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Over 75% of pediatric surgery patients experience preoperative anxiety, which
can lead to complicated recoveries. Current interventions are less effective for
children over 12 years old. New interventions, like mindfulness-based ones
(MBIs), are needed to address this issue. MBIs work well for reducing mental
health symptoms in youth, but they can be challenging for beginners. Virtual
reality (VR) nature settings can help bridge this gap, providing an engaging 3-
D practice environment that minimizes distractions and enhances presence.
However, no study has investigated the combined effects of mindfulness
training in natural VR settings for pediatric surgery patients, creating a
significant gap for a novel intervention. This paper aims to fill that gap by
presenting a narrative review exploring the potential of a nature-based
mindfulness program using VR to reduce pediatric preoperative anxiety. It
begins by addressing the risks of anxiety in children undergoing surgery,
emphasizing its impact on physical recovery, and supporting the use of VR for
anxiety reduction in hospitals. The review then delves into VR's role in nature
and mindfulness, discussing theoretical concepts, clinical applications, and
effectiveness. It also examines how the combination of mindfulness, nature,
and VR can create an effective intervention, supported by relevant literature.
Finally, it synthesizes the existing literature’'s limitations, findings, gaps, and
contradictions, concluding with research and clinical implications.

KEYWORDS

virtual reality, nature, mindfulness-based intervention (MBI), perioperative anxiety,
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Introduction

The perioperative period begins at the moment from which a patient enters the
hospital for surgery and lasts until they are released to go home (1). This time period
can result in elevated anxiety levels, which is especially true in children (2). Typically,
children will experience peak anxiety levels in the preoperative period (the time period
from entering the hospital to the administration of anesthesia), as they await the
administration of anesthesia before surgery (3). This peak in anxiety represents a major
problem, as more than 75% of pediatric surgery patients experience preoperative
anxiety (anxiety regarding the impending surgical experience) (4). This anxiety
manifests itself as feelings of tension, nervousness, and fear during their hospital stay
(5). These feelings are extremely traumatic for patients, resulting in around 16% of
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children developing post-traumatic stress disorder following
surgery (6). Even more concerning, preoperative anxiety can also
have severe consequences on physical health. Several studies
report that high levels of preoperative anxiety leads to a more
painful, slower, and complicated recovery (7, 8).

A variety of interventions have been developed over the years
to help reduce preoperative anxiety. Among these interventions,
interventions targeting preoperative anxiety can have significant
positive effects on the patient (5, 9, 10). The interventions are
diverse, ranging from educational preparatory puppet shows to
child animators (e.g., clowns, magicians, mascots, etc.) being
present on hospital floors. While effective, these interventions are
not without their shortfalls. Most of these interventions can only
be done prior to the administration of anesthesia, due to
restricted access in the operating room, leaving the children
without interventions available during the peak of their anxiety.
These interventions also significantly lose their effectiveness with
children over the age of 12 (5). These interventions are also
staff in
increasingly human resource strapped systems. Additionally,

resource-intensive  programs requiring full-time
these interventions are dependent on an adult taking the lead in
helping a child reduce their anxiety. Thus, these interventions fail
to prepare children with skills to self-regulate their anxiety for
their long surgical journey. As such, there is a growing need for
new self-regulated techniques to reduce preoperative anxiety
in children.

One novel way to reduce preoperative anxiety in children in a
self-regulated matter could be by offering mindfulness-based
interventions (MBIs). Mindfulness is the process of purposefully,
and with acceptance, paying attention non-judgmentally to the
present moment (11). MBIs are behavioural interventions that
teach mindfulness, following a mind-body medicine view of
health by integrating physical, cognitive-affective, behavioural,
and social elements (11). Typically, MBIs consist of meditation
and accompanied by a variety of mindfulness techniques such as
guided imagery and breathing exercises. Data strongly supports
the use of MBIs, and further data has shown that they are
effective at reducing mental health symptoms in youth and can
provide children with long-lasting skills that can be used
independently (12). Despite the potential benefits of MBIs, many
children do not practice mindfulness. Cultivating mindfulness
can be challenging and demanding for novices, and newcomers
may experience boredom and wandering thoughts due to the
lack of sensory input involved.

Virtual reality (VR) has gained attention in recent years as a
potential tool for mindfulness training. VR is a simulation tool
that enables users to be fully immersed in a 3-D virtual
environment, allowing for a more engaging and interactive
experience (13). VR can offer an interesting and immersive
setting to practice mindfulness by limiting distractions from the
real world and increasing a sense of presence (14). By removing
external distractions, users can focus more intently on the
present moment and their internal experiences, which is a
fundamental aspect of mindfulness. Moreover, VR has the
potential to induce specific emotions at varying levels of arousal
and valence, which could be useful for mindfulness practice (13).
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For instance, VR environments could be designed to evoke
positive emotions such as joy, gratitude, or contentment, which
are associated with increased well-being and decreased stress
levels (15).

To effectively utilize VR technology for mindfulness training, it
is essential to design the virtual environments carefully.
Incorporating natural settings such as forests, mountains, or
beaches into VR experiences could enhance the therapeutic
efficacy of mindfulness training. Exposure to natural
environments can improve mood and decrease stress levels, so
incorporating these settings into VR could enhance the benefits
of mindfulness training (16-19).

Despite the immense potential, no study to date has
investigated the combined effects of mindfulness training in
natural settings using VR with pediatric patients undergoing
surgery, leaving a large gap for a novel intervention. To address
this gap, this paper presents the findings of a narrative review
that sought to explore the potential for a nature-based
mindfulness program using virtual reality in reducing pediatric
preoperative anxiety. The review will first focus on the risks
associated with anxiety in children undergoing surgery, with a
particular emphasis on the impact on physical recovery. This
section will also support the validity of using VR as an
intervention for reducing anxiety in children and provide a brief
overview of the kinds of VR interventions currently being used
in hospitals. Subsequently, the review will focus on the use of VR
in relation to nature and mindfulness, respectively. Key
theoretical conceptualizations, current clinical applications, and
therapeutic efficacy will be discussed. The review will then
examine the connection between mindfulness and nature, and
how the combination of these two elements with VR can lead to
The supporting  this

connection will be brought together in this section. Finally, a

an effective intervention. literature
synthesis of the limitations, findings, gaps, and contradictions in
the existing literature will be discussed and will conclude with

research and clinical implications.

Pediatric preoperative anxiety

Anxiety is an emotion typically associated with feelings of
worry, tension, racing thoughts, and physical changes (such as
increased heart rate) (20). It contains an affective, behavioural,
While
constructs from anxiety, worry and fear often accompany feelings

cognitive, and physiological component. separate
of anxiety. Worry is a future-oriented construct characterized by
anticipating a future threat, whereas fear is a present-oriented
response to an identified threat (20). Preoperative anxiety is
defined as the anxiety experienced in anticipation of surgery (3).
This anxiety manifests itself as feelings of tension, nervousness,
and fear during their hospital stay (5). This can include a wide
range of worries, such as negative and distressing thoughts in
anticipation of surgery and fears, such as fearing needles (20).
Due to the distressing nature of anxiety, and the worry and fear
that comes with it, many will experience a natural response to

want to flee or avoid situations, such as avoiding going to the
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hospital. More physiological manifestations of preoperative anxiety
include becoming restless, laboured breathing, trembling, crying,
and ceasing communication or play (3). Additionally, some
children may unexpectedly urinate, demonstrate heightened
muscle tension, or try to evade medical staff. It has been noted
that up to 25% of children may require physical restraint during
anesthesia induction, a circumstance that can intensify stress
levels for both the children and medical personnel involved (3).

