
Research Paper

Virtual reality deep breathing and guided relaxation training in stress relief 
during needle procedures in paediatric patients: A feasibility study

Elina Karppa a,b,c,* , Kaija Puura a,d, Ilmari Jyskä e, Jari Viik f, Heini Pohjankoski g,  
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A B S T R A C T

Background: The incidence and disease burden of stress-related symptoms in children have increased in recent 
years. Relaxation techniques are beneficial when treating young people experiencing stress, anxiety and fear. 
Thus, new nonpharmacological treatment approaches, such as mindfulness-based methods for paediatric pa
tients, must be introduced.
Methods: This feasibility study compared virtual reality (VR)-based deep breathing and VR-guided relaxation 
exercises as stress relief options for paediatric patients. This study included 41 children aged 8–12 years who 
underwent a needle procedure in a hospital setting. Responses in the autonomic nervous system were monitored 
using heart rate variability (HRV) analysis.
Results: VR-based deep breathing exercise lowered the respiratory rate more than the VR-guided relaxation ex
ercise. HRV measurements taken 1 min before and after the exercises showed significant activation of the 
parasympathetic nervous system (PNS) during training, with the VR-guided relaxation exercise creating a slightly 
more intense response. In the 6-minute HRV analysis, no significant differences were seen between the exercises. 
These findings indicate that both exercises affect the parasympathetic nervous system, with no significant dif
ference between the exercises.
Conclusions: Both types of VR exercises seem to be equally well-received, feasible and promising non
pharmacological treatment options in paediatric clinical practice. VR-based deep breathing and VR-guided 
relaxation training showed great potential as stress relief techniques when dealing with paediatric patients 
undergoing needle procedures.
Trial registration: ISRCTN12712970 was retrospectively registered on 23rd May 2025.

1. Introduction

Stress during a needle procedure is a common experience affecting 
every second child aged 6–17 years (Taddio et al., 2012). Actual needle 
phobia (i.e. trypanophobia) refers to a medical condition that causes 
severe fear-related symptoms, limiting one’s ability to function. The 
aetiology of trypanophobia is multifactorial. Whilst previous traumatic 

experiences related to invasive procedures have been shown to cause 
fear, anxiety and avoidance behaviour by direct conditioning, genetic 
and environmental factors also contribute to the development of actual 
phobias (King et al., 1998). The median age of the onset of needle phobia 
is 5.5. years (BIENVENU and EATON, 1998), and the prevalence de
creases with age (Muris et al., 2000). This age-related decrease is pre
sumably due to the development of self-regulation skills (Morales et al., 
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2018) and learning from previous experiences (Braithwaite et al., 2022).
For the reasons stated above, there is a need to identify and develop 

supportive methods for fearful children, especially paediatric patients, 
who are repeatedly forced to undergo procedures. Traditionally, fear of 
needles has been managed by providing age-appropriate education 
about the needle procedure or simply numbing the skin with lidocaine 
cream. However, the disadvantage of these approaches is that they do 
not involve positive learning, nor do they support self-efficacy or 
strengthen a child’s sense of control.

Relaxation techniques, such as mindfulness, deep breathing, medi
tation, progressive muscle relaxation and yoga, are commonly used to 
regulate the intensity of experienced stress. Mindfulness-based stress 
reduction methods (MBSR) seem to be efficient in relieving anxiety 
symptoms (Yumkhaibam et al., 2024; Khoury et al., 2015). Furthermore, 
adherence to MBSRs is high (Fumero et al., 2020). Compared to cogni
tive behavioural therapy (CBT), in some studies, MBSR has been shown 
to be more effective at reducing worries (Arch et al., 2013). Addition
ally, nature-based interventions offer a promising approach to the 
treatment of mental disorders (Paredes-Céspedes et al., 2024) (Van den 
Berg, 2017). Even a brief exposure to nature can reduce stress and 
improve working memory, cognitive flexibility, and attention (Schertz 
and Berman, 2019). Moreover, guided imaginary nature interventions 
have shown promising results (Nguyen and Brymer, 2018).

