VER

Vascular & Endovascular Review

Improving Paediatric Patient Outcomes with Augmented Reality: A Systematic Review of
Clinical Evidence

Faisal Rashid Alzahrani!, Lamyaa Ahmed Alshamrani?, Mashael Mohammed Otayni?, Fatmah Ahmad Alzahrani?,
Norah Yehya Farhan’, Ghaiah Mohamed Ali Alasmary®, Noha Saud Almuwallad’

"Head of Nursing Education & Training and Research, Children Hospital, Taif, Kingdom of Saudi Arabia
2Supervisor Nursing, Children Hospital, Taif, Kingdom of Saudi Arabia
3 Assistant Nursing Director, Children Hospital, Taif, Kingdom of Saudi Arabia
“Nursing Administration, Children Hospital, Taif, Kingdom of Saudi Arabia
3Clinic Instructor, Children Hospital, Taif, Kingdom of Saudi Arabia
’Nursing Administration, Children Hospital, Taif, Kingdom of Saudi Arabia
"Clinic Instructor, Children Hospital, Taif, Kingdom of Saudi Arabia

Corresponding Author
Faisal Rashid Alzahrani, Email Id: fisalrz@hotmail.com

ABSTRACT

Augmented Reality (AR) has emerged as a transformative tool in paediatric healthcare, offering immersive and interactive
experiences that can alleviate anxiety, enhance procedural compliance, and improve overall patient outcomes. This systematic
review synthesizes clinical evidence from peer-reviewed studies published between 2013 and 2024 to evaluate the efficacy of AR
interventions in paediatric settings. Following PRISMA guidelines, we screened 45 studies and included 10 that met predefined
criteria for methodological rigor and relevance. The selected studies span diverse clinical environments, including emergency
departments, oncology units, and rehabilitation centers. AR applications ranged from distraction techniques during painful
procedures to educational tools for chronic disease management and preoperative preparation. Across studies, AR interventions
consistently demonstrated positive effects on emotional well-being, pain perception, and patient engagement. Notably, AR-based
distraction reduced procedural pain by up to 40%, while preoperative AR experiences significantly lowered anxiety levels in both
children and their caregivers. Despite promising results, limitations such as small sample sizes, lack of long-term follow-up, and
variability in AR platforms highlight the need for more standardized and large-scale randomized controlled trials. Future research
should explore integration with wearable technologies and personalized AR experiences to optimize clinical impact. This review
underscores the potential of AR to revolutionize paediatric care by making medical experiences more tolerable, informative, and
engaging for young patients. As technology continues to evolve, AR stands poised to become a cornerstone of child-centered
healthcare innovations.
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INTRODUCTION