Several explanations exist for the root cause of pediatric
preoperative anxiety. Most frequently, anxiety stems from the
lack of control one has during the perioperative period, along
with the unknowns of surgery (4). Children are also substantially
worried about the use of needles and induction of anesthesia (4,
21). Additionally, children fear being separated from their
parents (22). They also fear the pain and after-effects of surgery.

There are several predictors associated with preoperative
anxiety in children. Shy children, those with high IQ, and
individuals with poor adaptive abilities are more likely to
experience preoperative anxiety (4). Additionally, children with
pre-existing anxiety or depression, somatization tendencies, and
a fearful temperament may also be at a higher risk. It is worth
noting that parental anxiety can also predict preoperative
anxiety in children (4). However, there is conflicting evidence
regarding the associations between gender, age, and previous
medical experiences with preoperative anxiety (4). Some studies
suggest that gender does not significantly impact preoperative
anxiety levels or the emergence of negative behaviours after
surgery. Conversely, other studies suggest that either males
or females may be at a higher risk for preoperative anxiety
(4, 7, 22-28). Similarly, findings regarding the relationship
between age and preoperative anxiety are inconclusive. While
certain studies indicate that younger children experience more
frequent and prolonged postoperative behavioural problems,
other studies contradict these findings and show no significant
differences. Notably, regardless of cognitive ability, distress
during the anesthesia induction process has remained
consistent across different age groups, indicating that anxiety
can arise during this stage (4, 23-27, 29-32). Additionally, the
impact of negative memories from past hospital experiences,
pediatrician visits, or dental visits on preoperative anxiety varies
among studies, with some indicating that such memories persist
into adolescence and increase pre-operative anxiety. In contrast,
others report contradictory results or find no discernible
relationship (4, 22, 26, 27, 30, 31, 33, 34).

Current contexts: addressing a
pressing need

When a child experiences preoperative anxiety, it can give rise
to a range of complications that have significant implications for
their overall well-being and postoperative recovery. These effects
frequently last for a significant period of time, with 54% of
children showing effects of their preoperative anxiety two weeks
later, and 20% still showing signs six months later (4). Firstly,
heightened anxiety levels can lead to increased pain experienced
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during the postoperative period (2, 4, 20, 35-38). Moreover,
anxiety is associated with a higher risk of delirium, which can
further exacerbate the challenges faced by the child during
recovery (4, 20, 35, 37). Additionally, preoperative anxiety may
contribute to developing negative behaviours in the postoperative
phase, potentially impacting the child’s adjustment and overall
recovery process (e.g., disobeying medical staff and guidance) (2,
4, 20, 21, 35).

Furthermore, the presence of anxiety can lead to the adoption
of maladaptive coping strategies, such as avoidance and repression,
which can hinder the child’s ability to manage stress and emotional
difficulties effectively (38). Anxiety can also disrupt sleep patterns,
leading to impaired sleep quality and affecting the child’s overall
recovery and healing processes (2, 4, 20, 38). It can also disrupt
normal eating habits (2, 4, 20).

In terms of medical considerations, preoperative anxiety has
been linked to an increased need for pain medication, which can
have implications for pain management strategies (2, 4, 20). It is
also well-documented that preoperative anxiety can diminish the
effects of anesthesia (20). Moreover, the presence of anxiety has
been associated with worse surgical outcomes, including delayed
wound healing and an increased risk of infection (2, 4, 20). This
is due to the fact that anxiety activates the human stress response
(HPA axis), which causes an increase in cortisol and epinephrine
levels, acting as “natural killer cells” (4). These complications can
prolong the recovery period and potentially necessitate additional
medical interventions.

Beyond physical consequences, preoperative anxiety can have
developmental impacts on the child (2, 20). It can exacerbate
separation anxiety, which can be distressing for both the child
and their caregivers (2, 4, 20, 37, 38). Furthermore, there is a
potential risk for the development of post-traumatic stress
disorder (PTSD) (4, 39). Anxiety can also contribute to a slower
recovery process overall and has been linked to the occurrence of
enuresis (bedwetting) in some cases (4, 20). Preoperative anxiety
can also contribute to the development of depression in some
children (4). The emotional and psychological toll of anxiety can
significantly affect the child’s overall well-being and quality of life
during and after the surgical experience.

Given these potential complications, addressing and managing
preoperative anxiety in children is crucial. Providing appropriate
support and interventions to mitigate anxiety can help alleviate
the physical, emotional, and developmental burdens associated
with the surgical journey, ultimately promoting a smoother and
more positive recovery process.

Virtual reality

Novel approaches are needed to help reduce pediatric
preoperative anxiety. One approach available for use is virtual
reality. Virtual reality (VR) is an immersive technology that
transports users into a computer-generated, three-dimensional
world, offering an escape from their current environment (40,
41). This technology has gained recognition among nurses and
other health care professionals in child healthcare settings as a
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valuable tool for distracting children and helping them cope with
the pain and anxiety associated with medical procedures (40, 41).
A typical VR system consists of a head-mounted display,
earphones, a motion tracking system, and hand-held devices for
interacting with the virtual world. When wearing the head-
mounted display, users can visually explore the virtual
environment, while three-dimensional audio and motion tracking

provides a real-time update of the virtual world.

Virtual reality to reduce pediatric
preoperative anxiety

The use of virtual reality (VR) to reduce pediatric preoperative
anxiety is a relatively new area of research. As a result, the available
literature on this topic is limited but growing. A search yielded a
total of 8 studies that met the specified criteria, conducted
between 2017 and 2021 (42-49). Out of these studies, 7 were
randomized controlled trials (RCTs), while one study utilized a
pre-post design. Out of the identified studies, six of them
employed virtual reality to provide a preview of the operating
room to pediatric patients. This approach aimed to familiarize
children with the environment and procedures they would
encounter during surgery, potentially reducing their anxiety and
fear. Additionally, two studies utilized virtual reality games as an
intervention method. The age range of participants across these
studies spanned from 4 to 12 years old. Encouragingly, 7 of the
studies reported a significant decrease in preoperative anxiety
following the implementation of virtual reality interventions,
while only one found no significant difference between the
control group (50). These findings demonstrate the promising
potential of VR as an effective tool for alleviating preoperative
anxiety in pediatric patients. Despite this potential, none of these
interventions provide children with self-regulated techniques to
reduce preoperative anxiety. Thus, a major gap still remains in
the literature, and there is room in the literature for the
investigation of more diverse virtual reality interventions.