At the same time, relaxation techniques seem particularly beneficial 
when treating young people with anxiety. A recent review on relaxation 
techniques in children and adolescents reported that the age of the study 
patients was inversely related to the reduction of anxiety symptoms 
(Hamdani et al., 2022; Manzoni et al., 2008). This finding supports the 
idea of integrating relaxation techniques into routine treatment strate
gies for anxious youngsters.

Existing literature suggests that delivering MBSR in a virtual reality 
(VR) context can be a promising approach to reduce external distrac
tions and enhance attentional engagement. Furthermore, immersive VR 
technology can be beneficial in experiential learning. To date, VR-based 
mindfulness, relaxation and distraction methods have been studied in 
children and adolescents in various clinical practices, such as a tool of 
pain management and anxiety reduction. Notably, most clinical studies 
rely on distraction-based content, which reduces pain and fear during 
the procedure by pulling the attention away from the source of fear. The 
problem is that, in this approach, the child remains a passive recipient, 
and the effect ends once the distraction is over. To provide the child with 
self-regulatory skills, active exercise targeting autonomic arousal and 
emotional control is crucial, thereby enabling the child to reuse the new 
skills and positive learning experience in future situations. Being rather 
an active agent instead of a passive observer can also reduce the risk of 
fear conditioning and generalisation.

MBSR and controlled breathing influence the physiological stress 
response by modulating ANS activity. Slow breathing, mindful attention 
and conscious presence have been associated with reduced sympathetic 
nervous system (SNS) activity and enhanced parasympathetic nervous 
system (PNS) tone, resulting in lowered heart rate, lower blood pressure, 
and increased heart rate variability (HRV). Therefore, determining heart 
rate variability is an objective, non-invasive method to measure stress 
(Kim et al., 2018) and anxiety responses in the ANS (Tomasi et al., 2024; 
Cheng et al., 2022). Reduced activity in the parasympathetic nervous 
system (PNS), which is manifested as high frequency (HF) and increased 
low frequency (LF) in HRV analysis, is typically associated with stress 
and anxiety symptoms (Farhan et al., 2023). A study reported that low 
beat-to-beat variance correlates with self-reported stress and high sali
vary cortisol levels (Michels et al., 2013). Furthermore, patients with 
anxiety disorders have significantly lower resting-state HRV than the 
healthy population (Cheng et al., 2022) (Tomasi et al., 2024).

Presumably, deep breathing influences the stress response by 
modulating the respiratory rhythm and the dominance of the SNS over 
the PNS. In contrast, the relaxation exercise is expected to be a more 
holistic approach, combining attentional focus, bodily relaxation, and 

emotional control, resulting in stress relief across multiple cognitive and 
emotional pathways. This additional information can support more 
informed decisions regarding which types of interventions should be 
prioritised in the future research.

This feasibility study compares virtual reality VR-based deep 
breathing and VR-guided relaxation exercises in managing stress in 
paediatric patients during needle procedures. The aim is to examine 
whether deep breathing and relaxation exercises differ in their effects on 
the physiological stress response, using HRV as the primary objective. 
The target is not only to determine whether the interventions work, but 
also to distinguish how these modalities affect the ANS in pediatric 
patients.

2. Patients and methods

2.1. Study design

A total of 41 children aged 8–12 years were included in this study 
(Fig. 1). All patients were intravenously cannulated for a treatment- or 
examination-related indication at Tampere University Hospital or 
Päijät-Häme Central Hospital in Finland from 2022 to 2024. Patients 
were recruited from outpatient visits, assigned to either group, and 
tasked with performing different exercises. As the study patients were 
recruited during a routine hospital visit, assignment to the different 
intervention groups was conducted in numerical order rather than by 
randomisation Fig. 2.

The inclusion criteria were age (8–12 years) and literacy and fluency 
in Finnish. Patients with epilepsy, unstable heart conditions, problems 
with hearing or sight and a history of vertigo were excluded. The criteria 
were screened by a study nurse through a basic medical history 
interview.