Technological innovation in healthcare has accelerated the adoption of immersive tools like Augmented Reality (AR) and Mixed
Reality (MR). Paediatric healthcare presents unique challenges that demand innovative, child-centered approaches to improve
clinical outcomes and patient experiences. Children often experience heightened anxiety, fear, and discomfort in medical
environments due to unfamiliar procedures, separation from caregivers, and limited understanding of their condition. These
emotional responses can hinder cooperation, delay treatment, and negatively impact recovery. As healthcare systems strive to
become more empathetic and effective, emerging technologies like Augmented Reality (AR) offer promising solutions to
transform pediatric care.Augmented Reality is a form of immersive technology that overlays digital content onto the real world,
enabling interactive and engaging experiences. Unlike Virtual Reality (VR), which immerses users in a fully simulated
environment, AR enhances the physical world by integrating visual, auditory, and sometimes tactile stimuli. This distinction is
particularly important in clinical settings, where maintaining awareness of the real environment is crucial. AR applications in
healthcare have expanded rapidly, encompassing areas such as surgical planning, medical education, rehabilitation, and patient
engagement. In paediatric care, AR’s potential is especially compelling due to its ability to captivate young minds, reduce
procedural stress, and facilitate understanding through play-based learning. The integration of AR into paediatric medicine aligns
with broader trends in digital health and personalized care. As mobile devices, wearables, and smart sensors become more
accessible, AR platforms can be deployed with minimal infrastructure, making them suitable for hospitals, outpatient clinics, and
even home-based care. Moreover, AR experiences can be tailored to developmental stages, cultural contexts, and individual
preferences, enhancing their relevance and effectiveness. For example, an AR app might transform a blood draw into a game
where children “rescue” animated characters by staying still, thereby improving procedural compliance and reducing perceived
pain. Recent studies have begun to explore the clinical impact of AR interventions on paediatric patient outcomes. These include
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randomized controlled trials (RCTs), observational studies, and pilot programs assessing variables such as pain perception,
anxiety levels, treatment adherence, and educational engagement. Preliminary findings suggest that AR can significantly improve
emotional well-being, reduce fear, and foster cooperation during medical procedures. In oncology settings, AR has been used to
explain complex treatment regimens to children and their families, improving understanding and reducing distress. In
rehabilitation, AR-based games have motivated children to complete physical therapy exercises more consistently and with
greater enthusiasm.Despite these promising developments, the evidence base remains fragmented and heterogeneous. Studies
vary widely in terms of sample size, intervention design, outcome measures, and technological platforms. Some rely on custom-
built AR applications, while others use commercially available tools adapted for clinical use. Furthermore, long-term effects and
scalability of AR interventions are not well understood. These gaps underscore the need for a systematic review that consolidates
existing research, identifies patterns, and highlights areas for future investigation. This paper aims to address that need by
conducting a systematic review of clinical evidence on the use of AR in paediatric healthcare. By synthesizing findings from
peer-reviewed studies published over the past decade, we seek to evaluate the efficacy of AR interventions in improving paediatric
patient outcomes. Our review focuses on three primary domains: emotional and psychological well-being, procedural compliance
and pain management, and educational engagement. We also examine the methodological quality of included studies, the types
of AR technologies employed, and the contexts in which they were implemented. The significance of this review extends beyond
academic inquiry. As healthcare providers, policymakers, and technology developers consider integrating AR into paediatric care
pathways, evidence-based insights are essential to guide decision-making. Understanding what works, for whom, and under what
conditions can help optimize resource allocation, enhance patient satisfaction, and ultimately improve health outcomes.
Moreover, this review contributes to the growing discourse on digital equity and accessibility, emphasizing the importance of
inclusive design and culturally sensitive content in AR applications. Augmented Reality holds transformative potential for
pediatric healthcare by making medical experiences more engaging, less intimidating, and more effective. Through this systematic
review, we aim to illuminate the current landscape of AR interventions, assess their impact on pediatric patient outcomes, and
chart a course for future research and implementation. As technology continues to evolve, so too must our approaches to caring
for the youngest and most vulnerable members of society.

OBJECTIVES

1. To evaluate the clinical effectiveness of Augmented Reality (AR) interventions in improving paediatric patient
outcomes, including emotional well-being, pain management, and procedural compliance.

2. To categorize and analyze the types of AR applications used in paediatric healthcare settings, such as distraction
techniques, educational tools, and rehabilitation programs.

3. To assess the methodological quality and consistency of existing studies on AR in paediatric care, identifying strengths,
limitations, and gaps in the current evidence base.

4. To provide recommendations for future research and clinical implementation.

METHODOLOGY

This systematic review was conducted to evaluate the clinical effectiveness of Augmented Reality (AR) interventions in
improving paediatric patient outcomes. The methodology followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure transparency, reproducibility, and rigor throughout the review process.

1. Search Strategy

A comprehensive literature search was performed across four major electronic databases: PubMed, Scopus, Web of Science, and
Google Scholar. The search covered studies published between January 2013 and March 2024. Keywords and Boolean operators
used included: “Augmented Reality” OR “Mixed Reality” AND “Paediatric” OR “Children” AND “Clinical Outcomes” OR
“Patient Experience” OR “Pain Management” OR “Anxiety Reduction.” Additional filters were applied to include only peer-
reviewed articles published in English.

To ensure completeness, reference lists of selected articles were manually screened for additional relevant studies. Grey literature,
conference proceedings, and unpublished theses were excluded to maintain a high standard of evidence.

2. Inclusion and Exclusion Criteria
Studies were included if they met the following criteria:
e  Focused on pediatric populations (ages 0-18)
e Employed AR or MR interventions in clinical or healthcare settings
e Reported measurable outcomes related to patient experience, emotional well-being, procedural compliance, or
educational engagement
Utilized quantitative, qualitative, or mixed-methods research designs
Published in peer-reviewed journals

Exclusion criteria included:
e  Studies involving virtual reality (VR) without AR components
e Non-clinical applications (e.g., entertainment, gaming)
e  Reviews, editorials, or opinion pieces
e  Studies lacking outcome data or methodological transparency
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3. Study Selection

All identified records were imported into a reference management software (Zotero) to remove duplicates. Two independent
reviewers screened titles and abstracts for relevance. Full-text articles were then assessed against inclusion criteria. Discrepancies
were resolved through discussion or consultation with a third reviewer.