While this is an emerging topic with sparse literature, a meta-
analysis was recently published evaluating the effectiveness of
virtual reality in managing pediatric preoperative anxiety (51).
The authors conclude that virtual reality presents a viable, non-
pharmacological strategy for addressing anxiety in children
before surgery, providing an alternative to analgesic medications
and their potential adverse effects. While promising, they also
note several issues with the current literature. First, the authors
noted a variety of issues with the quality of the literature, and as
such, they assigned low-quality ratings to the included studies.
Second, they noted some methodological flaws. They point out
that future research could benefit by stratifying participants by
age group and surgery type to understand the impacts better.
They also note a lack of detail regarding virtual reality software
used and procedures in the literature (51).

While not the scope of this review, it is important to highlight
the prevalence of virtual reality in children’s hospitals. This is a
technology that is on the rise and is becoming widely embraced
by hospital staff. This helps to demonstrate the feasibility of
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using this technology in hospitals. In a recent review, Addab and
colleagues (40) thoroughly examine virtual reality as a distraction
intervention to alleviate anxiety and pain in various medical
procedures. The authors conducted a comprehensive systematic
review of relevant studies published up to 2021. A total of 77
studies were included in the review, covering a range of medical
procedures and patient populations. The findings of the review
indicate that VR is an effective intervention for reducing anxiety
and pain during medical procedures across different patient
groups, including children, adults, and individuals with diverse
health conditions. VR distraction interventions significantly
decreased anxiety and pain levels during procedures such as
venipuncture, wound care, dental procedures, and chemotherapy
administration. The immersive nature of VR and its ability to
divert attention were identified as key factors contributing to its
effectiveness (40).

Furthermore, the review highlights the positive impact of VR
on patients’ overall experience and satisfaction, with many
participants reporting reduced fear, increased relaxation, and
improved coping during procedures. Feasibility considerations
were also addressed, with the majority of studies reporting high
acceptability among children, parents and hospital staff. It was
also noted that using VR helped improve the facilitation of
health practitioners’ tasks. Children would be less tense and
fidgety during procedures and less
procedures (40, 52, 53).

resistant to proposed

Mindfulness

Mindfulness is an intentional practice and state of heightened
consciousness that entails directing one’s attention to the current
moment, free from judgments or attachments to thoughts,
emotions, or sensations that emerge (11). It is frequently
characterized as the capacity to bring one’s focus to the
immediate experience with an open-minded, embracing, and
non-reactive mindset. While mindfulness traces its origins to
Buddhist customs, it has been modified and incorporated into
diverse non-religious contexts and therapeutic methodologies (54).

Mindfulness involves several mechanisms that work together to
promote mental well-being. These mechanisms include attention
regulation, body awareness, emotion regulation, change in
perspective of the self, non-judgement and acceptance, exposure,
extinction and reconsolidation, and improved metacognition. In
the context of anxiety, emotional regulation, a vital aspect of
mindfulness, plays an instrumental role in managing and
reacting to distressing emotional experiences (55). Traditional
cognitive approaches typically emphasize altering the content of
distressing thoughts. However, mindfulness propounds a different
strategy, concentrating not on altering or avoiding anxiety-
provoking experiences, but on observing and accepting them
(55). Through habitual mindfulness practice, individuals suffering
from anxiety learn to recognize their feelings as transient states
that do not define their identity, offering a perspective shift that
facilitates a more measured response to anxiety triggers rather
than impulsive reactions. Cultivating a non-judgmental attitude
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towards one’s feelings, mindfulness helps to alleviate the effects of
negative emotions and decreases the overall degree of emotional
reactivity.  Consequently, ~emotional  regulation  through
mindfulness practice promotes a profound awareness and
comprehension of an individual’s emotional state, encouraging a
healthier engagement with emotions, and contributing to the
enhancement of mental health (55). Thus, mindfulness serves as
a promising approach in managing anxiety and improving
overall well-being.

Mindfulness-based interventions (MBIs) refer to an array of
behavioural approaches that seek to foster mindfulness abilities
(56). These acknowledge the

interrelatedness of various well-being aspects, which encompass

in individuals interventions
physical, cognitive-affective, behavioural, and social facets. In this
regard, MBIs present a holistic framework for enhancing overall
wellness via the integration of these dimensions (54, 57-59). By
adopting a comprehensive approach to well-being, MBIs offer a
promising avenue for promoting mental health, reducing stress,
and enhancing cognitive functioning (54).

One of the notable advantages of MBIs is their efficacy in
promoting psychological well-being and reducing stress and
anxiety levels in a non-clinical population (56). Mindfulness
techniques such as meditation, body scan, and mindful
movement, enable individuals to cultivate heightened self-
awareness, emotional regulation, and resilience. By adopting an
accepting and non-judgmental stance towards their thoughts,
emotions, and sensations, individuals foster a more constructive
their (60).

Consequently, individuals encounter enhancements in their

and adaptive relationship with experiences
overall psychological well-being, encompassing augmented levels
of happiness, life satisfaction, and subjective well-being (61-63).
MBIs have demonstrated encouraging outcomes in managing
various psychological and physical ailments in clinical populations.
These
symptoms of depression, anxiety, stress, PTSD, and substance
abuse disorders (55, 63-65). Additionally, MBIs have aided in

managing chronic pain, elevating sleep quality, and augmenting

interventions have proven successful in mitigating

immune system functioning (64, 66-73). MBIs equip individuals
with useful techniques to navigate and cope with the challenges
and difficulties related to their specific clinical circumstances by
incorporating mindfulness practices into therapeutic interventions.
These interventions encourage individuals to be more present and
aware of their thoughts, emotions, and physical sensations,
resulting in increased self-awareness and self-regulation. With
consistent practice, MBIs have the potential to provide long-lasting
benefits and improve overall well-being (74, 75).

It is also encouraging to note that we see similar benefits of
MBIs in children. A review was recently conducted that included
effects
interventions (MBIs) on anxiety in youth (76). The overall

five studies assessing the of mindfulness-based
findings suggest that MBIs have positive and significant effects
on anxiety disorders in youth. When individual study findings
were examined, some interventions did not show significant
effects, but when combined through meta-analysis, a significant
pooled effect size was observed. These findings are consistent

with prior reviews of MBIs in youth with various concerns.
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MBIs and surgery

To address the complexity and multidimensionality of surgery,
researchers recommend that perioperative care should adopt a
comprehensive approach that integrates non-pharmacological
techniques, such as mindfulness, into standard surgical protocols
(77). Mindfulness training has been increasingly recognized as an
effective technique for helping patients manage preoperative
anxiety and stress, with the potential to improve preoperative
preparation, alleviate anxiety and stress, and enhance
postoperative recovery (77-85). By cultivating present-moment
awareness and non-judgmental acceptance of thoughts, feelings,
and physical sensations, mindfulness practices empower patients
to experience tranquillity, emotion regulation, resilience, and
agency during surgical procedures.

Additionally, incorporating mindfulness-based practices into
perioperative care may contribute to improved postoperative
outcomes, including reduced complications, faster recovery, and
enhanced psychological adjustment (77). Healthcare professionals
with anxiety

management, emotional well-being, and a more positive surgical

can provide patients invaluable tools for
experience by integrating mindfulness techniques into the
perioperative care process. The practice of mindfulness, being
non-invasive and accessible, holds great promise for optimizing
patient care and promoting positive surgical experiences.