During the interview, the study patients were asked about the 
number of their previous injection procedures, the pain- and fear-relief 
methods used during earlier procedures, and the level of fear they 
experienced in relation to injection procedures (severe phobia-level fear, 
moderate fear affecting functional capacity, mild nervousness, or fear 
previously experienced that has since resolved).

Study patients had the opportunity to have skin-numbing cream 
(lidocaine/prilocaine 25 mg/g) on the injection site prior to the pro
cedure, depending on their own wish.

The Virtual Natural Environment (VirNE) application, developed for 
the purpose of this study, is a combination of a 360◦ audiovisual VR 
environment and (1) deep breathing or (2) guided relaxation exercise. A 
head-mounted display (©Oculus Quest 2, Meta Platforms Inc, Cam
bridge, US) was used to help the patients follow the exercise guidance. 
The exercises involved observing an audiovisual nature landscape and 
following verbal instructions (Jyskä et al., 2023; Jyskä et al., 2023). The 
patients were allowed to choose the scenery (ocean, lake, or forest) they 
liked most.

The VR-based deep breathing exercise guides patients, helping them 
calm down during the breathing cycle and lengthen the respiratory 
phases. A virtual ball directs respiration by widening and shrinking in a 
predetermined rhythm of 10 breaths per minute. The exercise duration 
is 6 min.

In the VR-guided relaxation exercise, each patient is guided by a 
gentle voice through a six-phase mindfulness-based relaxation exercise 
consisting of the following: an introduction, setting body posture, 
conscious slow breathing, relaxing the body, relaxing the mind, and 
returning to a normal mental state. The exercise duration is approxi
mately 7 min. Intravenous cannulation is performed in the middle of the 
exercise at a fixed point.

The study patients were assisted in wearing the VR headset while 
being in a half-sitting position on the bed in the examination room. After 
approximately 4 min of following the training guidance through the VR 
headset, either an experienced nurse or a paediatrician placed the 
intravenous cannula in a superficial vein on either the back of the hand 
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or the elbow fold. After the needle procedure, the study patients 
continued performing the selected exercise.

2.2. Ethical considerations

After detailed information about the study and the upcoming pro
cedure was provided, written informed consent was obtained from both 
the patient and the caregiver. This study was approved by the ethics 
committee of the Tampere Region, Finland; (R21068L,R21070L). The 
study was performed in accordance with the Declaration of Helsinki. 
The national authority supervising clinical device trials (The Finnish 
Medicines Agency, FIMEA) also approved the study (Dnro 2021/ 
007366). The study was retrospectively registered (ISRCTN; 12,712,970 
on 23rd May 2025). All data were collected prior to analysis. Data 
collection followed a predefined protocol and was completed before any 
exploratory analyses were conducted. Since the study wasn’t preregis
tered, analyses should be interpreted as exploratory and hypothesis- 
generating. Due to ethical and privacy considerations related to pedi
atric clinical data, the datasets are not publicly available. Data can be 
made available from the corresponding author upon reasonable request.

2.3. Heart rate variability – primary outcome

HR measurements were recorded with an electrical HR sensor 
(©Polar H10 chest strap; Polar Oy, Kempele, Finland). Kubios HRV 
Scientific analysis software (©Kubios Oy, Kuopio, Finland) was used to 
analyse the beat-to-beat data and to determine the HRV parameters used 

in the study. The settings used in signal preprocessing were as follows: 
an automatic sampling rate, an interpolation rate of 4 Hz, medium-level 
automatic noise detection, and automatic correction for artefacts and 
ectopic beats. Time series trend removal based on smoothness prior to 
regularisation, with a cut-off frequency of 0.035 Hz.

The HRV analysis was performed in two segments (Fig. 3): (1) a 6- 
minute period representing the stress load in total, including the intra
venous cannulation at 4 min, and (2) 60 s before and after the exercise 
ended. The latter was selected to represent the recovery phase after the 
needle procedure, covering both periods with and without the 
intervention.

