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ABSTRACT

Artificial Intelligence (Al) is increasingly integrated into dialysis nursing to enhance patient monitoring, early
detection of complications, and optimization of individualized care plans. AI-based systems analyze real-time
patient data such as blood pressure, fluid balance, and vascular access performance to predict adverse events
like hypotension or infection before they occur. Despite these advancements, the integration of Al into nursing
practice remains limited by challenges in data interpretation, staff training, and ethical considerations. This
systematic review aimed to examine recent evidence on the role of artificial intelligence in dialysis nursing,
focusing on its effectiveness in predicting complications, improving clinical decision-making, and optimizing
patient care outcomes. Following PRISMA guidelines, the review included peer-reviewed studies published
between 2019 and 2024. Articles were identified through databases such as PubMed, Scopus, and Google
Scholar, using keywords related to Al, dialysis, nursing, and predictive analytics. Studies were screened based
on inclusion criteria emphasizing nursing interventions supported by Al, prediction of dialysis complications,
and outcomes related to patient safety and efficiency of care planning. A total of 15 studies met the inclusion
criteria. Evidence suggests that Al applications significantly enhance early prediction of hypotensive episodes,
infection risks, and vascular access complications. Integrating Al into nursing workflows improved response
time, individualized fluid management, and reduced hospital readmissions. Howeuver, barriers such as lack of
Al literacy among nurses and system integration issues persist. Overall, artificial intelligence has the potential
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to revolutionize dialysis nursing by enabling predictive and personalized care. Empowering nurses through Al-
driven tools enhances patient safety, clinical accuracy, and efficiency in care planning. Continuous education,
ethical oversight, and interdisciplinary collaboration are essential for successful implementation and
sustainability of Al-based interventions in dialysis care.

KEYWORDS: Artificial Intelligence, Dialysis Nursing, Predictive Analytics, Patient Safety, Complication
Prevention, Care Optimization.
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1. INTRODUCTION

Artificial Intelligence (AI) has emerged as a
transformative approach in healthcare, enabling
advanced predictive analytics and individualized
patient management. In dialysis nursing, Al holds
promise for forecasting intradialytic complications
(such as hypotension, vascular access problems),
guiding fluid balance decisions, and tailoring care
plans for each patient (Kotanko et al., 2023).

Nurses form the backbone of dialysis care
delivery, and integrating Al-driven decision support
tools can enhance their capacity to anticipate adverse
events, intervene earlier, and reduce patient risk
(Using Artificial Intelligence Resources in Dialysis
and Kidney..., 2020). For instance, a study on “Early
prediction of hemodialysis complications employing
ensemble techniques” used machine learning to
predict hypotension, hypertension, and dyspnea
with high accuracy (Othman et al., 2022).

Challenges such as data heterogeneity,
interoperability, nurses’ technical literacy, and
algorithm explainability must be addressed before
widescale adoption (How artificial intelligence is
transforming nephrology, 2024). Ethical concerns
regarding patient privacy, algorithmic bias, and
responsibility in decision-making also require careful
consideration (American Nurses Association. 2022).

This Systematic Literature Review (SLR) aims to
identify, evaluate, and synthesize evidence on how
Al is wused in dialysis nursing to predict
complications and optimize care plans. The review
will examine AI models” predictive performance,
integration in nursing workflows, and impacts on

patient outcomes and safety.
2. THE OBJECTIVES OF THE RESEARCH

e To identify and evaluate the role of Artificial
Intelligence (Al) in predicting complications
such as hypotension, infection, and vascular
access dysfunction among dialysis patients.

e To analyze how Al-assisted nursing
interventions improve clinical decisionmaking
and patient safety outcomes.

e To assess the effectiveness of integrating Al
systems in optimizing dialysis care plans
through predictive analytics and evidence-
based recommendations.

e To explore challenges and  ethical
considerations  faced by nurses in
implementing Al within dialysis settings.

3. METHODOLOGY

This Systematic Literature Review (SLR) follows
the PRISMA 2020 guidelines to ensure a rigorous and
transparent process.

The review focused on identifying peer-reviewed
research articles, clinical trials, and systematic
reviews published between 2019 and 2024, which
examine the use of Artificial Intelligence in dialysis
nursing for predicting complications and optimizing
care outcomes.

3.1. Inclusion and Exclusion Criteria

The below Table shows the inclusion and
exclusion criteria for the article selection.

Table 1: Caption.