While mindfulness techniques have shown promising results in
various healthcare settings, it is important to note that there is
currently a gap in research concerning the application of
mindfulness practices with children undergoing surgery. Despite
the evidence supporting the benefits of mindfulness practice for
adults in surgical contexts (reduced anxiety through increased
emotion regulation), there is a lack of studies specifically
examining its effectiveness and feasibility for pediatric surgical
patients. This represents a crucial area that warrants further
investigation to address the unique needs and challenges faced by
children during the surgical process. Understanding the potential
impact of mindfulness interventions on anxiety, distress, and
overall well-being in pediatric surgery and the mechanisms
behind the effects is essential for providing comprehensive and
tailored care to young patients. Future research should aim to
explore the benefits and feasibility of integrating mindfulness
practice into the perioperative care of children, filling the current
gap in knowledge and improving healthcare outcomes for this
vulnerable population.

Mindfulness and virtual reality

VR has emerged as a valuable tool for mindfulness-based
interventions, particularly for individuals experiencing emotional
dysregulation, by enhancing the central mechanisms of action in
MBIs (86). Attention Regulation is an integral component of
mindfulness. It involves maintaining focused attention on the
current moment, separating mindfulness from other cognitive
strategies. However, achieving this level of attention can be
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challenging in a world filled with distractions. VR technology, by
creating immersive and controlled environments, minimizes these
external distractions, offering a conducive space for individuals to
concentrate more effectively on the present moment (54, 87).
Body Awareness, another key aspect of mindfulness, involves
developing an understanding and awareness of one’s physical
state. VR technology, especially when used in conjunction with
biofeedback, can elevate this understanding. By providing real-
time visual or auditory feedback based on physiological data such
as heart rate or breathing rate, VR helps individuals form a
closer connection between their mental states and physical
responses, a crucial element in mindfulness (88).

The ability to manage and respond effectively to one’s emotional
experiences, known as Emotional Regulation, is also supported by
VR. By creating controlled environments, VR allows individuals to
face emotional triggers in a safe space. This practice, over time,
skills,
emotional reactivity, a significant contributor to mental health and

can enhance emotional regulation reducing overall
well-being (89). Another area positively impacted by VR is Self-
Perception. Mindfulness aims to foster “decentering,” where one’s
thoughts and feelings are seen as transient events in the mind, not
definitive aspects of their identity. VR experiences can simulate
different perspectives, aiding individuals in understanding their
thoughts and emotions as part of their conscious experience and
not defining aspects of their selves. This can encourage a more
objective, less judgmental self-view (86, 87, 89).

Lastly, the engagement factor in any intervention significantly
determines its efficacy. Traditional mindfulness practices can feel
monotonous to some individuals, potentially impacting their
motivation. However, VR offers a dynamic and immersive
experience, making mindfulness practice more appealing, leading
to more consistent practice, which is crucial for reaping the
benefits of MBIs (86, 87, 89).

Preliminary studies have shown positive results in improving
adherence, effectiveness, and therapeutic outcomes in
mindfulness practice, smoking cessation, chronic pain reduction,
improved well-being, increased self-compassion and reduced
anxiety (14, 86, 87, 89-94). Gamification strategies and bio/
neurofeedback  integration  enhance  engagement  and
customization (86, 87). However, further research is necessary to
comprehend the relationship between VR and mindfulness and
design optimal VR-supported mindfulness experiences.

While VR has been extensively used in exposure-based therapy,
its application in mindfulness-based interventions is still evolving.
Studies in non-clinical populations have demonstrated
improvements in negative mood states, anxiety reduction, and
positive outcomes in mindfulness skills, although the specific
contributions of VR guidance and sensorial stimulation require
further clarification (86). Neurophysiological measurements have
been incorporated to assess brain activity and physiological
responses, but standardization is lacking. Commercially available
VR systems offer varying immersion levels and ease of use (86).
Overcoming limitations, such as brief interventions, study design
weaknesses, technological variability, demographic factors, and
assessment measures, is crucial to establish the effectiveness of

VR-mediated mindfulness interventions.
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VR can enhance the feeling of being present in the moment
through a sense of presence. It can also provide a sense of
safety and novelty, benefiting individuals with anxiety or
trauma-related disorders and increasing engagement and
(87). VR-mediated address the

limitations of traditional mindfulness interventions, offering

motivation interventions
accessibility, standardized environments, and flexibility for
individuals with busy schedules or limited access to specialized
programs (86, 87). However, challenges include the potential for
cybersickness, cost barriers, and the need to monitor addiction
to VR interventions.

Mindfulness, virtual reality, &
preoperative anxiety

At this time, no study has specifically examined mindfulness-
based interventions delivered through VR exclusively for children
to reduce preoperative anxiety. In fact, only one pre-registration
study was found, in which they intend to investigate guided
relaxation-based VR vs. distraction-based VR in reducing
pediatric postoperative pain (95). As a secondary outcome, they
will investigate its impact on perioperative anxiety. It hasn’t even
been studied in an adult surgical population yet.

Despite no study existing in this specific area, there are
indications from the existing literature mentioned above that
suggest potential benefits for using VR-based MBIs to alleviate
preoperative anxiety in children. However, it is crucial to
emphasize the need for empirical evidence to substantiate these
claims. As a reminder, existing studies that have explored VR-
based interventions in various populations, such as adults and
non-clinical samples, have shown positive outcomes related to
anxiety reduction, well-being enhancement, and improved
adherence (14, 89, 91-94). These findings suggest that VR has
the potential to be an effective tool for supporting the current need.

Given the potential benefits observed in other populations and
considering the unique characteristics of VR and its compatibility
with the mechanisms of mindfulness, it is reasonable to infer
that VR-based MBIs may hold promise for reducing preoperative
anxiety in children. VR offers an immersive and engaging
experience that can capture children’s attention and create a
sense of presence, potentially facilitating their engagement in
mindfulness practices and reducing anxiety associated with
surgical procedures. Additionally, VR can provide a safe and
controlled environment, which may alleviate fears and concerns
commonly experienced by children undergoing surgery.

However, it is essential to underscore the importance of
empirical research, specifically investigating the efficacy of VR-
based MBIs in reducing preoperative anxiety in children.
Rigorous studies are needed to examine the effects of this
intervention approach on anxiety levels, psychological well-being,
and other relevant outcomes in the pediatric population. Such
research would provide valuable evidence to support the use of
VR-based MBIs as a safe and effective intervention to mitigate
preoperative anxiety in children, ultimately improving their
surgical experience and overall well-being.
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Nature

The correlation between nature and mental health is a well-
established and valued phenomenon in scientific research and
societal norms. Numerous studies have consistently demonstrated
the favourable impact of exposure to natural environments on
psychological well-being (96, 97). Humans have understood the
calming and restorative effects of nature for centuries, and
contemporary scientific research is now able to quantify these
benefits. There is evidence to support the notion that regular
contact with nature can help in-part to alleviate a variety of
mental health conditions, such as depression, anxiety, and stress
disorders (96, 97). It is essential to recognize the significance of
this relationship and to encourage the integration of nature-based
interventions into mental health treatment plans.