Of the 41 HRV recordings, 38 were eligible for analysis. In the VR- 
based deep breathing group, 2 study patients were excluded due to 
very low adherence to the intervention. In the VR-guided relaxation 
group, 1 patient was excluded after discontinuing the exercise. One 
additional patient in the VR-guided relaxation group was excluded from 
the analysis of the 1-minute period before and after the exercise ended 
due to poor HRV data quality.

The HRV time-domain measures calculate the time intervals between 
heartbeats. Here, SDNN represents the standard deviation of normal-to- 
normal intervals, reflecting overall HRV and correlating well with 
parasympathetic activity in short-term recordings (Shaffer and 
Ginsberg, 2017). A rise in SDNN is mediated by an increased respira
tory effect on HR (Soer et al., 2021). The root mean square of successive 
differences (RMSSD) represents the beat-to-beat variance in HR. 
Increased RMSSD reflects vagal activity, which can be indirectly and 
context-dependently associated with reduced stress in healthy adults 

Fig. 1. Timeline of the intervention situation depicting the main events of the process. Heart rate monitoring began at least 5 min before the intervention and ended 
at least 2 min after. RR = respiratory rate, BP = blood pressure, HR = heart rate, Spo2 = oxygen saturation level.

Fig. 2. A and 2B Representations of the VirNE exercises: the scenery in the VR-based deep breathing exercise (1A) and VR-guided relaxation exercise (1B). In both 
exercises, the visual scene is a natural landscape that the user can explore by turning their head. In the VR-based deep breathing exercise, the user sees a sphere that 
visually helps to maintain the predefined breathing rhythm.
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(Hannon et al., 2025). High-frequency (HFnu) and low-frequency 
(LFnu) bands in the fast Fourier transform (FFT) spectrum, normalised 
units, are frequency-domain measurements that correlate with ANS 
dominance. Absolute values of high frequency (HFabs) and low fre
quency (LFabs) in FFT spectrum measure the actual power in millisec
onds squared (ms (King et al., 1998)), reflecting the total amount of 
autonomic output (Amekran et al., 2024).

High HFnu is associated with greater activation in PNS (Vreijling 
et al., 2021; Garbilis and Mednieks, 2024). However, the interpreta
tion of LFnu measurement is contradictory. Low LFnu may represent 
decreased parasympathetic activity and higher sympathetic activity 
(Cheng et al., 2022), whilst HFnu correlates well with RMSSD (Shaffer 
and Ginsberg, 2017). The PNS index (PNS-index) mirrors the cardiac 
activity in the PNS, whilst the sympathetic nervous system index 
(SNS-index) rates sympathetic activation. PNS index is measured 
through mean RR interval, RMSSD and Poincaré Plot Index SD1 in 
normalised units. If the PNS index is 0, it indicates the average para
sympathetic activation relative to the average adult population. In 
general, PNS activation affects HRV by decreasing HR and increasing 
respiratory sinus arrhythmia. The SNS index is measured using mean 
HR, Baevskýs stress index (SI), and Poincaré Plot Index SD2, all in 
normalised units. If the SNS index is 0, it indicates average sympathetic 
activity relative to the average population. Thereby, the effect of the SNS 
on heart rate is generally opposite to the PNS. (Chand et al., 2024) The 
SI, the square root of Baevsky’s SI, quantifies the activation in the SNS, 
thus leading to reduced HRV (Huizinga et al., 2025). The SI is a geo
metric HRV measure; high values may indicate significant SNS activa
tion and reduced HRV.

2.4. Secondary outcomes

Physiological measurements (blood pressure, oxygen saturation, 
heart rate, and body temperature) were taken before and after exercise 
(Fig. 1). Blood pressure was measured using an automated blood pres
sure monitor. Oxygen saturation was assessed with a pulse oximeter, and 
body temperature was measured using a tympanic ear thermometer. 
Respiratory rate was determined before, during and after the exercise 
(Fig. 1), by counting the number of breaths over a one-minute obser
vation period.

2.5. Statistical analysis

IBM SPSS Statistics software version 29.0 was used for data analysis. 
The independent samples t-test or the paired sample t-test was used for 
continuous, normally distributed variables, and the Mann–Whitney U 
test or the Wilcoxon signed-rank test was used for nonnormally 
distributed variables. All categorical variables were tested with either 
the chi-square or the Fisher test. The hypotheses were 2-sided, with p- 
value <0.05 being set to the level of significance.