Criteria Inclusion Exclusion
Peer-reviewed journals, RCTs, Non-peer-reviewed papers
Study Design observational studies, and systematic e ewed papers,
. . . editorials, opinion articles
reviews using Al in
dialysis careStudies involving dialysis
Study Population patients and nursing practices Studies not involving Al or dialysis
supported
Timeframe by AlPublications between 2019-2024 Studies published before 2019
Language English-language publications Non-English articles
Al applications in dialysis nursing,
Focus predictive analytics, patient safety, Studies unrelated to Al or nursing interventions
and care
Setting 0ptimizati(.)nHos'pital'-base?d and Non-dialysis settings
outpatient dialysis units

3.2. Search Study

The systematic search was conducted using major
scientific databases such as PubMed, Springer, and
Google Scholar, focusing on studies exploring the

intersection of Al and dialysis nursing.

The search terms were

“Artificial Intelligence” AND “Dialysis Nursing”
AND “Predicting Complications” AND “Patient
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Safety” AND “Care Optimization”.

Table 2: Caption.

Years Search Engines

Keywords

2019-2024

Science Direct
CINHAL
Medline
Scopus

PubMed, Springer, Google Scholar

Artificial Intelligence, Dialysis, Nursing, Patient
Safety, Predictive Analytics
Nurse patient Communication
Hemodialysis Safety
Infection Control
Hemodialysis Nursing

3.3. Selection of Studies

The selection process involved a thorough
screening of published literature from databases such
as PubMed, CINAHL, Scopus, Web of Science, and
Google Scholar, focusing on studies between 2019-
2024.

The process included duplicate removal,
eligibility checks, and review of study abstracts to
identify relevant papers focusing on Al in dialysis
nursing. Keywords used included: “Artificial
Intelligence,” “Dialysis Nursing,” “Predicting
Complications,” “Patient Safety,” and “Care
Optimization.”

A total of 245 studies were initially retrieved, with
32 meeting inclusion criteria after screening.
Following detailed review, 12 studies were selected
for final synthesis (see Figure 1 - PRISMA Flow
Diagram).

3.4. Data Extraction

Data were extracted systematically from each
selected article using a standardized form. Extracted
variables included study design, sample size, Al
model used, type of complication predicted, outcome
measures, and nursing implications.

Priority was given to studies that demonstrated
direct clinical relevance specifically, those showing
how Al-supported nursing interventions could
prevent dialysis-related complications or improve
patient safety indicators (e.g., hypotension, infection,
or vascular access dysfunction).

3.5. Data Analysis

A thematic analysis approach was applied to
synthesize the findings.

The studies revealed four dominant themes

1. Predictive Accuracy: Al models using machine
learning (e.g., Random Forest, CNN, XGBoost)
showed over 85% accuracy in predicting
intradialytic =~ hypotension and vascular
complications (Othman et al., 2022).

2. Clinical Integration: Al-supported alert
systems improved early nursing responses and

reduced emergency interventions by 25%
(Kotanko et al., 2023).

3. Workflow Optimization: Nurses using Al
dashboards demonstrated improved patient
monitoring  efficiency = and = reduced
documentation time (Hsieh et al., 2023).

4. Ethical and Practical Barriers: Issues related to
algorithm transparency, privacy, and lack of
training were commonly noted barriers to
adoption (Tran et al., 2024).

3.6. Prisma Model

The PRISMA flow diagram summarizes the study
selection and filtering process. Out of 245 initially
identified records, 180 were excluded (due to
duplication or irrelevance), leaving 65 articles for
eligibility screening. After full-text review, 12 studies
were included in the final analysis.

!

Idarrification of new studies via databases and

Identification of new studies via other

reglaters methods
l Records removed before Records identl
Records identificd gcreening: from:
from®*:
Duplicate records removed [0 = Wabsibes (n = 30)

Datatases n =250 (40

Identification

Regsbers (n = 245) Records marked &% insligible by

autormation {cals (n = 0)

ficd

Organizations (n=20)

Ctatian searching (n =

<«

|

o
£ | Recomds screened (n = |__>| Records excuded® n= |
8
o
o
[72]
Studies sought for retrieval —>| Stucies nol redieved 0= |
Studies excluded:
Studies assecsed Tor —
Limifed relevance o patienc:
o safaly i = 10]
3
3 Quverdapping shudies (0= 5)
o
<
- Total studies Incleded "\ltﬂ-.‘ﬂﬂrﬂiﬂﬂhlﬂ irersertions (n

I review (n = 12)

Figure 1: Prisma FlowModel.
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4. RESULTS
Table 3: Table Caption.
No Authors & Year Methods Findings

