitive responses to errors 34 1.7928  0.0409 *
Nurse manager 104 4.65 0.12

* Statistically significant difference; SD: standard deviation; df: degrees of freedom.

The mean patient safety grade achieved after using the CDSS was calculated to be 3.56
with a PRR of 56.4%, indicating a medium-to-high impact. To compare the patient safety
culture dimensions and patient safety grade perceived, Pearson correlation coefficients
were calculated (Table 4), which indicated a strong positive relationship between ‘team
work within units” and “patients safety grade’” (R = 0.7262). However, a weak positive
relationship was identified between patients’ safety grade and all other remaining patient

safety culture dimensions.

Table 4. Correlations between patient safety culture dimensions and patient safety grades.

Patient Safety Culture Dimensions

Pearson Correlation with Patient Safety Grade

Team work within units 0.7262
Supervisor/Manager Expectations and Actions Promoting Patient Safety ~ 0.2911
Organizational Learning-Continuous Improvement 0.1289
Management Support for Patient Safety 0.1144
Overall Perceptions of Patient Safety 0.0113
Feedback and Communication About Error 0.0161
Communication openness 0.0105
Frequency of reports 0.1217
Team work across units 0.1731
Staffing 0.0524
Hands-offs and transitions 0.0241
Non-punitive responses to errors 0.0444

As shown in Figure 1, there is a high frequency of event reporting that can be observed
among the participants, as most of them reported 11-20 events (49.1%) or 6-10 events

(36.9%) in the past 12 months.
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Figure 1. Number of adverse events reported.

4. Discussion

To the best of the author’s knowledge, this is the first comprehensive research to
determine the impact of CDSSs on patient safety through the experiences of nursing staff in
Saudi Arabia, where the rapid digitalization of healthcare infrastructure has been observed
as a part of the Vision 2030 program [35]. Considering the findings, the PRR for the overall
impact of CDSSs on patients safety was calculated to be 64.1%, indicating a significant
influence of CDSSs on improving patient safety. The PRR scores for a few dimensions such
as feedback and communication about error, non-punitive response to errors, team work
across units, and communication openness were less than 50%, indicating a low influence
of CDSSs in these areas. This may be attributed to the factors such as ineffective leadership,
a blame culture, workload/inadequate staffing, and poor communication hindering a
positive patient safety culture as identified in a recent systematic review on patient safety
in Saudi Arabia [36]. These issues may be addressed by supervisor/managers actions and
through management support; however, both of these dimensions were identified to be
less effective in a few settings in Saudi Arabia [37].

The findings in this study were similar to the findings of previous studies [38-44]
conducted in different settings of Saudi Arabia, which have identified dimensions includ-
ing team work within units, organizational learning and continuous improvement, the
frequency of reports, and overall patient safety with high PRRs. Although these dimen-
sions achieved high PRRs in this study, there are slight differences with the mean scores
and PRRs identified in other studies in Saudi Arabia. The PRRs of dimensions including
organizational learning and continuous improvement achieved in this study were lower
compared to the findings in [33-35,38]. Contradicting results were observed in relation
to non-punitive errors [33], team work within units [40], management support [41], and
feedback and communication errors [37,38]. Compared to the low-scored dimensions in
previous studies [39-44], which include communication openness, feedback and commu-
nication about errors, teamwork across units, and hands-off and transitions, this study
observed that these dimensions are better scored both in terms of mean scores and PRRs,
indicating the positive impact of CDSSs on the poorly rated dimensions in the previous
studies. The contrasting results may be attributed to different settings in different studies
and varying perceptions of the participants. Accordingly, the differences in the nurses and
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nurse managers in this study could be identified in managers” action plans, non-punitive
response to errors, and overall patient safety indicating the influence of attitudes, organi-
zational leadership, and culture on the nurses, affecting their perceptions. Accordingly, a
strong positive correlation was identified between the ‘team work within units” dimension
and the overall patient safety grade, while other dimensions like management support
and communication openness reflected a very weak positive relationship. However, it is
interesting to observe the good frequency of reporting observed among the nurses.