Exposure to natural environments has been empirically
associated with an array of health benefits, encompassing
enhancement in cardiovascular and respiratory health,
optimization of cognitive and immune function, and a reduced
predisposition toward disease and mortality (98-100). The
physical and visual engagement with natural surroundings has
also been implicated in facilitating superior mental health
outcomes. These engagements include but are not limited to:
attenuation of stress, anxiety, and rumination, a diminution in
somatization symptoms, and amelioration in biomarkers
indicative of stress, cumulatively contributing to an elevated state
of psychological well-being (98). Researchers have documented a
relationship between exposure to natural settings and a
decrement in cortisol levels, a hormone intricately entwined with
stress responses (98). The multifaceted components of nature
(auditory, visual, olfactory) synergistically work towards
mitigating physiological responses to stress. Moreover, the
inherent  restorative  characteristics of nature, offering
opportunities for mental escapism and fascination, have been
demonstrated to foster feelings of relaxation and provide relief
from the omnipresent pressures inherent in contemporary
lifestyles (98, 99). This interaction with the natural world, thus,
functions as a potent countermeasure against stress.

Several theories have been developed to try and explain the link
between nature and mental health. First, is the Biophilia Hypothesis,
which was introduced by biologist E.O. Wilson in 1984. This theory
posits that human beings possess an inherent inclination to connect
with nature and other life forms (101, 102). This inclination can be
traced back to human evolution, which occurred in close association
with the natural environment (102). As a result, the Biophilia
Hypothesis is believed to provide a fundamental basis for the
correlation between exposure to natural surroundings and mental
health outcomes (102, 103). The absence or scarcity of natural
environments can result in cognitive exhaustion, stress, and other
negative psychological effects. Conversely, as per this hypothesis,
engagement with nature bolsters cognitive ability, enhances mood,
reduces stress, and boosts overall well-being, thereby significantly
impacting mental health (103).

It is widely acknowledged that the natural world is a source of
inspiration and rejuvenation, and the Biophilia Hypothesis builds

on this belief by arguing that humans have an innate connection
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to the natural world (103). This perspective has important
implications for healthcare and public policy, as it suggests that
access to green spaces and natural environments should be
considered an essential aspect of human well-being. In addition,
the Biophilia Hypothesis has been used to justify the use of
biophilic design in various settings, such as hospitals, schools,
and workplaces, which aim to incorporate elements of nature
into the built environment (103).

Furthermore, the Biophilia Hypothesis has been used to
explain the appeal of natural environments, such as parks,
gardens, and forests, to individuals across cultures and age
groups. It also provides a theoretical framework for the emerging
field of ecotherapy, which uses exposure to natural environments
as an adjunctive treatment for various mental health conditions
(104, 105). The Biophilia Hypothesis has, therefore, been the
and has
contributed to our understanding of the complex interplay

subject of significant research and discussion,
between human beings and the natural world (106).

The Attention Restoration Theory (ART), proposed by Kaplan
and Kaplan in the 1980s, posits that exposure to nature can help
restore our attention capacities, thereby reducing mental fatigue
and stress (107). This theory has important implications for
mental health, as it suggests a mechanism by which natural
environments can contribute to psychological well-being.
According to ART, there are two types of attention: directed
attention and involuntary attention. Directed attention, which is
used in activities that require effort and concentration, can be
depleted, leading to mental fatigue and stress. Conversely,
involuntary attention, engaged effortlessly when captivated by
inherently intriguing stimuli, allows directed attention to rest and
recover when in natural environments (108).

Empirical research provides evidence supporting ART. Studies
have shown that exposure to natural environments can lead to
improved cognitive functioning, including attention restoration
(109). These restorative effects of nature have been associated
with improved mood, decreased stress levels, and better mental
health outcomes overall. As such, ART offers a theoretical
framework for understanding the restorative effects of nature on
mental health and underscores the importance of access to green

spaces for promoting mental health (110).

Nature & surgery

The association between nature and surgical procedures is a
complex interplay that considers the influence of interactions
with natural surroundings on patient outcomes, both before
holds
relevance in a surgical context, as increasing evidence suggests

and after surgery. Wilson’s Biophilia Hypothesis
that exposure to nature can have beneficial effects on surgical
patients. Prior to surgery, exposure to natural environments
may have stress-reducing effects that can enhance patient
resilience and mental preparedness. Ulrich’s Stress Reduction
Theory (SRT) suggests that visual or physical access to nature
can lead to emotional and physiological stress reduction (111).

Moreover, some studies suggest that viewing natural scenes can
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result in reduced preoperative anxiety (112). This is significant as
high preoperative anxiety levels have been associated with poorer
postoperative outcomes.

After surgery, exposure to nature can support the recovery
process. It is postulated that visual or physical interaction with
natural settings can promote restorative effects, both mentally
and physically. The Attention Restoration Theory (ART),
developed by Kaplan and Kaplan, provides a theoretical
framework for these effects, suggesting that exposure to nature
helps restore our attentional capacities and reduces mental
fatigue (107, 108). This could potentially support cognitive
functioning and mood during the postoperative recovery phase.
Moreover, a seminal study by Ulrich (111) found that patients
recovering from surgery in rooms with views of nature had
shorter hospital stays, took fewer analgesics, and had fewer
postoperative complications compared to those with views of a
brick wall. Such findings point towards the potential beneficial
impacts of nature in the recovery process after surgery.

Furthermore, the concept of biophilic design—incorporating
elements of nature into built environments—could be a
promising approach to enhance patient access to nature within
hospital settings, especially for those who cannot physically
access outdoor environments post-surgery (113). Virtual reality
technology also offers potential solutions, providing immersive
natural experiences that may yield therapeutic benefits (114).
While these perspectives underscore the potential benefits of
nature exposure in the context of surgery, it is necessary to
emphasize that more research is needed to understand the
underlying mechanisms fully and to validate these effects across
diverse patient populations and surgical contexts.

While the substantial benefits inherent in nature are widely
acknowledged, surgery often leads to a period of hospitalization
and/or immobilization, which can significantly impede an
The

aftermath of surgery often imposes physical limitations on

individual’s access to natural environments. immediate
patients, confining them to their hospital beds and severely
restricting their mobility (115). This restricted mobility, necessary
for recuperation, could prevent patients from venturing
outdoors and accessing natural environments. Furthermore, the
necessity of maintaining a sterile environment in hospitals
to prevent postoperative infections often limits patients’ exposure
to outdoor environments (115).

Additionally, the design and location of many hospitals might
not facilitate regular access to natural environments. Many
hospitals lack gardens or green spaces and may not even provide
windows with views of nature (111, 116). These factors can
further restrict patients’ access to nature during their stay in the
hospital. Moreover, time and resource constraints associated with
postoperative care can also hinder access to nature. Patients’
schedule of

medications, treatments, and possible rehabilitative activities,

recovery processes often involve a rigorous
leaving little room for outdoor excursions. Additionally, staffing
and resource constraints might prevent hospitals from facilitating
such activities (117).