Systematic literature review on Al in

Reported machine learning algorithms

Kotanko et al., 2023 L predicting complications with >85% accuracy;
hemodialysis care s .
emphasized integration
— . challenges.Demonstrated prediction
Othman et al., 2022 Quantitative study applying ensemble Al of intradialytic hypotension and hypertension
models - . .
with high precision and improved
nursing interventions.Showed enhanced
Albreiki et al., 2023 Clinical evaluation of AI. dashboards in dialysis N nurse .
units efficiency, reduced response time, and
improved patient safety
outcomes.Identified privacy, data
Hueso & Vellido, 2024 Qualitative study on ethical concerns in Al | bias, and lack of nurse training as key barriers

to

American Nurses

useReview of predictive AI models for renal
Association. 2022 care

Al adoption.Highlighted Al as a tool
for early detection of vascular access infection
and optimization of dialysis prescriptions.

Machine learning-based prediction model

Developed an Al-based risk prediction tool

Burlacu et al., 2020  |for intradialytic hypotension using patient vital achieving 87% accuracy in predicting
data; multicenter hypotension during dialysis sessions.
study.Systematic Highlighted the role of Al'in detecting

Chaudhuri et al., 2021 | review on Alassisted hemodialysis care using |vascular access dysfunction and infection risk,
PRISMA enhancing patient safety and
guidelines.Comparative evaluation of deep workflow efficiency. CNN model achieved
Dong et al., 2023 learning models (CNN vs. XGBoost) for superior sensitivity (89%) in forecasting fluid
predicting dialysis-related overload and blood pressure instability.
complications.Clinical Integration of Al dashboards improved nurse
Hsieh et al., 2023 implementation study of Al dashboards in response time by 25% and decreased error
dialysis nursing units. rates in patient monitoring.
litati d lorine ethical and clinical Identified issues of data privacy, algorithm
Kim et al., 2022 Qua 1ta]t31 ves tudy exp ormg ethica” and ciuica transparency, and the need for training
arriers of Al use in nephrology .
programs for nursing
. - . staff.Confirmed Al-based prediction
Lee et al., 2021 care.Meta-analysis of Al prediction models in significantly improved earlypdetection of

renal replacement therapy.

vascular access thrombosis and infection

This table elucidates recent researches that focus
on the safety of patients, practices of nursing, and
care quality inhemodialysis and associated settings,
utilizing different techniques and databases.

Key findings are approaches to improve
safetyculture, like training of nurses, proactive
identification of risk, and communication
enhancement (Kotanko et al., 2023), while emerging
evidence emphasizes the integration of Artificial
Intelligence (Al) technologies as a transformative tool
in nursing practice. Al-based systems have shown
significant ~ potential in  predicting patient
complications, optimizing dialysis parameters, and
supporting evidence-based decision-making (Kim et
al., 2022).

Moreover, Al-driven analytics enable nurses to
detect early signs of infection, vascular access
dysfunction, and hemodynamic instability, thereby
improving preventive interventions and overall
patient safety (Dong et al., 2023).

These studies collectively highlight that
combining traditional nursing safety practices with
Al-assisted tools enhances the efficiency, accuracy,
and responsiveness of care delivery in dialysis
settings, fostering a modern safety culture built upon
data-driven insights and predictive precision.

5. DISCUSSION

5.1. Importance of Artificial Intelligence in
Dialysis Nursing

Artificial Intelligence (Al) plays a critical role in
enhancing patient safety and improving the quality
of care in dialysis nursing. Al applications have
demonstrated remarkable ability in predicting
complications (Page et al., 2021).

By utilizing machine learning and predictive
analytics, nurses are empowered with real-time
insights that enable earlier interventions and
improved decision-making accuracy.

The integration of Al tools into daily nursing
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workflows also reduces cognitive workload and
supports clinical prioritization, thereby minimizing
human errors (Othman et al., 2022).

5.2. The Role of Al-Driven Safety Culture in
Dialysis Units

A strong Al-driven safety culture ensures the
consistent use of data-supported protocols that
enhance patient outcomes. When nurses adopt Al
systems as part of their practice, alignment with
evidence-based safety guidelines becomes more
achievable, and decision accuracy improves
significantly (Yang et al., 2024). Al-assisted systems
also promote continuous learning by identifying
recurrent risks and suggesting tailored preventive
measures that uphold safety culture standards.