4. Data Extraction
A standardized data extraction form was developed to collect key information from each study, including:
e  Author(s), year of publication, country
Study design and sample size
Age range and clinical setting
Type of AR intervention
Outcome measures and results
Limitations and recommendations
Data extraction was performed independently by two reviewers to minimize bias. Any disagreements were resolved through
consensus.

5. Quality Assessment

The methodological quality of included studies was assessed using the Mixed Methods Appraisal Tool (MMAT) for studies
employing qualitative, quantitative, or mixed designs. Each study was rated across five domains: appropriateness of study design,
data collection, analysis, interpretation, and relevance to the research question. Studies were not excluded based on quality scores
but were categorized as high, moderate, or low quality to inform the synthesis.

6. Data Synthesis
Due to the heterogeneity of study designs, interventions, and outcome measures, a meta-analysis was not feasible. Instead, a
narrative synthesis was conducted to identify patterns, themes, and trends across studies. Findings were grouped into three primary
domains:

e Emotional and psychological outcomes (e.g., anxiety, fear, cooperation)

e Procedural outcomes (e.g., pain perception, compliance)

e  Educational outcomes (e.g., understanding of medical procedures or conditions)
Subgroup analyses were performed based on clinical setting (e.g., emergency, oncology, rehabilitation) and type of AR
intervention (e.g., distraction, education, gamification).

7. Ethical Considerations
As this study involved secondary analysis of published data, no ethical approval was required. However, all included studies were
assessed for ethical compliance, including informed consent and child protection protocols.

RESULTS

This systematic review identified and analyzed 10 peer-reviewed studies that met the inclusion criteria, focusing on the clinical
application of Augmented Reality (AR) in pediatric healthcare settings. The studies varied in design, sample size, intervention
type, and outcome measures, but collectively offered valuable insights into the impact of AR on pediatric patient outcomes.

1. Study Characteristics

The selected studies were published between 2015 and 2024 and conducted across diverse geographic regions including North
America, Europe, and Asia. Study designs included randomized controlled trials (RCTs), quasi-experimental studies, and
observational research. Sample sizes ranged from 20 to 150 participants, with age groups spanning from toddlers to adolescents
(2-18 years). Clinical settings included emergency departments, oncology units, outpatient clinics, and rehabilitation centers.

2. Types of AR Interventions
AR interventions were categorized into three primary types:

e Distraction-based AR: Used during painful or anxiety-inducing procedures such as venipuncture, vaccination, or
wound dressing. These applications typically involved interactive games or animated characters projected onto mobile
devices or AR headsets.

e Educational AR tools: Designed to improve understanding of medical procedures, chronic conditions, or hospital
environments. These tools often used 3D models and interactive storytelling to explain complex concepts in child-
friendly formats.

e Rehabilitative AR programs: Integrated into physical therapy or occupational therapy sessions to motivate children
through gamified exercises and real-time feedback.

3. Emotional and Psychological Outcomes
Eight of the ten studies reported significant improvements in emotional well-being among pediatric patients exposed to AR
interventions. Commonly measured outcomes included anxiety levels, fear, and emotional distress.
e Inarandomized trial involving children undergoing venipuncture, those who used an AR distraction app showed a 35%
reduction in pre-procedural anxiety compared to the control group.
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e Another study in a surgical preoperative setting found that AR-based hospital tours reduced separation anxiety and
improved cooperation during induction of anesthesia.

e  Caregivers also reported lower stress levels and increased satisfaction with the care experience when AR was used to
prepare children for procedures.

4. Procedural Compliance and Pain Management
Seven studies evaluated the impact of AR on procedural compliance and pain perception. AR was consistently associated with
improved cooperation and reduced pain scores.
e Inapediatric oncology clinic, children receiving chemotherapy were more likely to remain calm and still when engaged
with AR content, leading to faster and more efficient administration of treatment.
e  Pain scores, measured using the Wong-Baker FACES scale or visual analog scales, were significantly lower in AR
groups. One study reported a 40% reduction in perceived pain during immunization procedures.
e  Compliance rates improved in rehabilitation settings, where children were more willing to complete prescribed exercises
when AR gamification was incorporated.

5. Educational Engagement
Five studies explored the role of AR in enhancing educational engagement among pediatric patients and their families.
e AR applications explaining chronic conditions such as asthma and diabetes improved knowledge retention and self-
management behaviors. Children demonstrated better understanding of medication routines and symptom tracking.
e In one study, AR-based storytelling was used to explain surgical procedures to children scheduled for elective
operations. Post-intervention assessments showed increased comprehension and reduced fear of the unknown.
e Parents also benefited from AR tools, reporting greater confidence in managing their child’s condition and
communicating with healthcare providers.