As a feasibility study, the sample size was based on pragmatic con
siderations rather than formal power calculations.

3. Results

3.1. Sample characteristics

Upon comparing the characteristic features (age, sex, previously 
used interventions during venipuncture, such as VR headset, nitrous 
oxide gas or distraction with a phone, number of previous venipunctures 
and self-reported fear of needles) (Table 1), no significant differences 
were shown between the two exercise groups. Furthermore, there was 
no significant correlation between the age or sex of the patients or the 
number of prior intravenous cannulations compared with the reported 
fear of needles.

3.2. Physiological measurements before and after the procedure

The physiological parameters showed no significant differences be
tween the VR-based deep breathing and VR-guided relaxation exercise 
groups. However, the RR decreased slightly more in the former group (p 
= 0.079) (Table 2). In both groups, the RR decreased with exercise and 
remained lower than pre-procedure levels.

3.3. Heart rate variability

Both study groups showed indicative changes, suggesting reduced 

Fig. 3. The time segments for HRV analysis. (1) is a 6-minute period representing the stress load in total, including intravenous cannulation at 4 min. (2) is 60 s 
before and after the exercise ended, reflecting the recovery phase after the stress.

Table 1 
Study patient characteristics.

VR-based Deep 
breathing exercise 
N = 21

VR-guided 
relaxation 
exercise 
N = 20

p- 
value

Age, y 
Mean (SD) 9.95 (1.2) 10.65 (1.3) 0.083

Sex, n (%) 
Female  
Male

13 (61.9) 
8 (38.1)

12 (60) 
8 (40)

0.901

Previously used interventions 
on venipuncture (%) 

Topical numbing cream 
Other 
None

10 (47.6%) 
1 (4.8%) 
10 (47.6%)

6 (30.0%) 
1 (5%) 
13 (65.0%)

0.505

Use of topical numbing cream 
during this intervention 

Yes 
No

15 (71.4) 
6 (28.6)

12 (60) 
8 (40)

0.440

Previous Venipuncture, no 
0–3 
4–10 
11 or more

11 (52.4) 
5 (23.8) 
5 (23.8)

13 (65) 
2 (10) 
5 (25)

0.489

Fear of needles 
Yes (%) 
No (%)

18 (85.7) 
3 (14.3)

12 (60) 
8 (40)

0.063

Regular physical training 
Yes 
No

7 (33.3) 
14 (67.7)

7 (35) 
13 (65)

0.910
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stress in HRV parameters 1 min before and after exercise (Tables 3 and 4, 
respectively). At the end of the exercises, the HF changed from 55.75 to 
41.42 (p = 0.025) in the VR-based deep breathing group and from 47.55 
to 40.54 (p = 0.246) in the VR-guided relaxation group. The respective 
changes in the LF ranged from 44.18 to 58.53 (p = 0.025) in the deep 
breathing group and from 52.40 to 59.47 (p = 0.241) in the guided 
relaxation group. Both the RMSDD and PNS showed activation in the 
PNS in the guided relaxation group (Table 4). However, there were no 
significant differences between the study groups in the HRV parameters 
Table 5.

In the 6-minute HRV recording period, no significant differences 
were shown between the exercises in terms of exercise-related PNS 
activation.

4. Discussion

This feasibility study aimed to compare two novel non
pharmacological, VR-mediated interventions designed to alleviate stress 
in child patients undergoing needle procedures. The effects of the sug
gested exercises on the ANS were measured using HRV as a physiological 
marker of stress and recovery. Overall, the findings demonstrate that the 
children aged 8–12 years were able to perform both VR-based exercises, 
supporting the practical feasibility of these approaches in a clinical 
setting.