5.3. Impact of Staff Training and Nurse-Al
Collaboration

The effective integration of AI technologies
depends largely on adequate staff training and
collaboration between nurses and Al tools. Well-
trained nurses using Al decisionsupport systems
have demonstrated higher efficiency in monitoring
patient vitals, predicting fluid shifts, and responding
to alarms (Yun et al., 2023). Studies highlight that
nurse-Al collaboration fosters confidence in
decision-making and leads to a 25- 30% reduction in
complication-related incidents.

5.4. Addressing Disparities in Safety Outcomes

The progress of Al in dialysis care, disparities still
exist in the accessibility and utilization of these
technologies. Facilities with limited Al integration
tend to have inconsistent safety outcomes due to
variations in training, infrastructure, and system
interoperability (Lee et al., 2021). Bridging this gap
requires institutional policies supporting Al
adoption, training programs, and cross-disciplinary
collaboration to ensure equitable patient safety.

5.5. AI-Based Strategies for Early Complication
Detection

Al-based algorithms have proven particularly
effective in detecting early signs of vascular access
failure, infection, and hemodynamic instability.
Machine learning models trained on continuous
patient data can forecast adverse events up to 60
minutes before onset, giving nurses a crucial window
for intervention (Kotanko et al., 2023). This proactive
prediction enhances patient stability and reduces
hospitalization rates by improving the timeliness of
nursing responses.

5.6. Ethical and Practical Considerations

Al holds immense promise, concerns remain
regarding data privacy, algorithmic bias, and over-
reliance on automation (Kim et al., 2022). Ethical
implementation  requires  transparent  data
governance, validation of Al outputs, and ongoing
human oversight. Nursing professionals must
balance the benefits of automation with patient-
centered judgment to preserve empathy and holistic
care in dialysis settings.

5.7. Training Programs for Al-Enhanced
Dialysis Care

Continued training programs that integrate
Artificial Intelligence (AI) applications into dialysis
nursing have proven essential in building nurses’
digital competence and analytical readiness.
Simulation-based learning and Al-assisted clinical
workshops enable nurses to interpret predictive
alerts and data trends with greater accuracy, thereby
improving their ability to anticipate complications
before they escalate (Chaudhuri et al., 2021).

5.8. Effective Nurse-Al Communication

Effective interaction between nurses and Al-
driven monitoring systems is crucial for ensuring
safety in dialysis units. Through continuous data
interpretation and feedback loops, nurses can
understand Al-generated recommendations and
align them with patient-specific conditions (Burlacu
etal., 2020). This dynamic communication minimizes
clinical ~ uncertainty and  supports timely
interventions in the management of fluid balance,
vascular access, and blood pressure regulation.

5.9. Structured AI-Driven Safety Strategies in
Dialysis

Structured use of Al decision-support tools has
demonstrated significant improvement in treatment
adherence and complication prevention. Studies
have shown that when nurses integrate Al
dashboards and predictive alerts into daily
workflows, early detection of vascular access
malfunction and infection risks increases by over
30% (Albreiki et al, 2023). These systems help
prioritize high-risk patients, allowing proactive care
planning and reduced hospitalization rates.

5.10. Culturally Adaptive Al Systems for
Patient Diversity

Recent evidence highlights the importance of
developing Al models that are culturally adaptive
and linguistically inclusive, particularly in
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multinational  dialysis populations.  Al-driven
translation and communication support tools
facilitate clearer nurse-patient understanding,

improving adherence to complex treatment protocols
(Dong et al., 2023). Such inclusivity strengthens
patient engagement and safety outcomes.

5.11. Psychological Support through Empathetic
Al Interfaces

Al technologies are now being applied to address
the psychological dimensions of dialysis. Al-enabled
chatbots and virtual counseling platforms provide
empathetic communication that reduces anxiety and
depression levels among dialysis patients
(Chaudhuri et al., 2021). These systems augment
nursing care by maintaining continuous patient
support between sessions, thereby enhancing mental
well-being and treatment compliance.

5.12. Challenges in Nursing Practice with Al
Integration

Impact of Technological Gaps on Patient Safety:
Although Al offers transformative advantages,
uneven access to technology remains a major
obstacle. Many dialysis centers lack the
infrastructure or data literacy required for effective
Al deployment (Dong et al., 2023). This limitation can
delay real-time responses and create disparities in
patient safety outcomes.Data Governance and
Ethical Barriers: Data privacy and algorithmic bias
present additional challenges to the safe adoption of
Al systems. Ensuring transparency, informed
consent, and continuous algorithm validation are
vital for preserving ethical integrity and patient trust
(Hueso & Vellido, 2024).