The presence of health conditions can considerably constrain

an individual’s access to nature, thereby limiting the therapeutic

Frontiers in Pediatrics

10.3389/fped.2024.1334221

benefits that exposure to natural environments can offer. Such
constraints arise due to a variety of factors. Firstly, many health
conditions can lead to physical impairments or limitations that
restrict mobility. For instance, chronic conditions such as
heart
hospitalization, may limit a person’s ability to move about freely

arthritis or disease, or acute conditions requiring
and interact with nature (118). In cases of severe illnesses or
conditions that require extended periods of bed rest, the barriers
to accessing nature are particularly significant. Health conditions
can also affect access to nature indirectly through the constraints
imposed by treatment regimens. For example, individuals
undergoing intensive medical treatments such as chemotherapy
or dialysis may spend a significant amount of time in medical
facilities, reducing their opportunities to engage with nature
(117). Additionally, societal and infrastructural factors also play a
role. In many urban environments, accessible green spaces may
be scarce, which could disproportionately affect individuals with
health conditions who may have limited mobility or resources
(119). As a result, it is paramount to devise novel methodologies
aimed at surmounting this ubiquitous challenge. Implementing
novel strategies could guarantee that the recuperative essence of
nature is not bound by any physical or health-related limitations,

making it universally accessible.

Nature & virtual reality

A literature review was recently conducted that in part,
explored the use of virtual reality technology that incorporates
natural settings (54). The authors highlight that VR technology
has emerged as a proposed method for providing exposure to
natural settings, particularly for those individuals who may not
have access or are uncomfortable venturing into these
environments (54, 120-123). This technology provides a feasible
and cost-effective means interactions
with nature (16, 121, 122).

Growing evidence supports the therapeutic potential of 360-

of enabling realistic

degree VR nature videos, demonstrating improvements in mood
and stress reductions in healthy young and middle-aged adults,
(124-126).
psychological impacts such as improved mood levels have been

as well as university students These positive
objectively measured using parameters like electrodermal activity,
heart rate variability, and standardized affect scales (124-126).
Beyond psychological well-being, VR nature experiences have
been linked to enhancements in cognitive functioning (127, 128).
Studies have suggested that immersive nature videos can restore
attention and reduce physiological stress levels (17, 127). For
360-degree

demonstrated restorative effects on attention, measured both

instance, a study featuring nature  videos
subjectively and objectively (127). Another study reported
significant stress reductions when participants were exposed to
VR visuals of parks and forests, paired with congruent natural
auditory and olfactory stimuli (17).

However, Sadowski and Khoury (54) point out that the current
research on VR-based nature experiences comes with limitations.

They highlight that most studies have focused on healthy,
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younger, or middle-aged adults, often with small sample sizes, thus
restricting the generalizability of the findings (54). Also, while
many studies have evaluated both physiological and psychological
outcomes, the lack of longitudinal research leaves the long-
term effects of VR nature experiences unclear. Consequently,
more studies are needed to clarify the lasting impact of
such interventions on affective

states, cognitive function,

and stress levels (54).

Nature, virtual reality & preoperative
anxiety

The literature search conducted did not yield any studies
explicitly investigating the application of nature-based virtual
reality (VR) interventions to alleviate preoperative anxiety in
children. Moreover, no such studies were found targeting an
adult population. Nevertheless, the existing body of literature
implies the potential advantages of employing nature-based VR
experiences to attenuate preoperative anxiety in children. Several
studies have probed the use of VR interventions across varied
demographics, including adults and non-clinical samples,
reporting positive effects in terms of reducing anxiety and
enhancing overall well-being (54).

Virtual reality interventions, particularly those incorporating
natural environments, have the potential to provide an
engrossing and captivating experience. This could be particularly
beneficial in engaging children and reducing anxiety associated
with surgical procedures. Additionally, VR presents a secure and
controlled setting that could alleviate the typical fears and
apprehensions associated with surgical procedures in pediatric
patients. However, it is paramount to emphasize the necessity for
rigorous  empirical  research  specifically evaluating the
effectiveness of nature-based VR interventions in managing
preoperative anxiety in children. Comprehensive studies are
warranted to assess the impact of such interventions on anxiety
levels, psychological well-being, and other relevant outcomes in
the pediatric demographic. This would provide compelling
evidence for the application of nature-based VR interventions as
a safe and efficacious approach to managing preoperative anxiety
in children, thereby enhancing their surgical experience and

overall well-being.

Mindfulness, nature & VR:
complementary tools to reduce
preoperative anxiety

The connection between mindfulness and nature lies in their
shared ability to induce a sense of tranquility and mental clarity,
and a deeper connection with oneself and the natural world,
ultimately supporting the key mechanisms of mindfulness.
Practicing mindfulness in a natural environment facilitates
attention regulation by anchoring the mind in present-moment
experiences (11). It encourages body awareness as individuals
attune to their physical responses to the natural world. It also
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aids emotional regulation, as being in nature often provokes
feelings of peace and contentment, providing a serene backdrop
for observing and accepting emotions (129). Lastly, immersing
oneself in the natural environment can encourage a shift in self-
interconnectedness and

perception, sense of

minimizing ego-centric thinking, aligning with the “decentering”

promoting a

goal of mindfulness (130).

Virtual reality (VR) technology offers exciting possibilities for
combining mindfulness and nature experiences, providing
immersive and realistic environments that can enhance the
effectiveness of therapeutic interventions, particularly through the
mechanisms of mindfulness (88). VR allows individuals to be
transported to simulated natural settings, where they can engage
in mindfulness practices, facilitating attention regulation by
minimizing external distractions and focusing on the present
moment within the natural environment (14). This immersive
technology also helps improve body awareness, as individuals can
attune to their physical responses to the virtually represented
elements of nature. Emotional regulation is further facilitated, as
VR can realistically depict serene environments such as forests or
beaches, triggering peaceful and calming emotions that can help
in processing emotional experiences effectively.

In the specific context of pediatric preoperative anxiety, the
combination of mindfulness, nature, and VR can aid in fostering
a sense of decentering. By creating virtual environments that
depict serene natural landscapes, children can gain perspective
that their anxious thoughts and feelings are transient and do not
define their experience (13). Within these virtual environments,
children can engage in guided mindfulness exercises tailored to
their age and cognitive abilities, such as focused breathing or
body scan meditation (63). These exercises, when paired with the
engaging and immersive VR nature environment, can
significantly enhance their mindfulness practice. It not only
appealing,
consistency, but it also strengthens their ability to regulate

makes the practice more thereby encouraging
emotions and maintain attention, contributing to a reduction in
preoperative anxiety.