Both interventions produced statistically significant changes in HRV 
parameters, particularly when comparing the periods immediately 
before and after the exercises ended. These findings suggest an exercise- 
related response in the PNS that was slightly more evident during the 
VR-guided relaxation exercise. Importantly, when comparing the 6-min
ute periods across the exercises, no significant differences were 
observed, suggesting that both modalities were comparably effective in 
supporting autonomic regulation.

As expected, the deep breathing exercise had a more pronounced 
effect on RR, as the breathing rhythm was explicitly guided. Notably, the 
guided relaxation also calmed down the breathing, even without 
continuous guidance on the breathing cycle. This suggests that 

Table 2 
Effects of the intervention on the VR-based deep breathing and VR-guided 
relaxation exercise groups.

VR-based deep 
breathing exercise 
n = 21

VR-guided 
relaxation exercise 
n = 20

p- 
value

Respiratory rate (RR) 
Breaths per minute

​ ​ ​

Mean RR before the 
procedure (SD)

19.33 (3.425) 19.60 (2.037) 0.765

Median RR during the 
intervention(Q1;Q3)

15.10 (12;16.50) 16.37 (14;18) 0.079

Mean RR after the 
procedure (SD)

17.57 (2.561) 17.53 (2.480) 0.955

Mean difference between 
before and after (SD)

− 1.762 (3.300) − 1.947 (2.121) 0.836

Table 3 
VR-based deep breathing exercise: An analysis of the HRV parameters 1 min 
before and 1 min after the exercise ended.

N = 19 1 min before the 
training ended

1 min after the training 
ended

p- 
value

HR ​ ​ ​
Mean beats per 

minute (SD)
89.68 (15.31) 90.74 (10.35) 0.644

SDNN ​ ​ ​
Mean ms (SD) 48.72 (22.68) 42.91 (16.45) 0.174
RMSSD ​ ​ ​
Median (Q1;Q3) 40.80 (22.10;56.60) 36.70 (20.20;43.00) 0.077
Stress index ​ ​ ​
Median (Q1;Q3) 12.80 (8.50;17.20) 13.60 (11.30;18.80) 0.117
LFnu ​ ​ ​
Mean (%) (SD) 44.18 (20.19) 58.53 (16.25) 0.025
HFnu ​ ​ ​
Mean (%) (SD) 55.75 (20.20) 41.42 (16.25) 0.025
LFabs ​ ​ ​
Median (ms2)(Q1; 

Q3)
685 (280;1387) 709 (349; 1996) 0.445

HFabs ​ ​ ​
Median (ms2)(Q1; 

Q3)
918 (308; 2336) 549 (286; 1393) 0.020

PNS-index ​ ​ ​
Mean (SD) − 1.05 (1.24) − 1.39 (0.75) 0.141
SNS-index ​ ​ ​
Mean (SD) 2.29 (2.03) 2.50 (1.34) 0.550

Table 4 
VR-guided relaxation exercise: An analysis of the HRV parameters 1 min before 
and 1 min after the exercise ended.

N = 18 1 min before the 
training ended

1 min after the 
training ended

p-value

HR 
Mean beats per 
minute (SD)

86.00 (16.215) 89.00 (15.639) 0.030

SDNN 
Mean (ms) (SD) 64.67 (35.80) 57.47 (35.95) 0.123

RMSSD 
Mean (ms) (SD) 63.53 (43.523) 51.42 (42.00) <0.001

Stress index 
Mdn (Q1;Q3) 8.90 (6.00;13.85) 11.25 (6.95;16.15) 0.076

LFnu 
Mean (%) (SD) 52.40 (19.83) 59.47 (22.27) 0.241

HFnu 
Mean (%) (SD) 47.55 (19.83) 40.54 (22.40) 0.246

LFabs 
Median (ms2)(Q1; 
Q3)

1766 (598.75; 
3373.50)

1233 (458; 2605) 0.435

HFabs 
Median (ms2)(Q1; 
Q3)

1223 (729.75; 4164.5) 687 (282.50; 
4198.50)

0.062

PNS-index 
Mean (SD) − 0.34 (1.88) − 0.82 (1.75) <0.001

SNS-index 
Mean (SD) 1.58 (2.07) 2.35 (2.48) 0.018

Table 5 
Evaluating the effects in stress reduction of the exercise groups: A comparison of 
the HRV parameters during the 6-minute VR-based deep breathing and VR- 
guided relaxation exercises.