5.13. Leadership and Team Dynamics

Transformational Leadership in Al-Integrated
Dialysis Units: Transformational leadership is
pivotal in establishing a culture of safety and
innovation within Alintegrated dialysis units.
Leaders who promote collaboration between IT
specialists and nursing teams foster accountability
and collective learning, improving the successful
implementation of predictive systems (Kim et al.,
2022). Strong leadership ensures that Al adoption
aligns with ethical standards, evidence-based
nursing protocols, and patient.

5.14. The Role of Interdisciplinary Collaboration in
Al-Integrated Dialysis Safety

In Al-integrated dialysis settings,
interdisciplinary collaboration significantly enhances
patient outcomes by combining nursing expertise

with data science and medical analytics. Teams that
include nurses, nephrologists, data analysts, and IT
specialists can optimize Al systems for clinical
decision-making and predictive safety monitoring
(Hueso & Vellido, 2024). Regular interdisciplinary
reviews of Al-generated alerts facilitate timely
discussion of potential complications and ensure
coordinated, evidence-based interventions (Kotanko
et al., 2023).

5.15. Structured Al Safety Protocols

Implementation of Al-Based Safety Checklists:
Al-driven safety checklists that automatically flag
high-risk patients and recommend interventions
have been shown to improve consistency in dialysis
care. Al-based workflow systems reduce omission
errors and enhance adherence to infection prevention
protocols by 28% (Lee et al., 2021). The integration of
predictive analytics within these checklists allows
nurses to make timely, data-informed decisions that
mitigate procedural risks. Root Cause Analysis
through Al Algorithms: By applying Al-supported
root cause analysis, healthcare teams can identify
underlying systemic factors contributing to dialysis
complications. Machine learning tools detect error
patterns invisible to traditional audits, enabling
targeted prevention strategies and continuous
process improvement (Othman et al., 2023).

5.16. Knowledge Gaps and Digital Literacy

Impact of Al Literacy on Clinical Adherence:
Digital literacy among nurses directly affects their
ability to interpret Al recommendations and act upon
predictive insights. Studies show that insufficient Al
literacy correlates with slower response times and
reduced adherence to safety protocols (Kotanko et
al, 2023). Educational Programs to Bridge Al
Literacy Gaps: Continuous education through
simulation labs, visual dashboards, and real-time Al
training has proven to enhance nurses’
comprehension and confidence in using predictive
technologies, leading to improved patient outcomes
(Kim et al., 2022 ; Hueso & Vellido, 2024).

5.17. Integration of Evidence-Based Al Practices

Benefits of AI-Guided Dialysis Adjustments:
Evidence-based Al applications, such as adaptive
hemodialysis algorithms, personalize ultrafiltration
rates and optimize treatment duration to minimize
hemodynamic instability (Yun et al., 2023). These
systems improve quality of life and reduce
unplanned hospitalizations by supporting precise,
individualized care.

Training Programs for Al Implementation:
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Structured Al training programs enable nurses to
interpret analytics outputs correctly and integrate
them into real-time patient management (Tran et al.,
2024). Adequate training ensures safe, ethical, and
efficient adoption of Al tools across dialysis units.

5.18. Technological Innovations in Al-Driven
Dialysis Nursing

Advanced Predictive Models and Smart Systems:
The adoption of advanced AI models has
transformed dialysis safety management. Predictive
technologies enhance nurses’ situational awareness,
reduce workload, and increase early response
accuracy (Page et al., 2021).The Importance of
Continuous Evaluation and Human Oversight:
Despite automation, maintaining human oversight
remains essential. Continuous monitoring of Al
systems and human verification of alerts ensure
accountability, ethical compliance, and sustained
patient-centered care (Yang et al., 2024).

6. CONCLUSION

Artificial Intelligence (AI) more efficient dialysis
nursing by enabling early prediction of
complications and supporting data-driven decisions.
Evidence shows that Al tools predictive alerts,
adaptive recommendations, and real-time
dashboards enhance nurses’ responsiveness and
patient outcomes (Dong et al., 2023). Adoption is
constrained by gaps in Al literacy, data-governance
concerns, and resource disparities across units (Tran
et al, 2024). Prioritizing focused training, clear
ethical frameworks, and interdisciplinary
collaboration will help integrate Al alongside clinical
judgment.

7. RECOMMENDATIONS

¢ Implement standardized Al training programs
for nurses to strengthen competence in
interpreting predictive analytics and applying
Al-based clinical recommendations.

o Integrate Al-assisted checklists and data
dashboards into routine dialysis workflows to
enhance adherence to safety protocols and
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