To ensure the effectiveness of VR-based mindfulness in
nature interventions for pediatric preoperative anxiety,
comprehensive research is warranted. Rigorous studies should
explore various aspects, such as the optimal design of VR
environments, the specific types and durations of mindfulness
exercises, and the most effective ways to introduce and support
children in using these interventions. It is crucial to consider
factors such as age-appropriate content, engaging interactive
elements, and tailored guidance to facilitate a positive and
impactful experience for children.
should

mechanisms through which mindfulness in nature and VR-based

Furthermore, research examine the underlying
interventions exert their effects on preoperative anxiety. This
could involve investigating physiological markers of stress, neural
activity patterns, and subjective experiences reported by children
during and after the VR interventions. Long-term follow-up
studies are also essential to evaluate the durability of the
intervention’s effects and assess its potential for fostering long-

lasting resilience and well-being in children facing surgery.
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TABLE 1 Mindfulness-based interventions in pediatric surgical practice.

gt Desapion

Prevalence of preoperative | Over 75% of pediatric surgery patients experience
anxiety preoperative anxiety, leading to complicated

recoveries.

Physiological manifestations | Symptoms include restlessness, labored breathing,

of anxiety trembling, crying, and in some cases, physical
restraint is required.

Current interventions Existing interventions (e.g., puppet shows,
animators) are less effective for older children and

lack self-regulation techniques.

Mindfulness-based
interventions (MBIs)

MBIs involve purposeful, non-judgmental attention
to the present moment and can effectively reduce
mental health symptoms in youth.

Challenges in practicing Children may find practicing mindfulness
mindfulness challenging and boring due to the lack of sensory
input and engagement.

Role of Virtual Reality (VR)

in MBIs

VR provides an engaging 3-D practice environment,
minimizing distractions and enhancing presence,
making MBIs more appealing and effective for
children.

Nature-based VR settings Nature-based VR settings in mindfulness training

can bridge the gap for beginners by providing an
engaging, distraction-minimized environment that
enhances presence.

By integrating mindfulness, the healing power of nature, and
the immersive qualities of VR technology, interventions targeting
pediatric preoperative anxiety can be comprehensive, engaging,
and tailored to meet the unique needs of children. As the field
continues to evolve, ongoing research and innovation will further
advance our understanding and refine the use of mindfulness in
nature delivered through VR as a valuable intervention tool for
reducing pediatric preoperative anxiety. A summary of findings
can be found in Table 1.

Critical evaluation: limitations, gaps,
future directions

Limitations of a nature-based mindfulness virtual reality
intervention to reduce pediatric preoperative anxiety can be
identified in several areas. Firstly, there is limited research
specifically focusing on the use of nature-based mindfulness
virtual reality interventions for pediatric preoperative anxiety.
The scarcity of studies restricts the depth of understanding
regarding its effectiveness and specific application in this
context (43). While studies have demonstrated the effectiveness
of virtual reality interventions in reducing anxiety in children,
particularly in the preoperative setting, there is a need for more
research specifically examining the impact of nature-based
mindfulness interventions.

Additionally, the heterogeneity of interventions used in studies
poses a challenge in drawing definitive conclusions about the most
effective elements of the intervention. Nature-based mindfulness
virtual reality interventions may vary in terms of content,
duration, and specific components, which can impact their
(131). Establishing

nature-based

effectiveness standardized protocols for

implementing mindfulness  virtual  reality

interventions is another critical gap in the literature. This
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includes determining the optimal duration, frequency, and
content of intervention sessions, as well as identifying specific
nature elements and mindfulness techniques that are most
effective in reducing pediatric preoperative anxiety.

Moreover, many studies investigating a form of this
small
generalizability of the findings to a larger population. The bulk of

intervention often have sample sizes, limiting the
the research that closely relates to this review was conducted in
Asia, further impacting the generalizability of the results. While a
lot of research has been conducted with adults, it is not
appropriate to make assumptions or extrapolate findings to the
youth population without specific evidence. Future research
should focus on youth-specific interventions and consider the
unique characteristics and needs of this population. The lack of
long-term follow-up is another limitation. Many studies focus on
short-term outcomes immediately before or after the surgical
procedure (one time post intervention follow up only), but the
long-term effects (3-6 months post intervention) of a nature-
based mindfulness virtual reality intervention on sustained
reduction not

anxiety and postoperative

well-explored. It is crucial to investigate the sustained impact of

recovery  are
these interventions on postoperative anxiety, recovery, and
overall well-being.

The external validity of the findings may be limited due to the
controlled research settings in which studies are conducted. Real-
world clinical settings may present different challenges, patient
characteristics, and dynamics that could affect the effectiveness of
the intervention. Furthermore, comparative studies directly
comparing the nature-based mindfulness VR intervention with
other standard anxiety management techniques or alternative
interventions are lacking. Comparative studies are necessary to
determine the relative efficacy and advantages of the intervention
compared to existing approaches. Conducting such studies would
provide valuable insights into the relative benefits and potential
synergies of different approaches, including pharmacological and
traditional non-pharmacological interventions.

Moreover, while initial studies have shown promise, the long-
term feasibility and scalability of implementing nature-based
mindfulness VR interventions in real-world clinical settings are
yet to be fully understood. Further research should explore the
practical considerations, implementation challenges, and potential
integration of these interventions into existing healthcare
workflows. Addressing these gaps through rigorous research will
contribute to the advancement of knowledge and application of
nature-based mindfulness VR interventions for reducing pediatric
preoperative anxiety, ultimately enhancing perioperative care and
postoperative outcomes for children.

Advancements in VR technology should be considered to
ensure the continued effectiveness and engagement of Nature-
Based Mindfulness Programs using VR. Staying up-to-date with
improvements in visual and auditory fidelity, immersive
experience, and user-friendly interfaces of VR platforms can
enhance the effectiveness and acceptability of these interventions.

Addressing these limitations through further research, larger
and more diverse samples, long-term follow-ups, rigorous study
and  consideration of ethical

designs, and  practical
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implementation factors will contribute to a better understanding of
the effectiveness and potential of nature-based mindfulness VR
interventions for reducing pediatric preoperative anxiety. By
addressing these future directions, researchers and practitioners
can optimize Nature-Based Mindfulness Programs using VR to
effectively reduce pediatric perioperative anxiety and improve
outcomes for children undergoing surgery.

Implications
Implications for research

The utilization of nature-based mindfulness programs in VR to
alleviate pediatric perioperative anxiety introduces numerous
research implications, each bearing significance for the future of
perioperative care and the development of non-pharmacological
interventions. The first major implication centers on establishing
the efficacy and effectiveness of these interventions. Thorough
investigation through well-structured Randomized Controlled
Trials (RCTs) is imperative to substantiate the value of VR-based
interventions compared to traditional methods of treatment or
control conditions. The impact of these interventions must be
gauged not solely by the degree to which they reduce anxiety,
but also by their potential to enhance other facets of the patient
This
perception, patient satisfaction, recovery times, and overall

experience. includes measuring the effects on pain
healthcare experience. These studies will be foundational in
developing a persuasive evidence base for the adoption of such
technologies in routine pediatric perioperative care.

In tandem with understanding the overall effectiveness of these
interventions, it is also crucial to unearth the mechanisms of action
that underpin their utility. This involves in-depth examination of the
components that make VR-based nature mindfulness programs
effective at reducing perioperative anxiety. Are the therapeutic
benefits driven by immersion, engagement, distraction, relaxation,
or the mindfulness practices themselves? Detailed exploration into
these questions can provide valuable insights for fine-tuning these
interventions and enhancing their therapeutic potential.