Deep breathing 
(n = 19)

Relaxation 
(n = 19)

p- 
value

HR 
Mean beats per minute 
(SD)

91.19 (14.26) 90.26 (17.20) 0.857

SDNN 
Mdn (ms) (Q1;Q3) 53.20 (45.70;64.50) 54.70 

(42.60;98.80)
0.672

RMSSD 
Mdn (ms) (Q1;Q3) 45.30 (33.70;67.20) 44.10 

(32.50;84.60)
0.782

Stress index 
Mdn (Q1;Q3) 9.00 (7.00;10.60) 9.50 (5.60;12.60) 0.793

LFnu 
Mean (%) (SD) 38.40 (16.29) 49.76 (17.33) 0.045

HFnu 
Mean (%) (SD) 61.57 (16.29) 50.20 (17.31) 0.044

LFabs 
Median (ms2) (Q1;Q3) 997 (635;1657) 1544 (543; 2778) 0.274

HFabs 
Median (ms2) (Q1;Q3) 2146 (1494;2981) 1449 (895;4088) 0.405

PNS-index 
Mdn (Q1;Q3) − 1.17 

(− 1.74;− 0.16)
− 1.06 
(− 1.76;0.05)

0.815

SNS-index 
Mdn (Q1;Q3) 1.57 (0.63;2.43) 1.65 (0.60;2.75) 0.907
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immersive relaxation alone may facilitate spontaneous regulation of 
respiration. Studies on adults have shown that a lower RR in the post- 
training phase is correlated with psychological and physical well- 
being (Kral et al., 2023). Moreover, natural breathing reduces stress 
hormone levels (i.e. cortisol) (Örün et al., 2021). If the effects on chil
dren are similar, the present study's results suggest that the interventions 
may lead to increased well-being and reduced physiological stress dur
ing medical procedures.

In recent literature, both deep breathing and relaxation training 
seem effective in adults (Toussaint et al., 2021; Morgan et al., 2025) and 
in children (Treves et al., 2023; Zisopoulou and Varvogli, 2023). The 
exercise-related stress reduction can be immediate (Perciavalle et al., 
2017; Örün et al., 2021), but the positive effect can be consequently 
seen, for example, with better quality of sleep (Steinmane and Fernate, 
2025), even under intense stress (Liu et al., 2021; Reinhardt et al., 
2025). However, high-quality randomised controlled trials and sys
tematic reviews comparing different relaxation, mindfulness, and deep 
breathing exercises for reducing stress and anxiety, especially in pedi
atric populations, remain limited, highlighting the need for further 
research.

The HRV parameters used in the study indicated that both in
terventions potentially enhanced the parasympathetic activity, with VR- 
guided relaxation producing a slightly stronger response. This finding 
aligns with evidence demonstrating that deepened breathing stimulates 
vagal tone (Laborde et al., 2022; Magnon et al., 2021). Both psycho
logical and physiological stress are known to affect HRV in various ways, 
amongst which low PNS activity—often reflected as decreased power in 
HFnu band—is the most frequently reported factor (Kim et al., 2018). 
Thus, HRV could serve as an informative tool for addressing the physi
ological effects of stressors. (Immanuel et al., 2023)

Furthermore, HRV-based self-monitoring and self-tracking devices 
for recognising stress are increasingly available. For example, basic 
sports wristwatches use rough optical HRV measurements to track 
indices of recovery, nightly recharge, sleep quality, and daily stress (van 
der Mee et al., 2025; Baron et al., 2018; Driller et al., 2023). A recent 
pilot study showed that when combining the Garmin sports watch with 
an ECG-based Polar H10 chest strap for HRV and stress analysis, the 
Garmin stress index correlates well with HR and HF power. (Rosenbach 
et al., 2025) This may provide interesting opportunities in the future if 
HRV use is expanded as part of self-monitoring and daily biofeedback. 
Being more aware of physiological responses to everyday stressors in 
real-world contexts can help individuals detect stress and distinguish it 
from periods of recovery. Ideally, regular HRV tracking may help the 
individual to identify the early signs of stress and recognise successful 
recovery.