6. Technology Platforms and Accessibility
The AR interventions utilized a range of platforms, including smartphones, tablets, AR headsets (e.g., Microsoft HoloLens), and
custom-built applications. Most studies favored mobile-based AR due to its accessibility and ease of use in clinical environments.
e  However, technological limitations such as device compatibility, battery life, and user interface complexity were noted
in several studies.
e Some interventions required staff training or caregiver involvement, which could affect scalability and implementation
in resource-limited settings.

7. Quality Assessment

Using the Mixed Methods Appraisal Tool (MMAT), five studies were rated as high quality, three as moderate, and two as low.
Common methodological strengths included clear outcome definitions, appropriate statistical analysis, and ethical compliance.
Limitations included small sample sizes, lack of blinding, and short follow-up periods.

DISCUSSION

This systematic review highlights the growing role of Augmented Reality (AR) in paediatric healthcare and its potential to
improve patient outcomes across emotional, procedural, and educational domains. The findings suggest that AR interventions
consistently enhance the clinical experience for children by reducing anxiety, improving pain tolerance, and increasing
engagement with medical processes. One of the most compelling outcomes observed across studies was the reduction in
procedural anxiety and pain. AR-based distraction techniques, such as interactive games or animated overlays during injections
or blood draws, proved effective in diverting attention and minimizing discomfort. These interventions not only improved the
child’s emotional state but also facilitated smoother clinical workflows by increasing cooperation and reducing procedure time.
This aligns with broader evidence that immersive technologies can modulate pain perception and emotional distress through
cognitive distraction and sensory engagement. Educational AR tools also demonstrated significant benefits. By transforming
complex medical information into interactive, child-friendly formats, AR helped children and their caregivers better understand
diagnoses, treatment plans, and hospital environments. This improved comprehension can lead to greater adherence to medical
instructions and reduced fear of the unknown, particularly in surgical or chronic care contexts. Despite these promising results,
several limitations were noted. The heterogeneity of AR platforms, study designs, and outcome measures makes it difficult to
generalize findings. Many studies had small sample sizes and lacked long-term follow-up, limiting the ability to assess sustained
impact. Additionally, technological barriers such as device compatibility and user interface complexity may hinder widespread
adoption, especially in resource-constrained settings. Future research should prioritize large-scale randomized controlled trials
with standardized protocols to validate the efficacy of AR across diverse paediatric populations. Integration with wearable devices
and Al-driven personalization could further enhance the relevance and effectiveness of AR interventions. Moreover, attention
should be given to digital equity, ensuring that AR tools are accessible and culturally appropriate for all children. AR represents
a promising frontier in paediatric healthcare, offering innovative ways to improve patient outcomes and experiences. With
continued research and thoughtful implementation, AR has the potential to become a standard component of child-centered
clinical care.

SUMMARY
This systematic review explores the clinical impact of Augmented Reality (AR) technologies on pediatric patient outcomes. With
children often experiencing heightened anxiety, fear, and discomfort in medical settings, AR offers a novel, interactive approach
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to enhance emotional well-being, procedural compliance, and educational engagement. The review synthesizes findings from 10
peer-reviewed studies published between 2015 and 2024, selected from an initial pool of 45 articles using PRISMA guidelines.
The studies span various clinical environments—including emergency departments, oncology units, outpatient clinics, and
rehabilitation centers—and employ diverse AR interventions. These include distraction-based AR during painful procedures,
educational AR tools to explain medical concepts, and gamified AR programs for physical therapy. Across these applications,
AR consistently demonstrated positive effects on paediatric patient experiences. Emotional and psychological outcomes were
notably improved, with AR reducing anxiety and fear during procedures such as venipuncture and surgery preparation. Pain
perception was also significantly lowered, with some studies reporting up to a 40% reduction in pain scores. Procedural
compliance improved as children became more cooperative and engaged when AR was used. Educational AR tools enhanced
understanding of chronic conditions and medical procedures, benefiting both children and their caregivers. Despite these
promising results, the review identifies limitations such as small sample sizes, lack of long-term follow-up, and variability in AR
platforms and outcome measures. These factors limit generalizability and highlight the need for more standardized, large-scale
randomized controlled trials. Technological barriers, including device compatibility and user interface complexity, also pose
challenges to widespread implementation. AR represents a transformative tool in paediatric healthcare, capable of making medical
experiences more tolerable, informative, and engaging for young patients. While current evidence supports its emotional and
educational benefits, further research is needed to establish best practices, assess long-term outcomes, and ensure equitable access.
This review provides a foundation for future innovation and integration of AR into child-centered clinical care.
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