Another the

personalization and optimization of these interventions for

significant research implication lies in
individual patients. This could involve understanding how
different virtual environments or mindfulness practices influence
the effectiveness of the program, as well as how much guidance
or interaction should be provided. Investigations in this area can
further VR-based

mindfulness interventions to cater to the unique needs and

our understanding of how to tailor
preferences of each child, which could significantly enhance the
effectiveness and acceptability of these interventions.

The long-term effects of these interventions represent another
important area for research. Longitudinal studies can shed light on
whether these interventions lead to sustained reductions in anxiety,
foster improved resilience, or develop better coping skills in the
postoperative period. Such findings could have far-reaching
implications for pediatric perioperative care, and potentially for

the broader field of pediatric health care.
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There’s also a significant need to understand the practicalities
and logistics of implementing these interventions. This includes
studying the cost-effectiveness of VR-based nature mindfulness
programs, understanding how they can be seamlessly integrated
into existing healthcare workflows, and identifying the training
of healthcare these
interventions. The findings from this line of research can inform

needs providers who will deliver
strategies to scale up these interventions and ensure their
sustainable adoption within healthcare settings.

Equally important is the need to research issues around
accessibility and equity. Given the technological nature of VR-
based mindfulness interventions, there’s potential for disparities
in access due to factors such as socioeconomic status,
geographical location, or sensory impairments. Uncovering these
barriers and devising strategies to overcome them is essential to
ensure that all pediatric patients can benefit from these
interventions, irrespective of their background or circumstances.

Finally, it is of paramount importance to ensure that these
interventions are safe and acceptable for pediatric patients. This
necessitates research into potential side effects of VR usage, such
as motion sickness or disorientation, and the investigation into
patients’ and parents’ attitudes towards these interventions.
Establishing the safety and acceptability of these interventions is
a key step towards their wider acceptance and use in pediatric
perioperative care.

In summary, while the potential of nature-based mindfulness
programs using VR in reducing pediatric perioperative anxiety is
significant, there is a pressing need for rigorous research to
unlock their full potential. This research should focus on a broad
range of areas, from effectiveness and mechanisms of action to
practical and ethical considerations, in order to provide a
comprehensive understanding of how best to utilize these

innovative interventions in pediatric perioperative care.

Implications for practice

Implementing a mindfulness program based on nature and
utilizing VR can be an effective approach to reducing pediatric
anxiety. This could have clinical
implications, including improving the overall patient experience.

perioperative significant
Traditional strategies such as sedation can have unwanted side
effects, and a non-pharmacological intervention like the VR
program can provide a valuable alternative to manage anxiety in
pediatric patients.

Another important implication of the program is the potential
for direct impacts on medical outcomes. High levels of anxiety can
impact physiological responses to stress, which can lead to
complications during and after surgery. By reducing anxiety, this
VR program could improve perioperative outcomes and
potentially reduce recovery time. Moreover, if children find the
VR experience enjoyable, they may be more compliant with
medical procedures and preoperative instructions, leading to
smoother procedures and potentially better outcomes.

However, implementing such a program would require

significant resources. Healthcare providers like clinicians and
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nurses would need training to implement the VR program
They
would also need to learn how to integrate the program into

correctly and troubleshoot any technical issues.

their current workflows without causing disruptions. This

could pose a significant challenge, particularly in busy
perioperative environments.

Another potential issue relates to healthcare costs. While the
VR program could potentially reduce healthcare costs in the long
run by improving outcomes and reducing complications, the
upfront cost of implementing the program (including equipment,
Thus,

effectiveness analyses would be necessary to determine the

software, and training) could be substantial. cost-
program’s financial viability.

Moreover, clinicians would also need to consider patient
selection. While VR offer innovative ways to administer MBIs for
pediatric patients, there are notable limitations that make these
technologies less amenable for some children, including age
restrictions and seizure thresholds. Younger children, especially
those under the age of 10, may find it challenging to use VR due
to the size and weight of the headsets, and the complexity of the
technology. Additionally, concerns regarding the impact of VR on
the developing brains of younger children necessitate cautious use.
Children with a history of seizures or those at risk of seizures
must be carefully considered, as the flashing lights and rapidly
changing visuals in VR environments can trigger seizures in
susceptible individuals. Clinicians would need guidelines to help
them determine who can safely and effectively use the VR program.

When looking at the broader picture, if successful, these types
of interventions could lead to new standards of care in
perioperative management for children. This could result in
widespread adoption and potential changes in policies and
guidelines. However, this also raises questions about equity in
healthcare. Not all healthcare settings may be able to afford the
technology required for VR, which could lead to disparities in
who has access to these potentially beneficial interventions.

Given these constraints, it’s crucial to explore alternative
methods to apply nature-based mindfulness processes without
relying on headsets. One approach is the use of immersive
natural environments in controlled physical spaces, designed to
replicate natural settings with elements like indoor plants, nature
sounds, and panoramic visuals of natural scenes. Another
alternative is guided nature walks or outdoor mindfulness
sessions, leveraging the calming effects of nature and effective for
children who benefit from physical movement and direct
with  the
limitations of VR is essential in developing diverse approaches

interaction environment. Acknowledging these
that cater to the unique needs and conditions of young patients.
In summary, introducing a VR-based nature mindfulness
program into pediatric perioperative care could bring about a
paradigm shift in the management of perioperative anxiety,
improve patient outcomes, and enhance the overall experience.
Nonetheless, it’s important to consider the costs, training
requirements, patient selection criteria, and potential for inequity.
Further research is needed to validate its effectiveness and
evaluate its practicality in diverse healthcare settings. As a result,

this innovative approach could be a valuable and promising
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addition to the perioperative care of pediatric patients, but its
implementation requires careful consideration of its clinical,
practical, and ethical implications.

Conclusion

In conclusion, this review has examined the risks associated
with anxiety in children undergoing surgery, emphasizing its
impact on physical recovery. It has also explored the use of
virtual reality as an intervention to reduce anxiety in children,
providing an overview of the current VR interventions employed
in hospitals. Furthermore, the review has explored the use of VR
in relation to nature and mindfulness separately, discussing
theoretical conceptualizations, clinical applications, and potential
therapeutic efficacy. By examining the connection between
mindfulness, nature, and VR, this review has explored the
potential for an effective intervention. The literature supporting
this connection has been synthesized, highlighting its relevance.
Additionally, the review has addressed the limitations, findings,
gaps, and contradictions in the existing literature, providing
valuable insights. Despite the limitations of the current research,
this review contributes to the existing knowledge and concludes
with research and clinical implications for further exploration
and application of VR interventions in the context of anxiety
management in children undergoing surgery.

Implementing a VR-based nature mindfulness program may
have the potential to effectively reduce pediatric perioperative
anxiety, improving patient experience and potentially enhancing
medical outcomes. However, challenges such as resource
requirements, cost-effectiveness, patient selection, and equity
need to be considered. Further research is necessary to explore
its effectiveness and practicality. Overall, this innovative approach

holds promise for improving perioperative care in children.
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