Moreover, self-monitoring data can help clinicians and patients track 
long-term changes in recovery and stress regulation. Greater awareness 
of individual stress responses and improved stress-regulation capacity 
may support coping in brief, frightening, or stressful situations and, in an 
optimal scenario, contribute to the development of a child́s emotion- 
regulation abilities.

But why use VR solutions instead of traditional relaxation tech
niques? Recent studies and user feedback suggest that immersive VR 
environments, when participants engage with the solution and reduce 
surrounding distractions, can deepen the sense of presence and help 
people connect genuinely in the moment. (Ma et al., 2023; Xie et al., 
2025) When comparing virtual nature to actual nature, a systematic 
review and meta-analysis found no significant difference in stress 
reduction between the two modes (Fan and Baharum, 2024). In a clin
ical context where access to calm environments is limited, VR may 
therefore provide a practical and scalable alternative to in vivo nature.

Taken together, our findings and current evidence support the idea of 
using nonpharmaceutical and non-invasive methods when managing 
stress levels experienced by paediatric patients dealing with needle 
procedures. VR-mediated exercises are not only feasible but also easily 
accessible, adaptable and relatively low-cost, making them suitable for 

clinical implementation.
Several limitations should be acknowledged. As a feasibility study, 

the sample size was small, which limits generalisations of the results. A 
larger sample size can provide a deeper understanding of individual 
features, such as previous experiences with mindfulness-based methods 
and a history of sport training, which can affect an individual’s auto
nomic nervous response. Furthermore, future research could target pa
tients with a fear of needles and provide a longer follow-up after the 
intervention. Doing so could yield clinically relevant insights into other 
strategies for supporting paediatric patients experiencing stress and fear 
during treatment. A limitation to consider when interpreting the results 
is that this study didn’t include a control group; to avoid allocation bias, 
the future study should employ randomised controlled designs.

Despite the small number of patients, several results reached statis
tical significance. Nonetheless, the findings should be interpreted 
cautiously and confirmed in larger, adequately powered trials before 
firm conclusions regarding efficacy can be drawn.

5. Conclusion

Both VR-based deep breathing and VR-guided relaxation exercises 
appear to be feasible and promising nonpharmacological treatment 
options for reducing needle-procedure-related stress in paediatric pa
tients. These could also be explored as treatment options for other types 
of stress and anxiety.
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VR: virtual reality
ANS: autonomic nervous system
HRV: heart rate variability
HR: heart rate
BP: blood pressure
VirNE: virtual natural environment
SDNN: standard deviation of all N–N intervals
RMSSD: root mean square of successive differences
SI: stress index
LFnu: low frequency in normalized unit
HFnu: high frequency in normalized unit
LFabs: absolute values in low frequency
HFabs: absolute values in high frequency
FFT spectrum: fast Fourier transform spectrum

Glossary

Virtual reality: a simulated, three-dimensional environment that is 
computer-generated, interactive and allows a lifelike experience of 
immersion.

Heart rate variability: fluctuations in time intervals between consec
utive heartbeats.

Autonomic nervous system: the peripheral nervous system, which 
regulates involuntary physiological processes, such as heart rate, 
digestion and respiration.

Virtual natural environment (VirNE): virtual reality-based nature 
environment used in this study.

SDNN: a heart rate variability metric that measures the standard 
deviation of normal-to-normal intervals.

RMSSD: a heart rate variability metric that measures the root mean 
square of successive differences between consecutive N–N or R-R 
intervals.

LF: low frequency (0.04–0.15 Hz); a heart rate variability metric that 
is a component of frequency-domain analysis.

HF: high frequency (0.15–0.4 Hz); a heart rate variability metric that 
is a component of frequency-domain analysis.

FFT spectrum: Fast Fourier Transform; a spectrum that divides heart 
rate fluctuations into frequency band (LF, HF).
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