CDSSs have been found to improve adherence to clinical guidelines, which can result
in improved patient safety [44]. This is noteworthy because it highlights the challenges
inherent in implementing conventional clinical guidelines and treatment pathways in
practice, where poor levels of adherence have been documented [45,46], which could
increase the risk of AEs” occurrence. A failure to read, comprehend, and apply new
standards has been attributed to healthcare practitioners [28]. However, CDSSs can be
encoded with the rules that are just implied in guidelines. Such CDSSs may take the
form of standardized order sets for a certain case, alerts to a specific protocol for the
patients to whom it applies, testing reminders, and so on. For example, a CDSS equipped
with glucose monitoring can alert nurses to take readings at different times; and also the
digited and personalized CDSSs can facilitate easy hand-offs and transitions minimizing
the errors during the change in shifts. In addition to identifying patients suitable for
study based on specified criteria, CDSSs can also notify doctors/nurses to reach out to
patients who have not followed management plans or are due for follow-up [28]. It has
been observed that the use of CDSSs has resulted in an 80% reduction in the occurrence of
adverse drug events [29], and decreased medication errors [47,48]. A recent scoping review
on patient safety research in Saudi Arabia has observed that a lack of preparedness and
issues in integrated learning are the major factors affecting patient safety [30]. Accordingly,
another study [48] investigating patient safety has observed that most of the dimensions
considered were performing at international benchmarks, with a few performing better
than the benchmarks. To improve the performance on several composites of patient
safety, CDSSs could be an effective interventional approach, supporting the front-end
staff such as nurses in ensuring a positive patient safety culture by empowering them in
enhanced decision-making, improved efficiency, and time savings, providing consistent
care, enhanced collaboration with other teams, reduced documentation, and support in
complex cases [23-27].

As far as the researcher knows, this is the first study to examine the effect of CDSSs on
nurses’ perceptions of the frequency of adverse events (AEs) in a Saudi Arabian hospital
setting. Even though the study benefited from a number of strengths, including a large
sample size (eight hospitals in Saudi Arabia participated), some caveats should be taken
into account when analyzing the results. To begin, we enlisted nurses via a method of
sampling at our discretion. However, multiple locations were chosen to broaden the
applicability of the results. Second, the patients” own opinions of their own safety culture
and the frequency with which AEs occur underpin the study’s conclusions. There may
be an exaggeration or underestimation of adverse events (AEs) or patient safety culture
items by nurses if they are afraid of repercussions from hospital management. Finally, the
study’s cross-sectional design meant that it could only provide a snapshot in time, which
dampened the ability to draw causal inferences. To fully analyze the influence of CDSSs on
patient safety culture and establish causation, additional study utilizing alternative research
designs, such as longitudinal and controlled studies, is required. In conclusion, this study
relied on potentially inaccurate nurse estimations of AE frequencies in its assessment of
those frequencies.

5. Conclusions

This study examined the influence of CDSSs on patients’ safety from the perspectives of
nurses. The findings illustrated that CDSSs could effectively improve various patient safety
culture dimensions such as team work within units and continuous learning. In addition,
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other dimensions including communication openness, feedback and communication about
errors, teamwork across units, and hands-off and transitions, which achieved low PRRs
in previous studies were significantly improved in the current study findings, indicating
the positive influence of CDSSs. The findings in this study contradicted previous studies’
findings in a few contexts, which may be due to the different settings and participants
used. It must be understood that while CDSSs can be effective in different patient safety
dimensions, there are a few behavioral contexts which need to be managed by effective
leadership and management support in order to ensure patient safety. The CDSS needs
to be integrated with other interventions that promote communication and develop a
supportive and cooperative culture among the nurses. For instance, a non-punitive culture
could foster nurses’ initiative to report AEs willingly, as opposed to the prevalent culture
of blaming and penalizing healthcare staff for AEs, which can help in developing a positive
patient safety culture.
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